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WROUGHT-IRON  TUBULAR  BOW  BRIDGE. 

CWith  an  Engraving,  Plate  I.J 

In  consequence  of  the  tubular  form  becoming  a  favourite  mode 
of  constructing  bridges  of  wrougbt-iron  for  railivay  purposes,  we 
are  induced  to  give  an  engraving  of  a  wrougbt-iroii  tubular  bow 
suspension  bridge  for  crossing  the  Ouse  river  in  Norfolk,  designed 
by  Mr.  W.  C.  Harrison,  who  has  had  considerable  experience  in 
the  construction  of  some  large  timber  bow  suspension  bridges  on 
some  of  tlie  Norfolk  railways. 

Mr.  Harrison  observes, — "  The  facility  with  which  a  how  bridge 
of  this  construction,  with  boiler-plate,  could  be  put  together,  ap- 
peared so  eWdent,  that  he  felt  convinced  of  its  practicability  and 
usefulness  for  railway  purposes,  in  crossing  rivers  and  valleys,  to 
almost  any  extent.  A  bridge  of  this  kind  could  be  easily  put 
together,  by  the  same  kind  of  workmanship  as  in  steam  boilers,  in 
a  manufactory  in  any  part  of  the  country,  and  in  certain  conve- 
nient lengths  of  10,  15,  or  20  feet  each,  for  the  purpose  of  trans- 
porting to  its  destination,  so  that  there  will  be  but  a  few  joints  to 
ri^'et  up  when  put  in  its  place.  The  bow  being  hollow,  and  also 
the  tie-beam,  or  string  as  it  may  be  termed,  gives  the  opportunity 
for  a  man  to  get  inside  to  hold  up  the  rivets  for  the  workmen  out- 
side to  rivet  the  parts  together. 

"  The  bow  and  string  are  to  be  made  of  plate-iron,  of  such  a 
thickness  as  is  most  suitable  to  the  size  of  the  bridge  intended  to 
be  constructed,  and  joined  at  the  angles  with  angle-iron;  audit 
will  be  perceived  from  the  engraving  how  perfectly  well  connected 
the  extreme  ends  of  the  tie-beam  and  bow  will  be  by  the  manner 
shown,  which  is  a  plate  extending  over  the  tie  and  bow,  firmly 
rivetted  to  each,  thereby  answering  the  purpose  of  an  abutment  to 
the  bow,  and  gi\ing  perfect  security  in  a  \ital  part. 

"  The  elevation  of  the  bridge  shows  both  the  suspending  and 
cross-brace  bars,  being  all  of  jilate-iron,  from  the  facility  of  getting 
bars  in  this  shape  so  easily  made,  and  requiring  so  little  workman- 
ship— namely,  the  rivet  holes  made  in  their  ends. 

"The  design  is  for  a  span  of  170  feet  and  two  lines  of  rails; 
consequently,  there  are  three  bows.  Fig.  1  is  the  elevation  of  one- 
half  the  span,  with  the  suspending  bars  a  a  and  li  h  ;  drt,  the  abut- 
ment plates,  as  they  may  be  called;  c,  the  cross-beams,  which  may 
be  of  iron  or  timber.  Fig.  2,  a  view  on  the  top  of  the  bows,  with 
some  of  the  cross-beams,  c,  extending  outside  (as  also  seen  at  fig.  3, 
the  end  elevation),  to  receive  the  lower  ends  of  the  struts  going  up 
to  the  top  of  the  outside  of  the  bows,  to  give  steadiness  to  the 
whole ;  but  these  can  be  used  or  not.  Fig.  3  shows  the  distance- 
pieces  and  cross-frames  betwoen  the  bows.  Fig.  4  is  a  section  of 
the  cross-beams  or  girders,  which  may  also  be  made  of  wrought- 
iron  plate  and  angle-iron,  or  wood,  to  carry  the  timber  sleepers  of 
the  rail.  Fig.  5  is  an  enlarged  section  of  the  bow  and  string,  and 
the  distance-piece  between  the  suspending  bars." 

Mr.  Harrison  proposes  for  a  bridge  of  the  span  shown  in  the 
engraving,  that  the  bow  should  be  constructed  of  half-inch  plate- 
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iron,  i  feet  deep  by  3  feet  wide ;  and  the  tie-beam  or  stringer 
2  ft.  6  in.  deep  by  3  feet  wide. 

Next  month  we  will  endeavour  to  offer  some  remarks  on  the 
construction  of  bridges  of  the  tubular  form,  as  to  their  applica- 
bility for  railway  purposes. 


A  DEFLECTION  OR  VIBRATION  GAUGE. 
By  George  Howard  Fexwick,  C.E. 

The  accompanying  engraving,  fig.  1 
(drawn  to  one-tiiird  the  full  size),  is  a 
gauge  for  registering  the  vibration  or 
deflection  of  railway  girders.  A  is  a 
piece  of  wood  or  metal,  made  to  slide  in 
another  piece,  B,  which  is  held  in  posi- 
tion by  a  slight  pressure  of  two  springs. 
G  and  F,  as  shown  on  plan  fig.  2  (drawn 
full  size).  On  the  face  A  are  two  ar- 
rows at  C,  whicli  can  be  moved  to  any 
of  the  holes  at  D  for  adjustment.  It  is 
supposed  to  be  set  at  zero,  and  as  it  re- 
ceives the  pressure  from  tlie  girder  E  it 
is  pressed  down,  thereby  registering  the 
deflection  of  the  girder  on  a  decimal  or 
mechanical  di\ided  scale  on  B.  This 
gauge  may  be  applied  by  being  sup- 
ported by  a  frame  let  into  the  sides  of 
the  walls  which  the  girders  span,  and  so 
made  to  travel  to  any  particular  place, 
such  as  the  centre  or  springings;  or 
may  be  placed  upon  a  staff'  for  conveni- 
ence, similar  to  a  levelling  staff. 

G.  H.  F. 

[This  simple  and  ingenious  contriv- 
ance might,  perhaps,  be  improved  by 
fixing  a  vernier  on  the  slide  D,  divided 
so  as  to  indicate  the  hundredth  parts  of 
an  inch;  the  side  scales  being  divided 
into  inches  and  tenths.] — Editor. 
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Fig.  I    EUvation, 


Fig.  2,  Plan. 
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NOTES  ON  ENGINEERING.— No.  VIII. 

Ry  HoniKKSiiA.M  Co.\,  R.A. 

Oil  the  most  Ecnnomicul  Furms  nf  Sunpiiishm  liriilges. 
Of  all  kinds  of  liritlj^es  suspension  liri(lp;es  iiro  cjipalile  of  being 
ronstruotod  h  itli  the  preatest  span.  Notwitlistandiiijj;  tliis  advan- 
fnjfe  and  tlie  facility  of  constnution,  tlie  use  of  tliese  structures 
lias  been  restricted  t)y  their  flexibility  and  tendency  to  undulate. 
'I'hey  have  fallen  into  disrepute  in  the  modern  practice  of  enj^ineer- 
inp,  on  account  of  the  difficulty  (generally  deemed  insuperable)  of 
making  them  sufficiently  rigid  for  the  )>urposes  of  heavy  traffic, 
such  as  that  upon  railways.  Anotlier,  though  less  (divious,  olrjec- 
tion  is  that  tlie  ordinary  methods  of  calculating  the  jiroper  form 
and  dimensions  of  suspension  bridges,  and  the  different  strains  to 
which  they  are  subjected,  are  exceedingly  complicated.  The  in- 
tricacy of  the  investigations  leaves  a  degree  of  uncertainty  and 
distrust  as  to  the  actual  strength  which  the  several  parts  of  a  sus- 
pension bridge  may  be  assumed  to  possess. 

The  object  of  tlie  present  paper  is  to  examine  how  far  these 
difficulties  may  be  removed,  and  to  show  what  method  of  arranging 
the  dift'erent  jiarts  of  the  structure  secures  the  greatest  amount  of 
strength  for  tlie  wliole. 

Suspension  bridges  may  he  distinguished  generally  into  two 
classes:  1st.,  those  of  the  ordinary  form,  that  of  a  main  chain  or 
catenary,  with  the  roadway  suspended  from  it  by  vertical  rods  ; 
'ind.,  those  in  which  the  roadway  is  suspended  directly  from  the 
abutments  liy  straight  rods,  the  catenary  or  curve  chain  being 
altogether  dispensed  with.  It  will  be  shown,  on  strict  statical 
])riiiciples,  that  the  first  method  involves  a  great  waste  of  material, 
and  that,  by  a  pro])er  arrangement  oi  -strdight  rods,  a  given  amount 
of  strength  may  be  secured  with  a  smaller  quantity  of  iron,  or  a 
greater  amount  of  strength  with  a  given  ipiantity  of  iron,  than  by 
the  use  of  a  main  catenary.  Of  course,  methods  of  using  straight 
rods  may  be  employed  which  involve  greater  waste  of  material 
than  even  the  employment  of  the  curved  chain.  The  most  econo- 
mical arrangement  of  straight  rods  is  not  a  merely  arbitrary  mat- 
ter, but  depends,  like  every  other  branch  of  engineering,  on  sound 
deductions  from  the  laws  of  mechanics. 

Refore  proceeding  with  the  investigation,  it  may  be  as  well  to 
remind  tlie  reader  that  the  object  of  these  Notes  on  Engineering 
is  to  simplify  the  practical  ajiplications  of  theory,  and  to  exjdain 
them,  as  far  as  possible,  in  familiar,  untechnical  language.  This 
important  rule  should  be  constantly  remembered  by  all  who  teach 
and  all  who  study  the  mathematics  of  engineering — tliat  long  fnr- 
mii/re  are  never  j/iit  into  practiee.  In  practice,  simple  general  prin- 
ciples are  far  more  useful,  because  capable  of  being  applied  with 
far  more  certainty  and  facility,  than  the  most  elaborate  results  of 
scientific  research. 

We  now  proceed  to  establish  the  following  important  general 

Proposition. — In  a  susijciifiion  briilye  the  niateriut  required  to  sus- 
tain a  given  had  will  be  the  least  when  each  point  of  support  in  the 
roadway  is  directhj  conneeted  with  a  point  of  suspension  in  the  nearest 
ahntnient  by  one  independent  straight  rod. 

To  begin  w  ith  the  simplest  case,  it  will  be  first  of  all  supposed 
that  only  two  points  of  support  in  the  roadway  are  connected  with 
the  point  of  suspension.     Suppose  that  R  (fig.  1)   is  the  point  of 


Fig.  1. 


Fig.  2. 


suspension  ;  A  and  D  the  two  points  of  support  in  the  horizontal 
platform  A  C.  Tlien  it  will  be  shown  that  to  sustain  a  given  load, 
the  most  economical  arrangement  of  the  suspensicm  bars  consists  in 
connecting  R  with  A  1)  independently  and  directly  by  two  rectili- 
near rods,  AR  and  DR.  If,  however,  as  in  fig,  2,  the  connection 
he  indirectly  made  by  suspension  rods  meeting  at  an  intermediate 
point  E,  more  material  will  be  required  for  a  given  amount  of 
strength. 


In  order  to  prove  this  proposition,  which  has  so  important  a  rela- 
tion to  the  most  usual  methods  of  constructing  suspension  bridges, 
it  is  necessarv  to  ascertain  tlie  (|iiaiitities  <if  material  in  the  rod 
A  R  and  R  D'(fig.  1),  and  the  rods  A  E,  D  E,  and  R  E  (fig.  2),  and 
to  compare  the  aggregate  annuint  of  material  used  in  both  cases. 
It  is,  of  course,  ])resupposed  that  the  strength  of  the  rods  is  pro- 
portioned to  tlie  strain  upon  them.  In  ascertaining  the  thickness 
to  be  given  to  the  rods  of  a  suspension  bridge,  the  first  point  to  be 
settled  is  the  amount  of  strain  which  the  material  will  bear  on  each 
square  inch  of  the  sectional  area.  For  tlie  purpose  of  mere  cmn- 
parixon,  it  is  indifierent  what  amount  be  assumed :  it  may  therefore 
be  supposed  that  the  rods  are  to  be  calculated  to  bear  a  strain  or 
tension  of  t  lb.  per  square  indi  of  their  sectional  area.  Conse- 
quently, multiplying  the  sectional  area  of  any  rod  by  /,  we  have 
the  whole  strain  to  which  it  is  subjected.  Further,  for  )iurposes  of 
comparison  it  is  indifierent  what  be  the  load  on  the  bridge,  so  that 
in  both  cases  the  weights  at  corresponding  points  of  tlie  platform 
be  supposed  the  same :  let  it  therefore  he  assumed  that  both  in 
fig.  1  and  fig.  2  the  jioint  A  has  to  sustain  a  vertical  weight  ;/-,  and 
also  (for  the  sake  of  simplicity)  that  the  point  D  in  both  figures 
has  to  sustain  the  same  weight  u\ 

It  will  (at  first)  be  taken  for  granted  that  the  jilatform  contri- 
butes nothing  by  its  rigidity  to  sustain  the  load ;  that  the  whole 
weight  is  borne  by  the  suspension  rods,  which  are  ke]it  in  their 
oblique  positiiui  by  the  connection  of  the  platform.  The  amount 
of  material  requisite  to  support  w  at  the  point  A  will  first  be  con- 
sidered. 

Commencing  with  the  case  of  fig.  1,  we  have,  since  the  rod  A  R 
sustains  the  weight  w  at  A,  the  vertical  component  of  tlie  tension 
of  A  R  equal  to  «;.  Supposing  the  sectional  area  of  this  rod  to  he 
k  square  inches,  its  tension,  by  what  has  been  already  said,  will 
be  ki. 

,         ■      T,    ^   r.  ,  B  C  W       A  R 

.-.«,  =  A/ smR  AC  =ht.^^;    k=j.j^f,. 

Consequently,  the  mass  of  the  rod  =  its  sectional  area  multiplied 

by  Its  length  =  -  g^     (1). 

Proceeding  now  to  the  case  of  fig.  2,  and  still  confining  attention 
to  the  suspension  of  the  point  A,  by  reasoning  exactly  the  same  as 

w  A  E' 

that  for  fig.  1,  the  mass  of  the  rod  A  E  := = —  ,  (Ee  being 

t    IL  e 
drawn  vertical.) 

It  is  clear  that  the  connection  between  the  point  R  and  the  point 
E  may  be  supposed  to  be  established,  not  by  a  simple  bar,  but  hy  a 
compound  bar  of  two  or  more  parallel  lengths.  In  fact,  this 
method  is  that  usually  adopted  in  actual  practice,  the  several  links 
of  the  chain  commonly  consisting  of  se\eral  bars  or  iron  plates 
laid  side  by  side,  and  connected  at  their  extremities.  Their  relative 
thickness  is  a  matter  of  indift'erence,  provided  that  the  total  thick- 
ness be  sufficient  to  sustain  the  strain.  In  fig.  2  the  rod  R  E,  pro- 
vided it  have  the  thi<'kness  necessary  to  sustain  the  united  effects 
of  the  two  weights  at  A  and  D,  may  be  supposed  to  be  made  up  of 
any  number  of  parallel  bars  of  any  relative  tliickness  whatever. 
Now,  supposing  R  E  to  be  a  compound  bar,  let  A'  he  the  sectional 
area  or  thickness  of  metal  due  to  the  eft'ect  of  the  weight  at  A, 
kf'  the  thickness  due  to  the  weight  at  D :  k'  -\-  hf'  will  be  the  total 
thickness  of  R  E. 

Taking  the  thickness  k'  to  be  that  requisite  to  sustain  w  at  A, 
and  k't  the  consequent  amount  of  tension  of  that  part  of  the  com- 
pound bar,  we  have  the  vertical  component  of  k't  (=  vertical  com- 
ponent of  tension  along  AE)  =  lo.     Hence,  if  E/  be  drawn  hori- 

Bf       .    . ,  _  'f  ER 
ER'     ''  t   Bf 

Multiplying  this  quantity  by  the  length  E  R,  and  adding  the  mass 
of  the  rod  ascertained  above,  we  have  the  total  mass  of  metal  re- 

ae:         ERn  

Ee      +      Bfi  ^  > 

Hence  subtracting  the  expression  (1)  from  the  expression  (2),  it 
will  he  easily  found  by  some  simple  analysis,  which  is  here  omitted 
for  the  sake  of  brevity,  that  the  mass  required  for  the  indirect  con- 
nection A  E  R,  fig.  2,  exceeds  tlie  mass  required  for  the  direct  or 
rectilinear  connection,  A  R  fig.  1,  by  a  quantity 
(RC.E/  -  AC.Ee)^  w 
RC.R/./C  ■  t  ' 

which  is  positive  in  all  cases.     Hence,  more  material  is  always  re- 
quired for  the  indirect  than  for  the  direct  connection  of  A  and  R, 
The  same  mode  of  reasoning  apjilies  to  the  weight  suspended  at  D. 


zontal. 


quired  to  connect  A  and  H 


=  ?{■ 
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The  form  of  the  analysis  is  such  that  it  applies  to  this  case  as 
well  as  the  last,  and  leads  to  a  similar  conclusion — that  the  indirect 
or  bent  connection,  DEB,  reciuires  more  material  than  the  direct 
or  rectilinear  connection,  D  B.  Now  it  is  evident,  that  what  is 
true  of  the  several  parts  of  the  system  individually,  is  true  of  the 
whole  collectively — that  if  less  material  be  required  for  each  of  the 
direct  connections  than  for  each  corresponding-  indirect  connection, 
the  total  material  reijuired  for  all  the  former  will  be  less  than  the 
total  material  required  for  the  whole  of  the  latter.  In  other  words, 
the  St/stem  of  sm-jjension.  in  fiff.  1  m"  the  moxt  economical. 

The  same  result  might  have  been  obtained  by  supposing  B  E  a 
simple,  undivided  bar,  and  tlie  amount  of  material  given  by  that 
hj'pothesis  would  be  the  same  as  that  on  the  liypothesis  here 
adopted.  But  the  method  of  investigation  given  above  leads  more 
easily  to  the  general  results  for  which  we  are  seeking.  It  has  the 
advantage  of  admitting  immediately,  and  without  any  more  mathe- 
matical analysis,  tlie  following  important 

CoROLLABV. — The  method  of  suspension  (fig.  1)  is  more  economical 
than  the  method  (fig.  2),  for  any  number  of  points  of  support  in  tlie 
platform. 

For  the  reasoning  given  above  is  not  affected  by  supposing  the 
rod  B  E  to  divaricate  at  E  into  three  or  more  radial  bars  proceed- 
ing to  as  many  points  of  support  in  the  roadway.  W'hatever  might 
be  the  number  of  indirect  connections  by  this  method,  eacli  of 
tliem  would  require  more  material  than  the  corresponding  direct 
connection  of  fig.  1  :  and  therefore  the  total  quantity  of  metal 
required  by  the  former  method  exceeds  the  total  quantity  required 
by  the  latter  method. 

We  have  hitherto  considered,  in  the  second  or  indirect  methml, 
only  one  point  of  divarication,  E  :  the  inquiry  will  be  completed 
by  considering  several  other  such  points  to  exist — ^as  at  B,  B',  B ", 
B  ",  &c.,  fig.  3. 


Fig.  a. 

The  connection  of  A  and  D  with  B,  by  bars  meeting  at  E,  has 
been  already  considered.  Less  material  would  have  been  required 
to  support  the  weight  at  A  and  D,  if,  instead  of  the  method  shown 
in  fig.  3,  there  had  been  separate  straight  rods  from  A  and  D  to  B. 
In  this  latter  case,  B'  (the  next  point  of  suspension)  ivould  be 
connected  with  the  three  points  A,  D,  ft,  by  three  straiglit  rods, 
divaricating  from  the  end  B  of  a  common  rod  B  B'. 

The  "  Corollary"  given  aljove  shows  that  this  triple  divarication 
involves  a  waste  of  material.  Had  there  been  in  the  place  of  it, 
three  straight  rods  from  A,  D,  and  ft,  to  B',  less  material  would 
have  been  required  to  support  the  corresponding  weight.  But  this 
triple  <livarication  itself  requires  less  material  than  the  metliod 
shown  in  fig.  3.  Hence,  s,  fortiori,  the  direct  connection  with  B' 
would  require  still  less  material  than  the  method  shown  in  the  figure. 
And  so,  by  continuing  the  same  mode  of  reasoning  for  the  otlier 
points,  B",  B'",  &c.,  we  come  at  last  to  the  general  conclusion 
that,  if  all  the  points  of  support  had  been  directly  and  indepen- 
dently connec4:ed  with  K  (the  ultimate  point  of  suspension),  less 
material  would  have  been  required  to  sustain  given  loads  than  by 
the  method  shown  in  fig.  3. 

This  conclusicm  is  independent  of  the  inclination  of  the  rods 
E  D,  Bft,  B  ft',  B  ft",  &c.,  and  remains  true  when  they  are  vertical. 
Hence,  in  the  common  suspension  bridges,  such  as  those  at  Chiuing- 
cross,  HammersmitlL,  &:c.,  with  a  main  chain  or  catenary  hanging 
between  tlie  abutments,  and  connected  with  the  platform  by  xerti- 
C;il  rods,  there  is  a  waste  of  material.  The  same  conclusion  applies 
to  all  suspension  bridges  having  radial  bars  radiating  from  any 
point  except  the  points  of  ultimate  suspension  at  the  abutments — 
and,  therefore,  hold  with  respect  to  the  bridges  on  Dredge's  jirin- 
ciple,  some  of  which  are  erected  in  the  Regent's-park,  and  of  wliich 
one  recently  gave  way  and  was  destroyed  near  Calcutta. 

The  amount  of  saving  effected  by  connecting  all  the  points  in  the 
platform  with  the  abutments  by  independent  straight  rods,  may  be 
best  shown  by  an  example.  The  Hungerford  bridge,  at  Charing- 
cross,  may  be  taken  as  a  familiar  example — and  we  will,  therefore, 


proceed  to  compare  the  material  required  for  that  bridge  by  the 
method  actually  adopted,  and  the  quantity  which  would  be  required 
by  the  method  here  advocated. 

Tiie  quantity  of  material  required  for  suspending  the  bridge  by 
a  catenary  and  vertical  rods  will  first  be  considered.  The  position 
of  the  centre  of  gravity  of  the  half-span  depends  on  the  form  and 
weight  of  the  chain,  and  the  manner  in  which  the  load  is  distri- 
buted along  the  platform.  When  the  load  is  small  compared  with 
the  weight  of  the  chain,  the  centre  of  gravity  of  half  the  bridge 
and  load  will  be  nearer  the  abutment  than  the  centre  of  the  bridge  • 
for  the  curvature  of  the  chain,  its  increase  of  thickness  near  fhe 
point  of  suspension,  and  the  increased  length  of  the  vertical  rods 
all  tend  to  make  the  weight  preponderate  towards  the  abutment' 
But  wlien  the  bridge  is  supposed  to  be  loaded  with  a  breaking 
weight  greatly  exceeding  the  weight  of  tlie  chain,  and  uniformlV 
distributed  along  the  platform,  it  may  be  assumed,  without  sensible 
error  that  the  iiorizontal  distribution  of  the  wei^j-ht  of  the  whole 
system  is  uniform.  In  this  case,  tlie  centre  of  gravity  of  the  half- 
span  will  be  midway  between  the  abutment  and  centre  of  the 
bridge. 

At  this  latter  point  the  tension  of  the  catenary  is  horizontal. 
Let  moments  be  taken  about  tlie  point  of  suspension  for  the  equi- 
librium of  the  half-span  :  then,  since  the  horizontal  tension  in 
question  acts  below  the  point  of  suspension,  at  a  vertical  distance 
equal  to  the  defiection  of  the  chain,  and  since  the  weiu-ht  acts  at  a 
horizontal  distance  from  the  same  point  equal  to  the  quarter-span 
the  products  of  each  of  these  forces  into  the  corresponding  distance 
will,  by  the  Principles  of  Moments,  be  equal.  Hence,  calling  AV 
the  total  weight  of  the  half-span  (including  tlie  half-cliaiii),  'l^the 
horizontal  tension,  d  the  defiection,  u  the  quiu-ter-span, — it  follows 
that 


W  a  =  Td:     or  T  =;  ^V 


.(1). 


That  is,  the  horiz:intal  tension  —  the  weiyht  of  the  half-span  multiplied 
by  the  ratio  of  the  <iuartcr-spun  to  the  defection,-  a  simple  rule,  from 
which  tlie  horizontal  tension  of  the  chain  of  any  suspension  bridu^ 
loaded  h  itii  its  breaking  weight  may  generally  be  calculated  with 
sulficient  accuracy. 

It  has  been  assumed  that  the  load  is  uniformly  distributed,  or 
that  any  portion  of  the  weight  is  proportional  to  the  length  of  the 
corresponding  jiortioii  of  toe  platform.  It  follows,  that  if  any 
distance,  j,  be  measured  along  the  platform  from  the  lowest  point 

of  the  chain,  the  weight  corresponding  to  that  distance  is  W*-  • 

2  a 
Also,  if  y  be  the  vertical  ordinate  of  the  chain  at  the  same  dis- 
tance, a  known  principle  which  applies  to  catenaries  of  every  form 
gives 

<!/  ^w^-    ^T  =  ^^  (2) 

dx  2a  T2«  ^   ' 

By  another  known  principle  which  also  applies  to  all  kinds  of 
catenaries,  the  tension  at  the  point  (.c,  y)  is  equal  to 

■■■■(■+ a*- 

And  since  the  sectional  area  of  the  chain  at  any  point  is  supposed 
proportional  to  the  strain  at  the  same  point,  we  have,  if  K  and  A' 
be  sectional  area  at  point  (,r,  (/),  and  the  lowest  point  of  the  chain 
respectively 

The  mass  of  each  small  portion  of  the  length  of  the  chain  is  the 
product  of  that  element  of  length,  and  the  corresponiling  sectiomil 
area  :  hence  it  will  be  easily  seen  that  the 

mass  of  the  half-chain  -z^  k  I  1  1    4-    -  -  \  d  x. 

Jo         ^  rf.i'V 

And  this  quantity  by  substitution  from  (2)  will  be  found  equal  to 

2a/i;  ll  -|-  ;r7rr).     Fimilly,  if  the  tension  per  square  inch  be /, 

and  consequently  T  =  k  t,  and  if  a  be  put  ^  1 70  feet,  and  d  ^  SO, 
it  will  be  readily  ascertained  that  the 

mass  of  the  half-chain  =.        X    1IS9-3. 

(which  are  almost  exactly  the  values  of  those  quantities  in  the 
Hungerford  Bridge.) 

To  obtain  the  whole  quantity  of  material  required  for  the  pm-- 
poses  of  suspension,  we  must  add  to  the  quantity  last  obtained,  the 

2* 
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mass  (if  tlie  siisponsion  rods.  Tlic  lengtli  of  these  increases  from 
tlie  centre  to  t}ie  almtmeiit,  and  is  equal  to  that  of  the  vertical 
co-ordinates  of  the  catenary. 

The  iiitCffi-ation  of  equation  (2)  g-ives  the  relation  of  y  to  .r, 
which  M  ill  he  found  sudi  tliat  ///''  jinipotiion  hetween  any  two  vertical 
(•(i-ordinute.s  is  equiil  to  the  sijitare  of  the  projiortiiin  Ijetireeii  tlie  corre- 
x/ii»u/iiiy  horirotitd/  eo-orditidte/s — a  very  siin|de  rule  for  deterniininjr 
the  form  uliicli  the  chain  will  nearly  assume  wlien  subject  to  its 
hrcakiufT  weii^ht. 

It  folhjws  from  this  rule,  that  when 

.r  is  .j'j  th  of  the  half-span,    y  is  ,J|,  th  of  the  deflection 
■r      -ibths  „  y      ^ths  „ 

.r      :,i,tlis  „  y      105  ths  „ 

■r      ,1-,ths  „  y      ^Sths  „ 

&c.  „  &c.  ,, 

Now,  if  we  sup])ose  the  half-platform  attached  to  the  half-diain 
at  every  20  tli  of  tlie  lentftli  of  the  former,  we  shall,  by  adding  up 
all  tlie/z's  in  the  above  scheme,  get  the  total  length  of  all  the  ver- 
tical roils  together,  which,  therefore,  is  equal  to 

^  (1  -I-  2'  -f  T-  +  1'  +  +  19-)   X   deflection; 

and  this  by  actual  calculation  is  equal  to  the  deflection  X  6'175. 
Therefore,  since  tlie  deflection  is  50  feet,  the  total  length  of  all 
\  ertical  rods  is  :i08-75  feet.  This  supposes  that  the  platform  meets 
tlie  chain  at  the  centre,  the  value  of  y  at  that  point  being  zero. 

Each  rod  sustains  one-twentietli  of  the  weight  of  the  half-span, 
and  therefore  has  a  tension  -  4«'.  Therefore,  if,  as  before,  <  be 
the  tension  per  square  inch  of  the  sectional  area,  that  area,  by 

w 
principles  already  laid  down  =  ^'^  -.  The  mass  of  all  the  rods  equals 


this  quantity  X  the   length  308-75  feet,  just  obtained  =  ^ 
Adding  this  to  the  mass  of  the  half-chain,  we  have  finally 


15-4. 


the  mass  of  the  half-chain  and  its  rods  ; 


X  1204-7 (A). 


Next,  let  it  be  ascertained  what  is  the  quantity  of  material  re- 
quired when  the  load  is  supported 
by  straight  rods  exclusively.  It 
has  been  sliown  that  if  7,(,u'  be  sus- 
tained at  A  by  a  straight  rod  A  B,  the 

,      ,  ,  1    «)  A  B  = 

mass    of    that    rod   =    —---.,„   • 

This  expression  (since  ABC  is  a 
right  angled  triangle,  and  therefore 
AB'  =  A  C-  -l"  BC-',)    is  equivalent 


Fig.  4. 


20 


A(2<i)= 


A  C  is  i'j  th  of  the  half-span,    A  C  =  4o  (2  a)' 
AC      iliths  „  AC* 

AC      .l;ths  „  AC' 

&c.  &e. 

Adding  up  all  the  values  of  A  C=,  we  get  for  the  total  mass  of 
the  rods 

i"    {(1+2^  +  .3^+ 19^)ilSc 


+  19  BC 


:}  = 


w     f 

7   I 


6-175  ^i~}r  +    19  Bc}: 


761-3 (B). 


20 

-i  6-IYi    '„  „        , ,  . 

20   <     (.  BC  J         t 

Comparing  the  expression  (B)  with  (A),  we  see  that  the  material 
re(|uirod  in  one  case  is  about  j'^  ths  of  what  is  required  in  tlie  other 
case.  In  otlier  words,  if  <i  .•.■i(.\/ieii>iifm  ImiUje,  of  the  dimensions  of  the 
Hungerford  bridge,  u-ere  sustained  hy  independent  oblique  rectilineal 
rods,  instead  of  n  main  chain  and  vertical  rods,  a  saving  of  nearly  half 
the  material  would  lie  effected. 

It  will  be  hereafter  shown,  that  great  as  is  this  advantage  with 
respect  to  tlie  )iower  of  the  bridge  to  sustain  a  statical  load  uni- 
formly distributed,  still  greater  advantages  belong  to  the  method 
of  suspension  here  advocated,  when  the  eff'ect  of  moveable  loads  is 
taken  into  consideration. 


TIIK  OBLIQUE  ARCH. 

On  the  Focus  to  which  the  Joints  on  the  Face  converge. 

Suppose  a  right-angled  plane  triangle  formed  of  any  flexible 
material,  having  its  two  sides  respectively  equal  to  L,  the  axial 
length,  and  ir  r,  the  semicircle  obtained  by  taking  a  section  of 
the  bridge  jierpendicular  to  the  axis.  If  the  side  L  be  placed  along 
the  top  of  the  abutment  of  an  obliipie  bridge,  and  the  triangle 
wrapped  over  the  laggings,  tlie  hypo'dienuse  will  form  a  spiral  line 
which  is  the  intersection  of  tlie  coursing  joints  and  soffit.  If  a 
straight  line  move  along  the  axis  ot  the  cylinder,  so  as  always  to 
intersect  it  at  right  angles,  and  pass  tiirougli  the  hypothenuse  of 
the  above  triangle,  it  will  generate  the  twisted  surface  jiroper  for 
the  beds  of  the  stones.  Mr.  Buck  was  the  first  to  show  that  the 
joints  that  ajipear  on  tlie  face  of  the  arch,  pass  tlirougli  a  point  O, 
below  the  centre  C,  when  the  "  section  on  the  square,"  or  section 
perpendicular  to  the  axis,  is  a  circle.  A  similar  expression  for  the 
length  of  the  line  C  O  may  be  obtained  when  the  sections  of  the 
intrados  and  extrados,  made  by  a  plane  perpendicular  to  the  axis, 
are  similar  ellipses. 


a,      A 


Let  the  figure  represent  the  elevation  of  an  oblique  bridge,  cir- 
cular or  elliptic  "  on  tlie  square" — if  it  be  segmental,  the  ellipses 
must  be  supposed  completed.  Take  the  axis  of  the  cylinder  for 
the  axis  of  y,  and  let  the  plane  .»■)/  be  horizontal.  A,  B  ;  a,  b,  are 
the  semi-axes,  major  and  minor,  of  the  extrados  and  intrados  re- 
spectively. A  X  E,  a  X  E,  the  lengths  of  these  semi-ellipses. 
S  =  arc  A'P,  where  CN  =  A  cos©;  and  «  =  arc  up,  where  C  j-  = 
arc  a']).     L  =  axial  length,    n  =  acute  angle  between  the  directions 

AE 

of  the  roads.     <].  —  angle  of  extrados  ;  and,  therefore,  tan  *  = 

The  equations  to  the  extradosal  and  intradosal  spiral  are,  respec- 
tively, 


X  = 
Y  = 


A  cos  0  ^ 

a'e«    FO) 

3  J 


Z   =   B  sin  0 


X  =  a  cos  9 
L 

tTE 
6  sin  e 


y  =  „-f/-    •  (2) 


"i 


z  — 


and  the  equation  to  the  face  of  the  arch  is  i/  =  .r  cot  0.  -\-  d.     (3) 

Let  X'  Y'Z',  x'  y'  z' ,  be  the  co-ordinates  of  the  points  in  which 
the  corresponding  extradosal  and  inti-adosal  spirals  meet  the  face 
of  the  arch.  Then  X'  Y'  Z',  x'  y'  z' ,  are  co-ordinates  of  a  point  in 
the  face  of  the  arch,  and  must  satisfy  equation  (3). 


Y' 


X 


X'  cot  D.  -\-  d  ;  and  y'  —  x'  cot  n  -j-  rf ; 

-  X   =  (Y'  -  2/  )  tan  n  =  j;  i^j^  -  -  j  t^n  n  = 
A      /S      s\ 
\k~  a) 


,  .         ,  tan  Cl. 
tan  4 

In  order  to  determine  the  length  of  CO,  it  will  be  sufficient  to 
confine  our  attention  to  the  projection  on  the  plane  xz,  of  a  straight 
line  passing  through  X'Y'Z',  x'y'z'.  The  equation  to  this  projec- 
tion is 

y    __Z'    -Z' 

z  —  L    — 


and  if  u-  =  0, 


X'  -  .f' 

=  CO,  .-.  co  = 


(,r  -  X')  ; 


'  x'  —  z'  X' 
X'  -  x'~ 
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B  sin  0  a  cos  B  —  f/sinO  A  cos  0 


Aa  Vl-r  sin  {0  —  0) 


b  cot  n  tan  * 


sin  (e 

~S~ 


A    ,S 


[a- a) '■•'"'' 


(a     a) 


b  cot  n  tan  4,  nearly,  since  the 


difference  of  0  and  9  is  always  very  small. 

Hence,  whether  the  "section  on  the  square"  be  circular  or  elliptic, 
at  the  point  b  make  the  angle,/'iC  =  90  —  n;  and  at  the  point yj 
where  6./'meets  Co,  make  the  angle  C./'O  n  ♦,  the  angle  of  the 
extrados  ;  the  point  O  %i here. /O  meets  6 C  produced  is  the  focus 
to  which  the  joints  on  the  elevation  converge.  C  O  =  Cy'tan  ^  = 
C  B  tan  (90  — il)  tan*    =  6  cot  n  tan  * 

If  the  section  perpendicular  to  the  a.\is  be  circular,/  will  be  the 
focus  of  the  ellipse  o'6o,  and  may  be  readily  found  by  describing 
from  the  centre  i,  with  radius  Co,  an  arc  of  a  circle  which  will  cut 
Cn  in./",  the  focus  of  the  ellipse  a'ba.  If  we  had  considered  this 
case  alone,  the  preceding  calculations  would  have  been  much  sim- 
plified,  for  then  A  =  B  =  R  ;  a  =  6  =  r ;    A  E  =  ttR  ;    oE  =  irr  ; 

S  =  Re  ;    s  —  re  ;    and  CO  =  —  r  cot  n  tan  *  — j^ —  . 

(0-e) 

The  line/O  may  be  readily  and  accurately  drawn  by  setting  off 
with  any  scale  of  equal  parts  fh  —  axial  length,  and  erecting  a 
perpendicular  hk  equal  the  semicircle  or  semi-ellipse  in  which  a 
plane  perpendicular  to  the  axis  cuts  the  extrados. 

F.  Bashfobth. 


CANDIDUS'S    NOTE-BOOK. 
FASCICULUS  LXXVII. 

'*  I  nnist  have  liberty 
Witlial,  OS  large  a  charter  a"  tlie  winds. 
To  blow  on  whom  I  please." 

I.  I  must  confess  to  being  completely  disappointed  by  Hay's 
book  on  the  "Laws  of  Harmonious  Colouring;'  nor  at  all  the  less 
so  for  its  having  reached  a  sixth  edition,  when  had  reviewers  re- 
ported of  it  conscientiously  at  first,  its  futility  for  any  purpose  of 
real  instruction  would  have  been  pronounced  long  ago.  It  is  not 
to  be  denied  that  it  contains  some  useful  information  in  regard  to 
the  colours — that  is  the  pigments,  employed  in  house-painting ; 
which  may  ha\e  caused  a  demand  for  the  book  among  the  opera- 
tives in  that  humble  branch  of  art.  But  as  to  any  direct  insight 
which  it  affords  into  the  theory  and  principles  of  artistic  colouring, 
as  one  main  auxiliary  to  architectural  design  and  effect,  it  is  alto- 
gether null.  Or,  at  the  very  best,  it  merely  affords  a  faint  glim- 
mering here  and  there  of  something  like  approximation  to  the 
subject  promised  by  the  title-page.  Possibly,  Mr.  Hay  is  fully 
capable  of  clearly  explaining  to  others  the  doctrine  which,  it  may 
be  prestimed,  he  has  satisfactorily  established  for  himself.  Never- 
theless, he  has  thrown  very  little,  if  any,  light  upon  the  matter. 
To  say  the  truth,  his  book  shows  no  disposition  to  communicate 
more  than  he  can  possibly  help  ;  in  which  respect,  however,  he  is 
by  no  means  singular,  there  being  many  other  books  of  a  similar 
description,  in  which  the  information'  is  studiously  concealed, — 
either  evaded,  or  else  wrapped  up  in  oracular  brevity,  or  in  ver- 
biage overclouded  by  more  than  oracular  obscurity.  Had  iMr.  Hay, 
instead  of  theorizing  so  much,  ins  b/ane,  as  the  Germans  say,  con- 
descended to  exemplify  harmony  of  colouring  in  decoration  by  a 
few  positive  instances — both  such  as  were  distinguished  for  the 
observance,  and  others  which  proved  its  value  by  showing  the 
errors  arising  from  neglecting  it — he  would  have  supplied  his 
readers  with  some  really  useful  lessons ;  whereas  now  he  leases 
them  entirely  to  themselves  to  take  their  chance  for  making  out 
what  he,  as  their  professed  instructor,  should  have  carefully  ex- 
plained step  by  step  Where  he  ought  to  have  been  most  of  all 
full  and  explicit,  he  is  more  vague  and  brief  than  elsewhere.  On 
the  other  hand,  he  is  somewhat  loquaciously  prolix  in  regard  to  the 
work  done  by  him  at  Abbotsford,  notwithstanding  that  it  does  not 
in  the  slightest  degree  serve  to  illustrate  the  Laws  of  Harmonious 
Colouring,  the  painting  being  there  confined  to  the  mere  imitation 
of  oak  and  wainscotting.  In  short,  the  book  is  a  rather  humbug- 
ing  affair,  for  the  light  which  Mr.  Hay  has  thought  proper  to  afford 
us  amounts  to  no  more  than  "darkness  visible,""and  there  he  leaves 
us  to  grope  about 


II.  The  fresco  scheme  for  the  decoration  of  the  Palace  of  West- 
minster does  not,  it  seems,  answer  expectation, — at  least  so  does 
not  what  has  been  done  in  the  House  of  Peers,  where  the  experi- 
ment has  been  first  of  all  made,  instead  of  the  artist  actjuiring 
proficiency  in  that  mode  of  painting,  by  being  employed  in  less 
important  parts  of  the  building  before  touching  that  which  ought 
to  display,  not  the  efforts  of  "  'prentice  hands,"  but  the  mastery 
acquired  by  matured  jiroficiency.  Among  other  defects  and  over- 
sights complained  of,  it  is  now  discovered  that,  partly  owing  to  the 
profusion  of  gilding  and  vivid  colours  of  the  other  decorations,  the 
frescoes  do  not  produce  the  anticipated  eft'ect,  they  being  in  a  great 
measure  overpowered  and  eclipsed  by  %vhat  is  mere  embellisliment. 
Thus  they  are  in  a  manner  converted  fi-om  principal  objects  as 
works  of  art,  into  quite  secondary  ones  as  regards  the  general 
ensemble, — a  serious  defect,  that  will  be  further  increased  when  all 
the  windows  shall  have  been  filled  with  stained  glass,  whose  bril- 
liant hues  will  ine\itably  cause  the  frescoes  to  appear,  by  contrast, 
feeble  and  faded,  more  especially  as  the  windows  occupy  so  very 
large  a  proportion  of  surface.  "The  only  remedy  which  is  now  left, 
is  to  moderate  the  scheme  of  colouring  for  the  windows,  by  exe- 
cuting them  nearly  entirely  in  chiaro-scuro,  with  only  a  few  touches 
of  positive  colour  here  and  there.  Yet  even  this  would  be  unsatis- 
factory in  another  respect,  because  such  sparing  application  of 
colour  in  the  glass  would  be  out  of  keeping  with  the  showiness  in 
regard  to  colour  of  much  of  tlie  ornamental  work.  The  fact  is, 
the  decorations  of  the  "  House"  have  been  studied  only  piecemeal, 
and  those  employed  upon  them  have  considered  no  more  than  their 
own  particular  share,  without  at  all  calciilatiug  tlie  general  effect. 
As  far  as  the  frescoes  are  concerned,  it  would  surely  have  been 
easy  enough  to  ascertain  their  effect  beforehand,  by  filling  in  all 
the  six  compaitinents  with  the  cartoons  for  the  respective  subjects. 
Yet,  obvious  and  simple  as  such  mode  of  preparatory  trial  was,  it 
seems,  somehow  or  other — perhaps  owing  to  tlie  fatality  which 
hangs  over  all  our  public  undertakings  in  art- — to  have  been  over- 
looked. Bold  as  it  may  be  thought  to  say  so,  a  determined  system 
of  blundering  seems  to  be  established  for  them.  Certainly  not  the 
slightest  pains  are  taken  to  prevent  blunder,  by  proper  exjieriment 
previous  to  the  work  being  actually  commenced.  On  the  contrary, 
the  chief  precaution  taken  is  to  keep  matters  entirely  in  the  dark, 
until  some  irreparable  mischief  has  been  committed ;  and  the  only 
satisfaction  left  us  is  to  amuse  ourselves  by  wondering  that  they 
should  have  been  managed  so  perversely. 

III.  Of  so-called  religious  subjects  in  painting,  some  are  auda- 
ciously profane,  others  the  most  trivial  in  matter,  and  one  and  all 
equally  fabulous  ;  giving  us  only  the  fancies  of  artists  for  the  re- 
presentations of  historical  e\ents.  Religion  may  have  been  the 
patron  of  art,  but  art  has  been  but  a  very  questionable,  if  not  posi- 
tively treacherous,  ally  to  religion.  It  served  Popery  during  the 
middle  ages,  for  the  impostures  of  the  one  were  in  keeping  with 
the  impostures  of  tlie  other.  But  for  pure  Christianity,  art  can 
do  just  as  much  and  no  more  than  it  can  for  the  advancement  of 
pure  mathematics.  There  is  a  great  deal  of  very  palpable  and 
maudlin  cant  afloat  in  regard  to  religious  art.  Hardly  were  any  of 
the  great  masters  inspired ;  on  the  contrary,  many  of  them  w"ere 
anything  but  exemplary  in  their  lives,  and  exercised  their  pencils 
on  the  lewd  traditions  of  pagan  mythology  with  quite  as  much 
gusto  as  they  did  on  the  traditions  of  the  Church.  Medijeval  art 
has,  besides,  contributed  not  a  little  to  that  fundamental  supersti- 
tion of  popery,  Monolatry,  against  which  worship  of  the  pretendeil 
"  Queen  of  Heaven,"  the  Salic  law  ought  to  be  enforced  amongst 
Catholics. 

IV.  Notwithstanding  their  piddling  and  minikin  pedantry,  ar- 
chitectural writers  are  apt  to  be  exceedingly  careless  in  their  lan- 
guage, frequently  emjiloying  expressions  and  terms  after  a  truly 
nonsenical  fashion.  They  will  speak,  for  instance,  of  an  order  as 
being  "  of  colossal /»-o^jo?'^jo««"  .'  the  proportions  being  all  the  while 
precisely  those  which  are  generally  followed  for  the  particular 
order  in  question.  Of  course,  they  mean  "dimensions"  or  "scale;" 
therefore,  to  use  the  other  term,  betrays  strange  confusion  of  ideas 
and  the  meaning  of  words.  Nothing,  again,  is  more  common  than 
the  truly  barbarous  solecism — one  for  which  a  schoolboy  would  be 
corrected  as  a  dunce— of  employing  the  term  "  Intercolumniation, 
not  in  its  own  proper  sense,  but  in  that  of  "  Intercolumn  ;"  which 
is  nothing  less  than  marring  technical  language,  and  doing  away 
with  those  distinctions  in  it  which  are  essential  to  its  accuracy. 
If  there  be  anything  that  can  excuse  such  a  truly  vulgar  blunder, 
it  is  the  authority  it  receives  from  our  architectural-dictionary- 
raakers,  some  of  whom  among  their  other  qualifications  seem  to 
have  been  totally  ignorant  of  the  languages  from  which  most  of 
the  terms  of  the  art  have  been  borrowed  for  our  own.  The  con- 
founding together  the   terms   "  Intercolumniation"  and   "  Inter- 
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column" — or  rather  the  rejectinn  ot  the  latter  altogethe:*,  notwith- 
•tanding  they  are  (luite  distinct  in  meaiiinf; — is  peculiar  to  Eii;;lish 
writers,  those  of  other  countries  properly  oljservins  the  ilistiuction 
Ijetween  tlieiu.  Just  as  well  initfht  we  use  "  Columniation"  in  the 
sense  of  •■C'olMinn,"  and  speak  of  a  portico  as  consisting  of  so 
manv  coluniuiations,  as  call  "  Intercolumns"  '•  Intercoluniniations" 
— the  latter  term  signifying,  not  the  actual  .v/wccy  hetween  the 
colunms,  but  the  )KOfl!t' <)/' .v/«;c»)j  adopted  for  the  columns.  The 
inaccuracy  of  language  here  con-ected  may  l)e  tln)ught  a  fault  of 
no  consequence;  yet,  as  it  is  just  as  easy,  it  is  surely  just  as  well 
to  employ  terms  correctly  as  not ;  and  tlie  correctness  thus  recom- 
mended is  surely  also  far  less  finical  tlian  that  puerile  affectation  of 
snticiuated  orthography,  which  insists  u])on  a  final  Ic  in  the  word 
••Gothic,"  now  invariably  written  "  Gothick"  by  those  who  pique 
themselves  upon  their  orthodoxy  ;  the  A'  serving  as  a  badge  of  it — 
pcrliaps,  like  otiier  badges,  as  a  substitute  for  it. 

V.  If  Bunning's  design  for  the  new  Coal  Exchange  be  not  wick- 
edly caricatured  in  a  wood-cut  of  it  that  has  been  published,  it 
must  be  a  mortally  ([ueer  one,  still  more  queer  than  the  Gothic 
exhibited  by  him  in  tlie  City  of  London  School,  the  taste  displayed 
in  which  can  be  accounted  for  only  by  supposing  that  Guildhall 
diffuses  an  architectural  malaria  throughout  the  whole  of  that 
neighbourhood — ^a  supposition  rather  confirmed  than  contradicted 
by  the  specimen  of  Italian  at  the  corner  of  King-street. — To  keep 
to  the  Coal  Exchange,  it  seems  the  design  of  some  architectural 
coal-heaver.  I  say  "  seems,"  for  though  it  is  made  to  appear  such, 
it  may  prove  the  contrary  ;  and  that  is  all  the  more  likely  because, 
a.s  has  been  shown,  a  good  deal  in  it  is  utterly  unintelligible.  There 
i.s  room,  therefore,  for  suspecting  that  it  has  been  greatly  misunder- 
stood aud  misrepresented.  According  to  what,  it  is  to  be  Imped, 
is  a  very  gross  caricature,  Mr.  Bunning's  design  is  absolutely  archi- 
tecture run  mad — madder  than  any  of  Borromini's  freaks.  In 
short,  it  is  impossible  to  believe  that  such  extravagant  uncoiithness 
and  unmeaningness  of  forms  as  are  there  exhibited,  will  be  actually 
perpetrated;  therefore  judgment  ought  to  be  suspended  until  the 
work  shall  have  been  executed.  Still,  it  is  difficult  to  conceive  how 
such  a  degree  of  misrepresentation  could  have  occurred.  Surely 
the  wood-cut  in  question  must  either  have  been  taken  from  an  e.x- 
ceedingly  rough  aiul  random  sketch  indeed,  or  have  been  the  work 
of  some  arrant  bungler, 

VI.  A  story  is  told  of  a  lecturer  who  was  cut  short  in  a  long- 
winded  rambling  preamble,  consisting  of  truisms  and  commoii])liice 
dressed  up  in  liigh-tlown  phraseology,  by  one  of  his  auditory 
getting  not  only  impatient,  but  also  getting  up  and  saying  :  ••  You 
win  excuse  the  interruption.  Sir,  but  I  must  ])eseech  you  to  bear  in 
mind  that  we  have  not  come  provided  with  nightcaps  !"  This  sally 
was  succeeded  by  such  a  grand  chorus  of  laughter,  that  before  it 
had  subsided  the  unfortunate  lecturer  had  thought  proper  to  vanish. 
Like  many  other  so-called  anecdotes,  the  above  may  be  pure  in- 
vention, it  being,  perliaps,  too  good  to  he  exactly  true.  Its  mwal, 
Iiowever,  is  a  tolerably  significant  one,  and  deserves  to  be  attended 
to.  If  it  be  not  an  IIibernia:iism  to  call  that  strange  which  is  so 
generally  practised,  it  might  well  be  called  strange  that  so  much 
mere  school-boy  stuff  should  be  served  over  and  over  again  in  lec- 
tures and  written  essays;  sometimes  to  the  exclusion  of  anything 
besides  such  frothy  matter,  it  being  poured  in  so  unsparingly,  that 
there  is  actually  no  room  for  what  would  be  substantial  and  nutri- 
tious. Now,  peo]ile  may  be  excused  for  not  kjiowing  more  than 
wliat  is  already  familiju-  to  every  one  at  all  acquainted  with  the 
sul)ject  professedly  treated  of;  but  there  is  no  occasion  for  tliem  to 
betray  to  others  that  such  is  really  the  case.  It  was  not  very  long 
;igo  that  conversing  with  an  acquaintance  who  had  been  to  hear 
■some  lecture  upon  architecture,  he  told  me  that  little  as  he  himself 
knew  of  the  subject,  he  knew  enough  to  be  able  to  engage  to  pro- 
duce something  infinitely  more  to  the  purjiose  than  what  he  had 
heard,  it  being  utterly  stale,  and  barren  of  the  least  fresh  inf(u-iua- 
tion  ;  much  of  it  consisting  of  mere  meta])hysical  moonshine,  better 
calculated  to  mystify  than  to  enlighten  the  auditory- 

VII.  It  may  fairly  be  questioned  whether  .sculpture  for  the  Jiedi- 
nient  of  the  British  Museum  might  not  just  as  well  be  spared,  in- 
.asmuch  as  such  partial  decoration  will  only  serve  to  render  tlie 
absence  of  ornanu'ut  in  the  rest  of  the  stru('ture  all  the  more  ])ain- 
f'ully  striking.  E\en  without  such  addition  to  the  main  building, 
there  is  a  most  unartistic  want  ot  keeping  between  that  aud  the 
wings, — a  defect  which  it  is  now  so  utterly  beyond  tlie  ])o«er  of 
.any  mere  oruanjentation  to  remedy,  that  it  is  more  likely  to  be  in- 
creased by  attempting  it.  At  jiresent  it  is  not  so  apparent  as  it 
will  be  when  the  old  buildings,  which  serve  in  smne  degree  as  a  foil 
to  the  new  ones,  shall  ha\  e  been  completely  cleiu'ed  away,  and  the 
<iiitire  line  of  the  latter  become  fully  exposed  to  view.  M/hat  >n>^■^ 
of  a  toot  eusemblc  may  easily  enough  be  guessed,  since  it  may  evgu 


now  be  plainly  foreseen.  If  there  be  arty  doubt  at  all  in  regard  to 
it,  it  is  only  because  it  atill  remains  to  he  seen  how  it  is  Intended 
to  inclose  the  court  from  the  street.  Should  it  be  done  bv  any 
such  sort  of  palisading  as  that  before  the  I'ost-office,  the  effect 
will  be  mean  and  tasteless  in  the  extreme.  Whatever  it  is  to  be, 
that  and  the  sentry-boxes  were  probably  not  included  in  the  model, 
which,  it  might  reasonably  he  fancied,  did  not  even  so  much  as  ex- 
liihit  the  wings,  otherwise  their  incongruousness  with  the  central 
structure  could  hardly  have  failed  to  be  noticed  and  objected  to  by 
those  to  whom  the  model  was  submitted — at  any  rate,  if  they  were 
at  all  qualified  for -exercising  any  judgment  in  the  matter.  One 
question  not  wholly  undeserving  deliberate  consideration  there  is 
which  does  not  seem  to  have  occurred  to  any  one,  namely,  whether 
it  would  nut  have  been  more  advisable,  instead  of  adiiering  to  the 
arrangement  of  the  original  edifice,  to  advance  the  new  fajade  up 
to  the  street  or  nearly  so,  thereby  exteruling  the  plan,  by  taking 
in  the  court-yard.  That  would  have  provided  the  accommodation 
that  will  in  a  few  years  be  required,  should  the  collections  continue 
to  iucrease  as  they  hitherto  have  done  Much  available  space  has 
also  been  thrown  away  elsewhere,  since  without  entirely  filling  up 
the  inner  court,  it  was  obviously  practicable  enough  to  occuj)v  a 
portion  of  that  quadrangle  (3)7  and  238  feet)  by  one  or  more 
ground  floor  galleries  within  it,  lighted  from  above,  and  not  so  high 
as  to  obstruct  the  windows  towards  the  court,  which  are  besides  at 
a  considerable  height  from  the  ground.  Or  the  apartments  there 
formed  might  have  been  on  a  somewhat  lower  level  than  the  court 
itself.  It  will,  perhaps,  he  said  that  should  it  be  found  requisite, 
this  may  still  be  done,  but  certainly  not  so  well  as  it  might  have 
been,  had  it  been  j)laiHied  at  first,  since  it  would  call  for  some  alter- 
ations in  what  is  already  built ;  besides  which,  had  it  been  thought 
of  at  first,  the  cost  of  the  inner  facades  of  the  quadrangle  might 
have  been  spared,  since  plain  brick  walls — quite  shut  out  of  view 
as  they  would  have  been — would  have  been  just  as  well  in  such  a 
situation  as  the  present  ones  faced  with  stone.  Even  had  the  court 
been  partly  built  upon  below,  the  upper  part  of  it — that  is,  as  much 
of  its  sides  as  could  be  seen  from  within  thi'ough  the  windows 
might  still  have  been  finished  as  at  present,  with  the  omission  how- 
ever of  the  columns  and  antai,  so  tliat  its  general  ajqiearance  as  so 
viewed  would  have  been  quite  as  satisfactory  as  it  is  now  ;  nor  need 
buildings  within  the  quadrangle  have  been  at  all  visible  from  any 
of  the  surrounding  galleries  or  other  apartments. 

VIII.  The  plan  of  the  National  Gallery  was  in  a  great  measure 
sacrificed  to  the  unlucky  and  obstinately-persisted-in  whim  of  letting 
St.  Martin's  church  be  seen  from  I'ail-Mall  East.  Since  it  has 
been  thrown  open  by  the  removal  of  the  Mews,  that  building,  said 
the  wiseacres,  must  on  no  account  he  shut  out  of  sight  again  as  it 
was  before ;  as  if  such  would  really  have  been  the  case  were  it  not 
visible  from  I'all-Mall  East,  when  it  would  have  shown  itself  as 
well,  or  perhaps  even  better — more  picturesquely  than  it  does  now 
from  Cockspur-street  and  Trafalgar-square.  IJut  for  that  stupid 
whim,  which  prevented  the  architect  from  bringing  his  portico  at 
all  forwarder  than  he  did,  and  also  comj>elled  Inm  to  set  back  the 
extremities  of  bis  fafade  very  considerably,  the  building  might 
have  been  nearly  twice  as  much  in  depth  as  it  now  is,  aud  in  some 
parts  even  more  than  that.  It  must  be  admitted  that  notwithstaud- 
lug  the  disadvantages  forced  upon  him,  W'ilkins  might  have  iir- 
ranged  it  much  better,  there  being  at  present  a  great  deal  of  space 
thrown  away,  that  miglit  by  a  little  contrivance  have  been  turned  to 
good  account.  As  to  the  dome,  I  ha\e  not  a  word  to  say  in  excuse 
of  it,  it  being  so  decidedly  bad.  Excuse  for  \\'ilkins,  upon  the 
whole,  there  is  much,  for  never,  perhaps,  was  architect  more  worried 
and  thwarted  than  he  was  in  that  unfortunate  building. 

IX.  "Eminent"  must  be  an  ejiithet  of  exceedingly  doubtful 
meaning  when  we  find  it  applied  to  an  individual  recently  deceased 
who,  as  an  architect,  was  of  no  note  whatever.  However  eminent 
Mr.  *  *  *  may  have  been  in  the  profes.sion,  he  was  certainly  not 
at  all  eminent  uut  of  it,  his  name  being  totally  unknown  to  the 
public.  Rather  was  he  eminently  obscure,  since  so  far  from  being 
quoted  in  evidence  of  his  talent,  not  a  single  building  by  him  has 
ever  obtained  notice  at  all.  As  a  man,  he  may  luive  lieeu  a  very 
worthy  character;  so  he  miglit,  had  he  been  an  •'eminent  chee.se- 
monger,"  in  which  case  eminence  and  obscurity  might  have  been 
allowed  to  go  hand-in-haud  togetlier.  Truly  grievous  is  it  that 
harmless  nobodies  should  be  so  vilely  daubed  over  as  soon  as  they 
are  dead.  It  looks  too  much  like  ttiauking  them  for  going  out  of 
the  world  and  lca\iiig  their  snug  jilaces  and  aiqiointments  for 
others.  The  professional  life  of  tfie  eminent  arciutect  alluded  to, 
would,  I  fancy,  form  a  more  curious  than  interesting  contiiuution 
to  the  biograpliy  of  artists. 
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BUCKINGHAM  PALACE  AND  THE  MARBLE  ARCH. 

But  one  opinion  has  been  expressed  of  this  unfortunate  Palace, 
for  if  it  finds  favour  at  all  witli  any,  they  have  not  the  courafre  to 
utter  so  mucli  as  a  syllable  in  defence  of  it.  ^Ve  may  accordingly 
spare  oursehes  further  censure  of  what  is  actually  done,  our  pre- 
sent purpose  licing-  to  point  out  what  might  have  been  done,  and 
doubtless  would  ha\e  been,  had  aught  like  due  or  decent  consider- 
ation been  given  to  the  matter,  tije  idea  here  submitted  being  so 
very  obvious  a  one  that  it  is  difficult  to  conceive  how  it  could  have 
by  any  possibility  been  overlooked.  Or  if  it  was  not  overlooked, 
but  purposely  rejected,  it  becomes  desirable  to  know  on  what 
grounds  it  m-hs  set  aside,  since  the  reasons  must  have  been  more 
tlian  ordinarily  cogent  ones  to  lead  to  its  rejection. 

Looking  at  the  Palace  as  it  stood  before  the  alteration  was  com- 
menced, no  one  would  have  ever  imagined  that  the  blocking  it  up 
by  another  building,  merely  in  order  to  obtain  additional  rooms, 
and  thereby  depriving  all  the  original  portion  of  tlie  l)uilding  of 
those  advantages  of  situation  and  prosjiect  which  in  some  degree 
atoned  to  its  occupiers  for  its  architectural  deficiencies,  would  have 
been  resorted  to  without  all  other  expedients  being  first  tried.  The 
preserving  the  same  view  as  before  into  tlie  Park  should  lia\e  l>een 
made  a  sine  qua  non  ;  instead  of  which  Mr.  Blore  seems  to  have  had 
a  caHe  blanche  to  do  just  as  he  pleased,  and  he  seems  to  have  studied 
nothing  more  than  merely  providing  the  extra  accommodation  re- 
quired, in  an  additional  building  merely  tacked  on  to  the  first  one. 
To  say  that  he  at  all  considered  the  circumstances  of  the  ease — the 
opportunity  which  it  held  out  for  architectural  improvement,  would 
be  to  accuse  him  of  downright  incapacity.  The  most  prudent  ex- 
cuse for  him  is  that  he  was  called  upon  so  suddenly  to  prepare  draw- 
ings for  the  purpose,  that  he  had  no  time  to  collect  his  thouglits, 
much  less  any  ideas,  those  which  he  miglit  else  have  had  being  put 
to  flight  by  the  expeditiousness  imposed  upon  him.  Whereas  liad 
he  been  allowed  to  apply  himself  to  the  task  leisurely  and  quietly, 
he  would  have  devised  some  means  of  preserving  the  Marl)le  Arch, 
and  not  only  retaining  it,  but  giving  it  increased  value  and  im- 
portance, as  the  focus  point  of  a  new  facade. 

General,  vague  suggestions  of  this  kind,  it  will  perha])s  be  said, 
are  very  easily  made,  but  we  here  offer  somewhat  more  than  a 
mere  shapeless,  unembodied  idea,  by  showing  in  the  annexed  cut 


how  the  Arch  could  have  been  retained  and  connected  with  the 
advanced  line  of  new  l)uildings.  "VVe  would  have  continued  the 
stylobate  and  order  of  the  Arch  by  two  siveeping  double  colonnades 
(quadrant  in  plan).  This  would  not  only  have  given  gi-eater  privacy 
to  the  court-yard,  the  stylobate  being  'suflSciently  high  to  prevent 
its  being  looked  into,  but  would  also  have  given  it  gi-eater  apparent 
space  than  before,  when  that  space  was  so  indistinctly  defined  by 
the  palisading,  that  as  seen  from  the  Palace  the  Arch  appeared  to 
stand  as  quite  a  distinct  and  insiJated  oliject  in  the  Park.  Ac- 
cording to  the  plan  here  shown,  it  would,  on  the  contrary,  ii.'^O"" 
nection  with  the  colonnades  attached  to  it,  have  formed  a  highly 
scenic  piece  of  architecture,  full  of  play  of  light  and  shade  and  per- 
spective effect,  and  admitting  a  view  of  the  landscape  scenery  in 
the  Park  in  the  background.  As  an  embellishment  to  the  court 
there  might  have  been  parterres  in  the  quadrant  portions  of  it, 


with  a  fountain  in  the  centre  of  each  quadrant.  To  specify  other 
matters  of  decoration  not  indicated  in  the  plan — statues  and  can- 
delabra for  gas-burners  placed  alternately  in  the  intercolumns  of  the 
colonnades,  and  a  colossal  sitting  figure  of  Britannia  on  the  summit 
of  tlie  Arch,  giving  to  the  latter  wliat  it  has  all  along  wanted,  a 
pyramidal  teimination  to  its  mass,  would  have  produced  a  more 
than  ordinarily  striking  architectural  picture,  wliether  viewed  Irom 
the  Palace  or  the  Park.  As  seen  from  tlie  latter,  it  would  have 
been  a  sufficiently  effectual  screen  to  the  buildings  within  the  court, 
and  after  the  sun  liad  passed  off  from  the  east  side  of  the  Palace, 
would  Iiave  been  continually  lighted  up  bv  its  ravs  striking  upon 
some  of  the  columns  during  the  whole  day'.  In  combination  with 
additional  buildings  carried  out  to  the'  riglit  and  left  in  ex- 
tension of  the  original  wings,  such  a  cohmnaded  centre  might  have 
been  made  to  produce  a  facade  not  at  all  inferior  to,  perha])s  even 
more  picturesque,  than  tliat  of  any  otlier  royal  palace  in  Europe ; 
whereas  now — but  we  can  hardly  speak  witli  decent  patience 
of  the  miserable  and  truly  contemptible  abortion  which  Blore 
has  perpetrated,  both  tolas  own  disgrace,  and  the  disgrace  of  those 
who  employed  liim.  Had  such  a  design  for  enlarging  the  Palace 
been  sanctioned  by  AV^iUiam  IV.,  though  our  mortification  would 
have  been  the  same,  our  surprise  would  Iiave  been  considerably 
less.  His  taste  and  feeling  for  art  never  extended  beyond  the 
figure-head  of  a  ship.  That  it  should  have  been  ))erpetrated  under 
the  auspices — at  least  under  the  very  nose  of  a  Prince  who  affects 
the  character  of  a  connoisseur  and  patron  of  art,  fills  us  not  only 
with  astonishment,  but  dismay.  \\  e  account  for  it  only  by  sup- 
posing that  he  was  overruled  in  the  matter,  he  being  no  more  than 
Prince  Consort. 

To  show,  as  we  have,  what  might  ha\e  been  done,  when  tlie  op- 
portunity for  doing  it  has  passed  away,  may  seem  ungracious.  Our 
reply  is,  it  is  no  fault  of  ours  that  the  op])o"rtunity  was  not  afforded 
us,  and  not  ourselves  alone,  but  others  also  perhaps  far  more  able, 
of  making  suggestions  at  a  time  when  advantage  might  have  been 
taken  of  them.  At  any  rate,  we  hope  that  Buckingham  Palace  will 
now  prove  an  eflScaeious  lesson  for  the  future  ;  and  it  is  also  some 
consolation  to  find  that  it  is  not  only  poor,  but  so  desperately  bad, 
that  there  is  very  little  danger  of  its  corrupting  puiilic  taste,  be- 
cause it  will  be  now  more  mocked,  and  more  an  oliject  of  general 
derision  tlian  ever.  Admiration  it  will  excite  none  whatever,  that's 
certain;  but  then  it  is  equally  certain  that  it  will  excite  a  vast  deal 
ot  astonisliment.  It  will  completely  astonish  the  natives,  and  aU 
foreigners  into  the  bargain. 

As  the  Marble  Arch — which  niiglit  have  been  so  easily  retained, 
and  not  only  retained  but  greatly  "improved,  and  made  the  nucleus 
of  an  extended  piece  of  decoration  in  the  foreground  of  an  extende<l 
line  of  fa^ade^is  to  be  taken  down,  tlie  question  now  is,  is  it  to  be 
destroyed,  or  re-erected  on  some  other  spot }  Nobody  except  those 
actually  in  the  secret,  knows;  though  why  it  shou'ld  be  made  a 
secret  at  all  nobody  can  tell,  unless  it  be  because  tlie  intention  in 
regard  to  it  is  so  preposterous  that  were  it  divulged  it  would  excite 
strong  opposition.  Our  idea  is  that  the  street  front  of  tlie  Horse 
Guards  would  be  a  very  suitable  situation  for  it.  It  would  there 
fill  up  w  hat  is  now  too  much  of  a  gap,  and  the  two  smaller  arches 
would  serve  admirable  as  the  recesses  for  the  sentinels  on  horse- 
back. It  has,  indeed,  been  rumoured  tliat  both  the  Horse  Guards 
and  Admiraltj'  are  to  undergo  architectural  transformation  by  Mr. 
Barry.  But  instead  of  that  interposing  any  obstacle,  it  would 
rather  facilitate  such  aiqjlication  of  the  arch,  since  Barry  would 
only  have  to  bring  it  into  his  design,  and  treat  tlie  rest  of  the  com- 
position in  accordance  with  sucli  feature. 


BUCKINGHAM  PALACE. 

Sir — It  seems  not  a  little  singular  that  none  of  the  critics  who 
are  disposed  to  animadvert  in  such  severe  terms  on  the  new  front 
of  Buckingham  Palace,  not  even  your  lynx-eyed  "Candidus"  him- 
self, sliould  have  discovered  that  it  is  only  a  reduced  copy  (about 
two-fifths  in  length)  of  the  Palace  at  Caserta  ;  so  that  the  faults 
or  merits,  be  they  which  they  may,  are  not  Mr.  Blore's,  but  Vanvi- 
tetti's.  In  proof  of  which,  1  beg  your  acceptance  of  tracings  of 
the  perspective  view  of  the  front  and  of  the  plan,  after  Vasi. 

It  is  to  be  feared  that  the  imitation  will  be  confined  to  the  part 
of  Vanvitetti's  design  upon  which  he  appears  to  have  bestowed  the 
least  pains,  that  is  the  outside,  and  that  there  are  but  faint  hopes 
of  an  equal  imitation  of  the  splendid  staircase  and  vestibule. 

Vasi  states  the  length  of  the  north  and  south  fronts  of  Caserta 
to  be  918  palms  (Neapolitan,  I  presume),  which,  at  lOg  inchesj 
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would  dive  fi73  ft.  10  in.  for  tlie  length  of  tlip  front.  The  east  and 
west  fronts,  by  the  s:iine  reckoninjr,  would  he  (ilS  ft.  10  in. ;  and, 
as  the  lenjjth  of  Uuckinirhuni  Palace  is  stated  in  the  ./'(«)•»«/ at 
.S50  feet,  the  proportion  is  exartly  two-tifths.  The  height  of 
Caserta  is  120  feet ;  of  Buckiiiifham  Palace,  77  feet. 

I  visited  Caserta  thirty  years  ajjo,  in  company  with  Mr.  Woods 
and  M.  Soiss,  the  eminent  Belgian  architect,  and  the  notes  of  that 
day  are  now  before  me. 

"The  central  passage  or  vestibule  leading  from  the  entrance  is 
2i  feet  wide,  and  2t  feet  high  to  the  springing  of  the  semicircular 
vault.  The  steps  of  the  middle  Hight  of  tlie  stairs  are  2'2  feet 
long,  and  the  two  return  flights  each  14  feet  long  (100  steps  in  all), 
and  are  of  white  and  reddish  variegated  marble  :  there  are  statues, 
trophies,  &c.  The  vestibule  above  is  handsome,  hut  (in  my  eyes 
at  that  time)  in  bad  style.  The  chapel  (which  is  opposite  to  the 
staircase)  has  coupled  columns,  of  Sicilian  marble.  The  lower 
part  of  the  chapel  is  lined  with  slabs  cut  from  the  Giallo  Antico 
columns,  removed  from  Purruoli,"  &c.  &c. 

Let  Mr.  Blore  give  to  the  Palace  a  staircase  at  all  resembling 
this,  and  the  world  will  forgive  him  the  faults  of  his  front  ;  many 
f>[  which  have,  no  doubt,  been  forced  upon  him,  as  ujjon  his  great 
predecessor,  by  the  necessity  of  providing  accommodation  for  so 
many  people. 

I  have  read  Mr.  Elmes's  Epitome  of  the  Lives  of  English  Archi- 
tects with  great  satisfaction,  and  beg  to  expi-ess  my  hope  that  he 
will  carry  out  his  "  present  intention"  without  delay.  I  would  take 
the  further  liberty  of  suggesting  to  him  that  the  illustrations  he 
promises  ought  to  consist  mainly  of  unedited  specimens,  or  at  least 
of  those  of  which  the  engravings  are  least  accessible,  or  the  works 
containing  them  least  known.  A  list,  referring  to  the  books  in 
which  the  most  meritorious  of  each  architect's  productions  are  to 
be  found,  would  l>e  very  valuable. 

It  should  be  remembered  that  size  is  not  the  criterion  of  merit. 
How  many  of  us  country  architects  are  forced  to  take  the  counsel 
of  our  excellent  frienil,  Percier,  and  in  despair  of  executing  large 
works,  to  bestow  greater  care  upon  lesser  ones  .'' 
I  am,  &c., 

Voric,  Dec.  13,  18t7.  Robert  Sharp,  Architect. 


COWPER'S  INVERTED  ARCH  BRIDGE. 

Sin — In  reflecting  on  the  construction  of  Mr.  Cowper's  bridge,  I 
think  it  is  interesting  to  notice  that  the  boiler  plates  are  rivetted 
together,  so  that  the  pressure  on  the  piers  and  abutments  must  now 
be  vertical  instead  of  oblique,  as  in  the  common  suspension  bridge. 

Hence,  then,  in  principle  it  may  be  said  to  coincide  with  the 
(u-dinary  girder  bridge,  but  its  alteration  in  form  suggests  an  im- 
]iortant  advantage,  which  it  possesses ;  for,  in  the  girder  bridge 
(and  especially  when  dealing  with  long  bearings),  there  must 
always  be  this  objection,  viz.,  that  by  reason  of  the  gravity  of  the 
material  itself,  independently  of  any  additional  influence  of  a  load 
placed  upon  it,  it  is  constantly  tending  to  assume  a  curved  form, 
and  such  curved  form  not  being  the  natural  position  of  its  particles, 
it  is  constantly  tending  to  rupture ;  but  in  the  "  inverted  arch 
bridge"  the  material  is  thrown  into  that  form  (or  nearly  so)  which 
it  would  take  if  perfectly  fte.rihlc,  and  then  is  made  perfectly  rigid. 
So  that,  as  regards  its  own  gravity,  there  is  no  further  alteration 
of  form,  of  any  practical  importance,  to  be  apprehended. 

With  regard  to  the  alteration  of  form  which  might  result  from  a 
load  being  put  upon  it,  Mr.  Cowper  has  already  pointed  out  the 
j)reventivc  measure,  viz.,  the  giving  to  the  vertical  dimension  of 
the  plate  such  a  magnitude  as  to  bring  the  line  of  strain  within 
the  plates. 

I  think  the  name  might  have  been  more  aptly  chosen  :  "Inverted 
arch"  is  suggestive  only  of  form,  and  not  of  principle,  and  might 
(it  seems  to  me)  with  eijual  projjriety  he  applied  to  the  ordinary 
suspension  bridge.  I  am,  &c., 

G.  W.  Richard. 

*,,*  It  is  not  cl^-ar  that  it  would  be  practicable  to  make  the 
'■  inverted  arch  bri<lge"  so  rigid  as  to  exert  only  vertical  pressures 
on  the  abutments,  and  to  act  as  a  curved  girder. 

Suppose  its  span  200  feet  and  dejjth  I  feet,  and  that  a  weight  of 
:iO  tons  (engine  and  tender)  rests  at  its  centre.  Then,  by  the 
ordinary  ))rinciples  of  statics  which  apply  to  girders,  we  may  easily 
find  the  horizontal  strains  of  tension  and  com]iression  which  this 
weight  alone  produces  at  the  centre.  Considering  the  half-structure 
as  a  separate  statical  system,  the  forces  acting  upon  it  have  equal 
moments  about  the  jioint  of  sn])port  in  the  abutment :  or  half 
the  weight  X  the  half-span  =  the  moment  of  the  couple  of  tension 


and  compression  created  at  the  centre  of  the  bridge.  The  length  of 
the  arm  of  couple  is  indeterminate,  but  (since  the  total  depth  is 
■1  feet)  it  is  a  favoural)le  supposition  to  take  it  at  3  feet.  Hence, 
calling  the  horizontal  strain  P,  we  have 

P  X  3  =  15  X  100,  or  P  =  500  tons ! 

The  metal  must  he  tolerably  thick  to  resist  five  hundred  tons 
pressure  on  the  upper,  and  tension  on  the  lower,  side  of  the  bridge 
at  its  centre!  This  dithculty  is  formidable  enough  when  the  struc- 
ture is  considered  as  all  one  piece,  liut  becomes  insuperable  when 
the  efl'ect  of  joints  is  taken  into  account.  It  is  not  to  be  overcome 
by  any  system  of  rivetting  and  dove-tailing,  however  intricate. 

Though  it  be  easy  to  calculate  the  amount  of  the  horizontal 
strains  at  the  centre  of  the  curved  beam,  it  is  not  easy  to  estimate  the 
sectional  or  transverse  dimensions  necessary  to  resist  those  strains; 
for  our  knowledge  of  the  transverse  strength  of  wrought-iron  is 
much  less  than  of  cast-iron.  Some  idea  may,  however,  be  (dttained 
from  analogy.  The  "inverted  arch,"  if  it  sustains  itself  by  its 
rigidity  as  a  girder,  may,  for  all  purposes  of  calculating  the  strength 
at  its  centre,  be  considered  as  a  horizontal  beam  200  feet  long  and 
4  feet  deep,  with  an  effective  width  of  1  foot  to  1  foot  6  inches  at 
the  utmost.  Now,  the  proposed  Menai  tubular  bridge  will  be  450 
feet  long,  but  its  de])th  will  be  thirtg  feet,  and  width  fifteen  feet : 
also  its  upper  and  lower  sides  will  be  composed  of  several  thick- 
nesses of  metal,  as  the  former  will  consist  of  two,  and  the  latter  of 
one,  series  of  cellular  compartments.  The  analogy  between  the 
Menai  bridge  and  the  inverted  arch  is  complete  in  several  respects : 
both  are  tubular,  both  are  to  be  composed  of  rivetted  wrought-iron 
plates,  and  both  are  designed  for  railway  traffic.  The  sectional 
dimensions  of  the  Menai  bridge  are  suggested  by  actual  experi- 
ment, and  are  never  considered  too  great.  Is  it  not,  therefore, 
abundantly  evident  that  a  beam  of  |ths  the  span  of  the  Alenai  tube, 
hut  with  only  an  eighth  or  twelfth  its  depth  and  width,  ivould  not 
be  rigid  enough  to  sustain  itself  as  a  beam .' 

If  suspended  from,  instead  of  resting  upon,  the  abutments,  it 
might  perhaps  be  prevented  from  actually  falling,  but  it  would 
certainly  bend.  If  the  point  of  suspension  he  supposed  to  be  at 
the  upper  edge  of  the  end  of  tlie  beam,  the  transverse  strains  of 
deflection  will  be  somewhat  reduced  by  the  curvature  of  the  beam; 
but  it  would  be  difficult  to  show  that  this  advantage  would  not  be 
far  more  than  compensated  for  by  the  increase  of  length,  and  there- 
fore of  material,  wliich  the  curvature  renders  necessai-y. 

It  is  important  to  remark,  that  if  the  only  requisite.i'or  security 
were  that  the  depth  of  the  chain  should  "include  any  alteration  in 
the  curve  of  the  strain,"  that  depth  should  not  be  uniformly  i  feet. 
It  should  be  nothing  at  the  centre  of  the  span  and  the  point  of  sus- 
pension, and  gradually  increase  up  to  some  intermediate  part.  The 
highest  and  lowest  points  of  a  catenary  may  be  always  chosen 
arbitrai'ily. 

The  argument  that  the  chain  would  not  be  distorted  because  it 
is  "of  such  depth  as  to  include  any  alteration  in  the  curve,"  is 
vague  and  inconclusive.  It  certainly  cannot  stand  ground  against 
deductions  from  the  fundamental  equations  of  statical  equilibrium. 
The  reasoning  given  above  is  a  simple,  ordinary  application  of  the 
elementary  principles  of  mechanics  ;  these  are  not  to  be  opposed 
by  a  mere  hypothesis,  which  is  too  subtle  to  be  made  the  suliject  of 
rigid  investigation.  All  that  can  he  said  of  this  hypothesis  is,  that 
it  is  not  neces.mrily  true.  A  number  of  independent  chains  might 
be  hung  from  the  abutments,  and  to  each  might  be  given  that  form 
which  it  would,  if  perfectly  free,  assume  of  itself  when  the  load 
at  some  particular  stage  of  its  transit  hung  from  that  chain. alone. 
Then  it  is  clear  that,  while  no  connection  existed  among  the  se- 
veral chains,  the  load  acting  on  each  in  succession  would  not  tend 
to  distort  any  of  them,  i.  e.  would  not  produce  transverse  strains. 
But  it  does  not  follow  that  this  would  be  the  case  when  all  the 
chains  were  bound  up  together  in  one  connected  mass. 

The  "  inverted  arch  bridge"  does  not  seem  to  be  an  advantageous 
compromise  between  the  principle  of  the  girder  and  the  suspen- 
sion chain.  An  intermediate  condition  misses  the  advantages  of 
both  those  structures :  for  if  the  inverted  arcli  be  only  partially 
rigid  it  is  subject  to  needless  and  prejudicial  transverse'strains; — 
if  it  be  as  rigid  as  a  girder,  why  unnecessarily  increase  its  length 
by  curving  it.?  The  idea  of  our  correspondent  that  the  curvature 
obviates  its  tendency  to  deflect  by  its  own  weight,  seems  to  us  un- 
founded ;  for  however  much  the  structure  was  bent  when  lirst 
put'  up,  it  would  tend  to  bend  still  more  when  its  ends  merely 
rested  upon  the  abutments.  We  cannot  positively  undertake  to 
assert  that  the  suspension  of  a  curved  beam  has  no  peculiar  advan- 
tages ;  hut  they  have  not  yet  been  pointed  out,  and  we  are  unable 
to  discern  them. — Editois. 
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ELECTRIC  TELEGRAPHS. 

It  is  extraordinary  that  we  should  ha\e  liad  to  wait  so  long  for 
the  introduction  of  a  system  of  electric  telej^raphs,  seeing  that  a 
century  ago  it  was  known  that  the  electric  fluid  could  be  sent 
through  a  coil  of  wire  two  miles  long,  as  was  done  in  the  experi- 
ments at  Hanipstead,  while  a  coil  had  also  been  carried  across  the 
Thames.  Papin,  too,  in  the  beginning  of  the  last  century,  had 
sought  a  means  of  communicating  power  and  motion  to  a  distance. 
Had,  however,  such  a  means  of  c(mimunication  as  that  by  the  elec- 
tric telegraph  been  adopted,  it  would  have  languished  in  the  then 
state  of  the  roads,  and  the  then  state  of  society,  for  it  would  not 
have  answered  commercially,  and  its  failure  might  have  been  most 
prejudicial.  It  has  been  reserved  for  our  day  to  apply  this  inven- 
tion, and  to  give  one  to  the  many  characteristics  which  make  it 
an  era  of  progress.  Beside  the  locomotive,  the  steamship,  and  the 
daguerreotype,  the  electric  telegi-aph  may  take  its  place  ;  and  the 
day  is  perhaps  not  very  distant,  when  our  furthest  islands  will  by 
the  telegraph  be  brought  under  our  immediate  rule. 

Having  been  among  the  first  in  the  field,  and  having  by  the 
Slough  line  proved  the  practicability  of  the  system,  we  have  allowed 
the  Americans  to  get  in  advance  ot  us,  for  they  had  in  18i6  sixteen 
hundred  miles  in  practical  commercial  working,  w  bile  we  can  hardly 
be  said,  even  at  present,  to  have  any  great  extent  of  telegraph  in 
use,  although  we  have  a  great  length  laid  down.  Next  year  will 
redeem  us  from  this  charge,  for  we  shall  have  two  thousand  five 
huiulred  miles,  but  it  will  not  exculpate  the  government  for  having 
60  long  neglected  this  admirable  invention.  It  is  some  comfort 
that  we  are  ahead  of  France  and  all  the  European  kingdoms.  In 
the  want  of  machinery  for  exteiuling  electric  telegraphs  we  have  to 
regret  the  neglect  of  the  government  in  withholding  the  introduc- 
tion of  railways  in  India,  where  the  telegrajdi  would  be  invaluable 
in  governing  territories  so  vast,  and  where  the  number  of  English 
functionaries  is  unhappily  limited. 

We  have  now  arrived  at  an  era  in  the  telegraph,  for  at  the  date 
of  this  jniblication,  the  metropolis  has  been  brought  into  imme- 
diate communication  with  Liverpool,  Manchester,  and  many  of 
the  great  centres  of  trade  and  manufactures.  The  Electric 
Telegraph  Company  ha\e  brought  their  ojierations  to  that  stage 
that  they  can  convey  intelligence  to  sixty  great  towns,  and  this 
seems  an  appropriate  time  for  laying  some  account  of  their  pro- 
ceedings before  the  public,  the  more  so  as  the  full  efl'ect  of  this  ad- 
mirable invention  does  not  seem  to  be  so  well  appreciated  as  it 
might  be  in  comparison  with  its  vast  capabilities,  and  the  influence 
which  it  will  exercise  upon  every  class  of  the  community,  both 
morally  and  physically. 

The  operations  may  be  considered  as  having  begun  with  Mr. 
Cooke  and  Professor  Wheatstone,  who,  after  labouring  singly  for 
some  time,  in  1837  took  out  their  first  patent.  It  is  understood 
that  Professor  Wheatstone  applied  himself  more  to  the  purer  philo- 
sophical experiments,  and  that  Mr.  Cooke  has  taken  charge  of  the 
practical  detail,  and  at  last  brought  the  invention  to  its  present 
bearing.  We  say  nothing  of  other  parties  who  have  laboured  on 
this  subject,  for  our  business  is  now  with  the  Electric  Telegraph 
Company.  Soon  after  Messrs.  Cooke  and  AVheatstone  took  out 
their  patent,  they  laid  down  a  line  nineteen  miles  long  on  the  Great 
Western  railway,  between  London  and  Slough,  the  working  of 
which  was  most  successful,  although  of  course  it  did  not  satisfy 
those  who  thought  the  system  might  fail  if  extended  to  Liverpool  or 
York.  It  took  many  years  to  urge  the  system  forward,  and  it  was 
not  till  18+6  that  a  company  was  incorporated,  called  the  Electric 
Telegraph  Company,  for  carrying  it  out  on  a  large  scale.  Con- 
tracts had  however  been  made,  and  works  carried  on,  so  that  before 
the  act  of  incorporation  the  company  was  already  in  activity,  and 
had  by  the  end  of  184-6  laid  down  1000  miles  of  telegraph.  At  the 
same  date  Professor  Morse,  in  America,  had  laid  down  1600  miles. 
The  system  has  been  chiefly  carried  out  in  connection  with  rail- 
ways, because  the  value  of  the  telegraph  to  the  railway  companies 
has  induced  the  latter  to  adopt  it,  and  to  make  advantageous  ar- 
rangements for  laying  it  down.  The  years  1846  and  1847  have 
therefore  been  chiefly  employed  in  laying  down  the  wires,  and  their 
working  on  a  large  scale  has  been  retarded  until  now  by  the  non- 
completrion  of  the  wire  between  London  and  Rugby,  on  the  North 
W^estern  railway.  On  the  13tb  November  this  link  was  completed, 
and  the  London  prices  were  at  once  conveyed  to  Manches- 
ter. The  new  metropolitan  station  has  likewise  been  partially 
opened,  and  by  the  new  year  the  whole  plan  will  be  in  full  opera- 
tion. During  the  present  year  the  metropolitan  station  has  been 
in  the  Strand,  and  the  working  has  been  chiefly  for  government 
purposes   along   the    South  Western   line   to   Gosport,   although 


latterly  much  general  business  has  been  transacted.  The  organi- 
zation of  a  new  system  has  called  for  the  exercise  of  much  labour 
and  ingenuity  in  tlie  engineering  and  the  signals  departments,  the 
principal  officers  of  which  are  Mr.  Hatcher,  recently  of  King's  Col- 
lege, and  Mr.  A\'hishaw,  author  of  tlie  "  Railways  of  Great  Britain,' 
and  the  inventor  of  the  hydraulic  telegraph.  In  the  standard  work 
on  the  "  Railways  of  Great  Britain,"  Mr.  ^Vhishaw  proposed  uni- 
formity of  railway  time,  and  a  mode  of  communication  between 
guard  and  driver,  which  with  many  other  practical  suggestions  are 
now  carried  out.  At  a  given  time  every  morning  a  signal  will 
he  made  from  the  central  station,  and  the  needle  will  be  brought 
to  the  vertical  indicating  Greenwich  mean  time,  by  which  all  the 
telegraph  clocks  will  be  set.  As  this  arrangement,  most  im- 
portant to  travellers,  w  ill  now  be  carried  out  over  the  country,  we 
may  observe  that  local  clocks  and  watches  can  be  made  with  a 
double  minute-hand,  so  as  to  show  local  time  and  mean  time.  Al- 
though much  controversy  has  been  raised  about  mean  time,  and 
many  eminent  men  have  opposed  it,  it  has  received  the  sanction 
of  the  astronomer-royal,  h  ho  has  proposed  the  adoption  of  it  for  the 
great  clock  at  the  palace  of  Westminster,  which  is  to  be  set  by 
electric  telegraph  from  GreenM  ich.  The  system  of  codes  adopted 
by  the  Electric  Telegraph  Company,  has  been,  we  believe,  entirely 
constructed  and  arranged  by  the  same  gentleman.  On  account  of 
the  extent  of  the  operations  of  the  comjiany  a  great  many  mechanics 
have  been  employed  in  making  the  various  apparatus  and  in  laying 
do«  n  the  wires,  and  many  works  of  great  nicety  in  their  execution 
have  been  carried  out. 

The  ccmipany  is  not  restricted  to  Messrs.  Cooke  and  Wheat- 
stone's  patents,  but  has  power  to  avail  itself  of  all  inventions  in 
which  electric  power  is  used.  They  have  therefore  purchased  many 
patents  and  inventions,  among  the  chief  of  which  maybe  mentioned 
Bain's  electrical  clock,  an  invention,  the  full  value  of  which  is  far 
from  being  known.  At  the  offices  in  the  Strand  is  a  model-room, 
w  hich  contains  a  large  collection  of  telegraphs  of  various  construc- 
tion, and  of  clocks.  This  model-room  does  great  ci-edit  to  the  com- 
pany, and  is  a  museum  of  great  value  to  the  practical  man.  It 
will  be  recollected  that  at  Sir  John  Rennie's  conversaziones  in  the 
spring,  among  the  many  novelties  which  the  learned  president 
bi'ought  before  his  guests,  was  a  collection  of  telegraph  apparatus. 
This  was  contributed  by  the  Electric  Telegraph  Company,  and 
formed  not  the  least  interesting  contribution  to  the  temporary  mu- 
seum in  W^hiteball  Place. 

In  the  model-room  in  the  Strand,  the  collection  in  v\hich  will, 
we  presume,  be  removed  to  the  city,  there  is  ex-ery  thing  neces- 
sary to  illustrate  the  subject,  though  of  course  it  does  not  contain 
every  telegraphic  invention.  Several  apparatus  shoiv  the  improve- 
ments which  have  been  gradually  made  in  the  needle  instrument, 
so  as  to  make  it  capable  of  working.  Two  ingenious  telegraphs 
communicate  by  sound.  One  of  these,  the  invention  of  Professor 
Wheatstone,  strikes  two  bells  of  dissimilar  sound,  the  combination 
of  the  two  producing  the  letters,  as  in  the  double  needle  telegraph. 
Another,  the  discovery  of  a  workman,  gives  a  humming  noise  from 
a  wire.  The  efl'ect  is  singular,  and  was  a  chance  discovery.  At 
present  it  is  of  no  moment,  but  the  preservation  of  a  model  by  the 
company  serves  to  encourage  the  spirit  of  discovery,  while  what  is 
now  merely  trivial  may  become  the  germ  of  a  valuable  ajiplication. 
It  is  deserving  of  note  that  already  the  officers  and  ivorkmen  em- 
ployed on  telegraphs  li;i,ve  been  the  means  of  making  many  useful 
suggestions,  and  we  ma)'  anticipate  the  best  results  from  an  energetic 
body  of  employees,  if  the  company  are  liberal.  Notwithstanding 
all  that  has  been  said  about  railway  impro\ements,  it  is  well  known 
to  practical  men  that  \ery  great  improvements  have  been  efl^ected 
by  railway  officers,  and  that  a  large  amount  of  talent  is  constantly 
and  energetically  directed  to  the  perfection  of  the  system.  The 
names  of  George  and  Robert  Stephenson,  Brunei,  Braithwaite, 
Booth,  Gooch,  Gray,  Edmonson,  are  only  a  few  as  a  s])ecimen  of 
those  who  have  contributed  to  the  practical  improvement  of  rail- 
ways. In  a  few  years  the  Electric  Telegraph  officers  will,  we 
hope,  have  given  equal  proofs  of  zeal  and  ingenuity. 

The  printing  telegraphs  in  the  model-room  are  illustrated  by 
several  apparatus  of  various  forms,  some  for  printing  by  letters, 
and  others  by  signs.  The  company  make  use  at  their  stations  of 
the  needle  telegraph,  but  as  the  working  of  this  is  doubtful,  and 
other  telegraphs  move  quicker,  it  is  quite  open  to  them  to  change 
their  instruments,  as  they  have  the  wires  laid  down,  and  the  wires 
are  used  under  whatever  system.  AVhile  adverting  to  printing 
telegraphs,  which  print  their  message  in  black,  we  may  observe 
that  it  is  perfectly  competent  to  make  a  telegraph  which  shall  use 
diflerent  colours,  and  indeed  a  mode  of  shading  was  long  ago  sug- 
gested by  Mr.  Hyde  Clarke. 

The  business  of  the  company  in  electric  clocks  will  no  doubt  be 
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very  lar^re  in  the  end,  as  they  admit  of  such  useful  application  in  i 
piililic  and  jjrivate  estahlisliinents.  In  tlie  eourse  of  a  short  time  ' 
111)  piihlic  ortiee  will  he  witliout  a  clock  dial  in  every  department, 
and  wlien  tlie  example  has  heen  set  wide  enouj^h  there  will  he  i'ew 
private  houses  without  a  dial  in  every  room.  It  is  a  small  tliin};, 
hut  it  is  no  mean  thin;;  to  increase  hrdjits  of  jiunctuality  in  a  popu- 
lation. Those  wlu)  have  noticed  in  fiu-eifin  countries  the  disreu:ard 
of  tlie  value  of  time  amonf>-  uiienterprisinf>-  jiojiulatioMs,  know  the 
wortli  of  our  f^reater  luxury  in  time-pieces.  The  Electric  Tele- 
frraph  Company,  liowever,  will  be  satisfied  with  tlie  pecuniary 
result,  witliout' seeking;  further  as  to  the  puhlic  l)enelit  they  may 
effect.  Tlie  ])rice  of  a  clock  is  at  present  of  course  ratlier  liif^h, 
namely,  sixteen  guineas,  and  of  companion  clocks,  ten  ffnineas 
each.  A  great  olijection  to  electric  clocks  at  present  is,  that  de- 
jiending-  on  the  electric  currents  of  tlie  earth  or  on  a  battery,  their 
regularity  cannot  be  depended  upon. 

The  metropolitan  station,  designed  by  JMr.  Hunt,  is  very  well 
situated.  It  occupies  what  was  lately  Founders'  Hall  and  the  ad- 
jacent premises,  liaving  entrances  in  Lothbury  from  Founders'  Hall- 
court,  and  in  Moorgate-street.  The  doorway  in  Founders'  Hall- 
court  is  handsomely  carved  in  stone,  and  thiuigh  small  makes  a  good 
fa.ade.  Tlie  central  hall  or  counting  house  is  one  of  the  hand- 
somest works  lately  executed.  This  station  is  within  a  few  minutes' 
walk  of  tlie  Bank,  Stock  Excliange,  Royal  Exchange,  Lloyd's, 
the  joint  stock  and  private  banks,  assurance  offices,  in  the  heart  ot 
business,  and  not  far  from  the  Corn  Exchange,  Commercial  Rooms, 
L^oal  Exchange,  and  the  seat  of  the  Manchester  warehouses  and 
colonial  produ(-e  warelunises.  The  newspaper  offices  are  further 
removed,  hut  in  the  end  means  will  he  found  of  accommodating 
this  class.  The  government  offices,  houses  of  parliament,  courts 
of  law,  and  places  of  west-end  business  are  also  at  a  distance,  but 
the  city  is  tlie  district  which  will  pay  best,  and  it  is  impossible  to 
provide  for  all  at  once.  So  far  as  tlie  city  office  is  concerned,  the 
judgment  of  the  managers  has  been  well  shown  in  its  selection. 

The  principle  of  Cooke  and  AFheatstone's  telegraph  is  founded 
on  tlie  discovery  of  Professor  (Ersted  in  1819,  that  a  magnetised 
needle  has  a  tendency  to  i>lace  itself  at  right  angles  to  a  wire  along 
which  a  current  of  electricity  is  passing.  By  the  movements  of 
such  a  needle  on  a  dial  an  alphabet  is  formed,  which  serves  as  the 
means  of  communicating  messages. 

In  the  other  forms  of  telegraph  a  disc  is  made  to  rotate,  bearing 
on  it  letters  or  signs,  and  this  is  effected  in  virtue  of  tlie  property 
soft  iron  has  of  becoming  temporarily  magnetised  by  an  electric 
current  being  passed  along  a  wii-e  coiled  in  a  spiral  around  it.  The 
same  principle  is  adopted  in  all  tlie  apparatus  for  ringing  the 
alarum  in  order  to  give  notice  that  the  telegraph  is  in  action.  It 
is  to  be  observed  that  the  telegraphs  in  the  United  States,  France, 
and  Prussia,  are  on  the  disc  system  ;  in  Baden  Highton's  telegraph 
has  been  used.  Most  of  the  telegraphs  in  England  are  needle  tele- 
gra])hs,  that  on  the  Smith  Devon  is  a  disc  telegraph,  and  that  iu 
the  Box  Tunnel  on  Nott  and  Gamble's  plan. 

The  disc  telegraphs  are  wm-ked  either  by  the  voltaic  battery 
or  the  magneto-electric  machine,  power  being  derived  from  a 
permanent  magnet.  With  these  telegraphs,  two  wires  only  are 
necessary,  one  for  the  telegraph  and  one  for  the  alarum  ;  but  the 
needle  telegraphs,  for  commercial  purposes,  require  three  wires, 
two  needle-wires  for  the  telegraph  and  one  wire  for  the  alarum. 

As  now  laid  by  the  Electric  Telegraph  Company,  on  their  best 
system,  two  wires  are  employed  for  each  principal  statimi,  the 
wires  used  being  of  iron,  of  No.  8  gage,  and  one-sixth  of  an  inch 
diameter.  These  are  galvanised,  and  come  very  cheap.  The 
weight  is  about  ;i8lh.  to  the  hundred  yards,  or  ISOlb.  per  mile. 
The  wire  is  welded  together  in  lengths  of  about  a  quarter  of  a 
mile  each.  These  wires  are  fixed  to  standards,  at  distances  vary- 
ing from  45  to  55  yards  apart,  and  at  each  quarter  of  a  mile  is  a 
stronger  standard,  where  a  connection  is  made.  The  wires  are 
kept  taut  by  a  simple  arrangement,  which  it  is  unnecessary  to 
describe.  In  conse(iuence  of  this  mode  of  suspending  the  wires  on 
standards,  which  was  first  adcqited  in  1812,  a  great  economy  is 
effected,  and  the  system  admits  of  a  more  extensive  apjilication,  as 
now  it  may  be  laid  anywhere  wherever  the  standards  can  he  put 
up  ;  and  as  the  population  get  accustomed  to  this  invention,  it  can 
be  put  up  as  safely  in  the  streets,  or  in  the  roads,  as  gas-lami)s  are 
now  left ;  though  of  course  it  is  premature  to  anticipate  such  ad- 
vancement at  present.  Under  Brett  and  Little's  system  it  can,  we 
believe,  be  laid  much  cbeajier  than  now. 

The  original  method  of  laying  the  wires  was  to  cover  them 
with  silk  or  cotton  thread,  and  then  with  pitch,  resin,  cacuitchiuic, 
or  some  other  non-conducting  substance,  enclosed  in  eartheiiw;ire 
tubes,  in  wood  trunks,  or  in  iron  ])ipes.  At  that  time,  there  were 
several  inventions  for  laying  the  telegraph  wires  in  asphalt.     The 


great  expense  of  the  system  was  one  of  the  obstructions  to  its 
extension  at  an  earlier  jieriod.  Our  readers  will  recollect  that 
pipes  were  used  on  the  tjreat  Western  and  Blackwall  llailways. 
One  purpose  in  the  pijies  was  to  prevent  any  interference  with  the 
telegraph  wires  ;  but  this  precaution  is  now  considere<l  unneces- 
sary. The  connecting  wires  between  Nine  Elms  and  the  Strand 
stations,  and  between  Euston-square  and  the  metropolitan  stations, 
are  laid  in  pipes  (Mr.  Freeman  Roe  being  the  contractor)  ;  but, 
as  we  have  already  observed,  they  will  in  tlie  end  be,  in  most 
cases,  laid  on  standards  in  the  streets.  At  the  present  moment, 
our  main  streets  are  filled  with  cast-iron  pipes  for  gas,  for  water, 
and  for  electric  telegraphs.  Liquid  manure  is  also  to  be  laid  on, 
and  we  believe  Professor  Wheatstone  contemplated  a  sound  tele- 
graph, which  should  play  music.  The  professor  contemplated  the 
conduction  of  sound  ;  but  waiting  till  that  is  accomplished,  it  is 
quite  easy  to  play  music  at  a  distance  by  the,  present  resources  of 
science.  With  a  sufficient  number  of  wires,  a  grand  piano  might 
be  played  in  London  and  Liverpool  at  the  same  time  ;  ami  nothing 
would'he  easier  than  for  one  organst  to  play  in  two  cathedrals,  or 
to  play  a  set  of  chimes  in  St.  Paul's  and  in  York  Minster  simul- 
taneously. Professor  Wheatstone's  bell  telegraph,  in  the  model- 
room  of  the  Electric  Telegrapli  Company,  gives  the  elements  of 
such  an  apparatus.  In  Flanders,  every  town  has  its  set  o{ carillons 
or  chimes,  playing  elaborate  tunes,  and  having  its  carilloneur,  who 
plays  on  Sundays.  In  time,  the  whole  of  these  may  he  worked 
together,  or  perhaps  the  towns  of  England  supplied  with  the 
luxury  of  cariUnns.  Professor  AV^heatstone,  however,  proposes  to 
go  beyond  this,  and  to  convey  musical  sounds  to  a  distance. 

A  great  economy  has  already  been  effected  in  the  luimber  of 
wires  used.  In  the  earliest  Slough  instrument,  five  needles  were 
used,  and  double  wires  for  each.  The  application  of  the  principle 
that  the  earth  could  he  made  to  serve  as  half  of  the  circuit,  and 
its  adoption  by  Mr.  Cooke  in  his  patent  of  1842,  at  once  abolished 
half  the  wires,  and  by  successive  improvements,  the  number  of 
needles  was  brought  down  to  four,  to  three,  and  to  two,  and,  for 
some  purposes,  even  one.  Thus,  where  twelve  wires  were  necessary 
in  1842  for  one  station,  two  are  now  sufficient,  while  the  cost  is 
decreased  in  a  very  much  greater  ratio  by  the  wires  being 
galvanised  instead  of  wound  in  cotton  or  silk,  and  by  their 
being  suspended  in  the  air  instead  of  being  laid  in  pipes.  Perhaps, 
in  the  end,  a  lighter  wire  will  be  used,  and  the  system  will  be  in- 
definitely extended.  It  is  impossible  to  consider  the  system  as 
being  otherwise  than  in  its  earliest  infancy,  and  we  may  expect,  as 
in  railways,  to  see  very  great  modifications.  The  locomotive,  after 
being  increased  in  size  to  the  magnitude  of  the  "Great  A^^estern,"  is 
now  likely  to  he  brought  down  to  the  proportions  of  a  steam- 
carriage.  Nothing  is  so  dangerous  in  new  inventions  as  to  pre- 
judge. 

The  instruments  used  are  Cooke  and  Wheatstone's,  and  are 
either  single  or  double  needle  instruments.  The  latter  is  pre- 
ferred. They  are  both  on  the  same  principle,  except  that  the 
latter  is  double  the  former.  As  seen  from  the  outside,  the  double 
needle  telegraph  shows  two  needles  suspended  like  clock-hands  on 
a  dial.  Each  of  these  needles  is  the  duplicate  of  another  within 
the  instrument,  and  behind  the  dial,  and  which  latter  is  the  real 
needle.  This  needle  is  suspended  in  a  light  hollow  frame  of  wood 
or  metal,  round  which  are  wound  two  sets  of  fine  copper  wire,  coated 
or  insulated  with  silk  or  cotton.  About  200  yards  of  wire,  rjirt'i 
of  an  inch  diameter,  is  used  for  these  purposes.  Tiiis  coil  is  con- 
nected with  an  electro-galvanic  battery.  A  great  difficulty  of 
the  needle  telegraph  is  to  stop  the  oscillations  or  vihrat.ons  of  the 
needle  when  set  in  motion.  This  is  attempted  by  giving  a  greater 
e.xtension  and  weight  to  the  lower  limb  of  the  needle. 

On  the  instrument,  below  the  dial,  is  a  liandle,  which  is  so 
foi-med  as  to  turn  on  or  break  off  the  connection  of  the  battery 
with  the  conducting  wires,  and  so  to  transmit  motion  to  the  needle, 
which,  according  to  the  way  in  which  the  curi-ent  is  passed,  may 
be  deflected  to  the  right  or  left. 

In  the  double-needle  instrument,  the  alphabet  is  formed  by  the 
production  or  repetition  of  three  combinations.  The  needles  being 
placed  parallel,  the  right-hand  needle  may  be  worked  or  the  left- 
hand  needle,  the  two  together,  or  the  two  alternately ;  accordingly 
as  this  is  done  once,  twice,  thrice,  or  four  times,  a  large  number  of 
alphabetical  or  other  characters  is  obtained.  The  double  needle 
has  this  additional  economy  over  the  single  needle,  that  in  many 
combinations  the  two  handles  are  worked  together  ;  in  other  tele- 
graphs of  a  simpler  construction  the  saving  would  be  still  greater. 

The  needle  being  itself  a  magnet,  is  subject  to  disturbance  from 
the  free  electricity  of  the  atmosphere  in  particular  states  of  wea- 
ther so  that  its  working  is  very  uncertain ;  and  although  some 
modifications  and  improvements  are  made,  this  does  not  obviate 
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the  objections.  To  prevent  the  needle  from  traversing  too  far,  it 
is  confined  by  pins  on  either  side.  On  a  recent  occasion  all  the 
telegraphs  throughout  England  were  deflected  for  so  long  a  period 
that  business  was  wholly  stopped. 

It  is  to  be  noticed,  that  the  communication  is  carried  through 
the  instrument,  which  is  a  part  of  the  chain  of  connection.  At 
each  station  used,  must  be  an  instrument ;  but  where  the  corre- 
spondence is  small,  several  instruments  may  be  used  «ith  the  same 
wires  ;  but  of  course  two  stations  cannot  be  worked  together, — 
one  only  can  use  the  telegraph  at  a  time.  ^Vhere  there  is  larger 
correspondence,  separate  wires  and  instruments  are  used  for  each 
station.  An  objection  at  present  is  that  one  instrument  being  dis- 
ordered, which  is  not  unfrequently  the  case,  the  whole  set  suffer. 

Where  several  instruments  are  i)ut  on  one  set  of  wires,  there  is 
an  advantage  in  sending  a  simultaneous  message.  Thus,  in  the 
case  of  the  Queen's  speech  and  proroguing  Parliament  next  year, 
it  may  be  sinuiltaneously  communicated  to  sixty  stations  by  one 
clerk  in  Lothbury  ;  and  we  may  conceive  the  period  when  a  public 
functionary  may  simultaneously  convey  instantaneous  instructions 
to  a  thousand  subordinates,  thus  surpassing  all  that  the  printing- 
press  has  ever  yet  accomplished.  Already,  the  superintendents  of 
railways,  seated  in  their  London  offices,  can  give  general  instruc- 
tions every  morning  to  their  station-masters  attending  in  the 
telegraph-rooms.  For  most  of  the  ))urposes  of  the  subscribers'- 
rooms,  the  whole  system  of  telegraphs  put  in  communication  will 
allow  of  one  message  or  list  of  prices  or  quotations  being  used  for 
all,  which  is  a  great  economy.  Thus  the  price  of  shares  at  Man- 
chester, of  cotton  at  Liverpool,  of  sugar  in  Mincing-lane,  or  of 
corn  at  Wakefield,  will  be  simultaneously  announced  all  over  the 
country. 

The  bell,  or  alarum,  may  be  considered  at  present  an  essential 
part  of  the  telegraph  system.  By  setting  the  alarum  in  action, 
notice  is  given  to  the  telegraph  clerk  that  a  message  is  going  to 
be  sent.  We  question,  howe\er,  whether  the  bell  will  in  the  future 
be  necessary  at  large  telegraph  stations,  where  clerks  are  on  duty 
day  and  night,  and  the  instruments,  perhaps,  in  constant  use.  At 
present,  the  alarum  may  be  set  in  action  from  the  telegra])h  wire, 
or  a  separate  wire  may  be  used.  The  defect  of  the  former  plan  is, 
that  if  the  clerk,  on  finishing  his  message,  does  not  leave  his 
alarum  in  the  circuit,  the  alarum  cannot  be  set  in  action,  and  the 
only  way  to  attract  his  attention  is  the  chance  of  his  seeing  the 
needles  working.  As  this  contingency  virtually  neutralizes  the 
use  of  the  alarum,  it  is  considered  preferable  to  have  a  separate 
bell  for  the  alarum.  The  alarum  is  a  jiiece  of  clock-work,  to  be 
set  in  action  by  the  connection  or  disconnection  of  two  pieces  of 
soft  iron,  formed  into  a  horse-shoe  magnet,  and  covered  with  a 
coil  of  fine  copper  wire  insulated  with  silk  or  cotton.  When  this 
horse-shoe  is  magnetised,  it  attracts  an  armature  of  soft  iron, 
which  moves  on  an  arbor,  and  lets  loose  a  catch,  which  sets  the 
clock-work  in  motion.  Formerly,  the  magnet  was  made  to  act 
directly  on  the  hammer  of  the  bell.  Lately,  great  improvements 
have  been  made  in  alarums  by  other  inventors. 

The  single  needle  telegraph  is  sometimes  used  for  railway  pur- 
poses, where  a  limited  number  of  signals  is  required  ;  but  for  all 
others,  the  double  needle  is  used,  and  the  difference  in  price  is  not 
sufficient  to  justify  the  use  of  a  less  effective  instrument.  As, 
however,  in  the  case  of  the  double  needle  instrument,  accident 
may  happen  to  one  of  the  wires,  the  clerks  are  taught  the  use  of 
the  single  needle  signals,  so  that  communications  may  still  be 
carried  on.  This  is  the  more  necessary  from  the  liability  to 
disorder.  We  may  observe,  that  in  case  of  injury  to  a  particu- 
lar line  of  wires,  as  that  on  the  old  Manchester  and  Bir- 
mingham Railway  for  instance,  the  communication  with  Man- 
chester could  still  be  carried  on  by  forming  a  circuit  with  Slieffield, 
Leeds,  Liverpool,  or  any  other  of  the  places  remaining  in  connec- 
tion with  it  and  the  metropolis.  Unless  all  the  wires  round  a  ttuvn 
be  disturbed,  the  communication  cannot  be  stopped,  so  readUy 
can  a  line  of  correspondence  be  formed  ;  and  it  is  at  present  con- 
sidered of  little  importance  to  sentl  a  message  round  by  any  dis- 
t.ince,  as  no  perceptible  difference  in  speed  or  efficiency  is  found 
between  a  direct  or  a  circuitous  route  in  the  transmission  of  elec- 
tric messages.  Hitherto,  all  corresj)ondence  with  Manchester  has 
been  sent  circuitously  by  Rugby,  and  over  the  Midland  Railway. 
In  a  political,  and  even  in  a  commercial  point  of  view,  this  fact  is 
of  some  importance,  as  it  guarantees  the  stability  of  this  mode  of 
communication.  It  is  to  be  noted,  however,  that  the  Electric 
Telegraph  Company  have  hitherto  worked  their  messages  by  relays, 
and  this  is  the  case  on  the  South  Eastern,  which  argues  some  de- 
fects. The  company's  telegraph  is  a  failure  on  the  South  Devon 
line,  and  in  the  Summit  Tunnel  on  the  Sheffield  and  Manchester 


railway.    Nott  and  Gamble's  telegraph  has  also  failed  in  the  Box 
Tunnel. 

The  mode  of  transmitting  messages  by  telegi-aph  has  already 
been  subjected  to  re\olutions.  When  the  idea  was  put  forward  of 
spelling  words,  of  course  it  was  suggested  that  combinations  might 
be  formed  of  signals  standing  for  words.  This  was  not,  hoviever, 
then  found  to  work  well,  and  the  competent  author  of  the  article 
on  electric  telegraphs,  writing  in  "  AV^eale's  Pocket  Book,"  in  the 
end  of  the  year  18+0,  says — "  This  method  has  been  fully  tried, 
and  has  been  relinquished  only  upon  a  conviction  of  the  greater 
certainty  and  eventual  quickness  of  the  literal  communication." 
At  the  present  moment,  the  company  are  again  working  by  sig- 
nals or  words,  and  with  great  success,  upon  JMr.  Whishaw's 
system.  It  will  strike  every  one  who  has  given  his  attention  to 
the  subject,  that  each  subject  relating  to  shipping,  to  the  stock 
exchange,  to  produce  markets — will  have  its  own  technical 
language,  in  the  cognate  business  of  short-hand  writing,  called 
"  arbitraries,"  and  for  which  signs  may  be  used  as  they  are  in 
short-hand.  The  merit  of  Mr.  Whishaw's  system  consists  in 
its  special  application,  while  the  failure  of  the  previous  at- 
tempts was  in  tlieir  generalization.  All  successful  codes  of  sig- 
nals, or  telegrajjh  communications,  have  been  special ;  and  the 
same  may  be  said  of  short-hand  arbitraries.  A  law  short-hand- 
writer  will  find  constantly  recurring — "  plaintiff,  defendant,  affi- 
davits, plea,"  and  a  number  of  other  terms,  which  it  would  be  a 
work  of  supererogati(m  to  write  in  full ;  and  so  in  each  dejiartment ; 
but  this  has  been  left  to  systematization  by  the  individual  rather 
than  made  a  work  of  science.  Sea  signals  have  been  rendered  very 
simple  by  their  application  to  nautical  purposes,  though  the  at- 
tempts to  apply  them  to  more  extended  communications  have 
faUed. 

In  Mr.  Whishaw's  system  for  the  Electric  Telegraph  Comjiany,  a 
code  of  signals  is  applied  to  each  class  of  communications.  Thus  there 
is  a  code  for  slii])ping  intelligence,  a  code  for  racing,  a  code  for  share 
lists,  a  code  for  corn-market  prices,  and  so  forth.  On  the  message 
being  commenced,  a  signal  is  made  what  code  is  used,  so  that  the 
clerk  who  receives  the  message  is  prepared  for  the  nature  of  the 
signals.  As  the  number  of  signals  which  can  be  made  in  a  given 
time  is  limited,  it  is  evidently  of  great  importance  to  economise 
time  by  the  adoption  of  arbitraries,  instead  of  spelling  every  word, 
letter  for  letter.  Indeed,  if  an  expedient  of  this  kind  were  not 
adopted,  it  would  be  impossible  to  carry  on  the  correspondence 
between  the  great  towns.  As  it  is,  it  may  be  reasonably  expecte<l 
that  business  will  so  far  increase  on  the  organization  of  the  sys- 
tem, as  to  require  the  adoption  of  more  than  one  line  of  telegraphs 
between  the  metropolis  and  such  towns  as  Manchester  and  Glas- 
gow. ^Ve  may  note  here,  that  it  will  be  curious  to  observe 
whether  the  number  of  telegraph  messages  will  bear  any  corre- 
spondence with  the  number  of  post  letters  sent  to  each  town. 
There  can  be  no  doubt,  however,  that  to  give  accommodation  to 
the  public  new  companies  will  be  formed,  as  in  other  branches  of 
enterprise. 

On  a  message  being  delivered  in  writing  at  the  telegraph  office, 
it  is  "  translated"  into  telegraph  language,  transmitted  by  a  tele- 
graph clerk,  received  by  a  telegraph  clerk  at  the  other  end,  re- 
translated there,  and  written  out  and  given  to  a  messenger  for 
delivery.  Each  message  is  accompanied  by  preliminary  signals,  to 
call  the  attention  of  the  clerk  to  be  addressed,  and  to  signify  to 
him  the  nature  of  the  message,  and  the  code  to  be  used.  It  may 
readily  be  conceived  that  it  is  of  great  assistance  to  the  clerk  to 
know  the  class  of  message  he  is  going  to  receive,  as  he  is  thereby 
better  prepared  to  understand  its  import.  It  is  like  a  reporter  iii 
the  gallery  of  the  House  of  Commons  understanding  the  speaker 
whom  he  is  following,  and  which  enables  him  more  fully  to  catch 
and  express  his  meaning,  than  if  the  subject  were  unfamiliar  to 
him.  In  time,  no  doubt,  the  telegraph  clerks  will  divide  among 
themselves  the  labour  of  transmitting  the  several  classes  of  intelli- 
gence, and  this  will  have  a  tendency  to  ensure  greater  accuracy 
and  rapidity.  In  order  to  obtain  more  accurate  delivery  of  a 
message,  the  company  offer,  on  the  payment  of  an  advanced 
price,  to  have  it  repeated,  so  that  there  may  be  a  security  fvr 
its  being  fully  understood  ;  and  this  is  necessary,  as  errors  must  be 
expected  to  creep  in  from  frequent  imperfection  in  the  instru- 
ments, from  unintentional  error  on  the  part  of  the  sender,  and 
from  misinterpretation  on  the  part  of  the  receiver.  These 
kinds  of  messages  will  be  peculiarly  open  to  those  "  equivoques," 
now  known  as  "  errors  of  the  press,"  in  printing,  where  the 
insertion  of  one  wrong  letter  alteis  the  whole  meaning  of  a 
word  or  sentence.  We  may  be  prepared,  therefore,  for  letters 
addressed  to  the  great  censor  of  the  age,  headed,  "  Shameful  Alis- 
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niana^ement  of  the  Electric  Telefria|)li  Company,"  "Shameful  | 
Oppression,"  "  Shameful  Ncirliycnce,"  '•  Sliaiiieful  .Monopoly,"  and 
so  forth,  in  which  the  real  or  fictitious  correspondents  declare  the 
dreadful  sufferin<rs  to  which  they  have  heen  exjiosed  hy  tlie  errors 
nnd  delays  of  the" telegraph  clerks— how  "  owls  '  were  _ordere(l  for 
dinner,  instead  of  "  fowls,"—"  pijreon  "  for  "  widj^eon,"  "  veal  "  for 
"teal,"  "cats"  for  "skates,"  "swipes"  for  "  Hnii)es,"  and  many 
sundry  ffrievances,  which  could  not  he  com]>laiue(l  alxput  hitlierto, 
»s  there  were  no  tele^raj)!!  offices  lo  he  Uehihi.ured  hy  the  ([uerulous, 
dissatisfied,  and  inconsiderate.  The  Udearaph  tfrievauce  will  he  a 
great  safety-valve  to  the  railways,  for  the  fornu'r  will  so  occupy  the 
Times  \m>\  I'lincU,  as  to  leave  no  room  for  the  last  case  of  ncfflect 
by  Mr.  Hudson,  or  the  last  instance  of  lieiuL'-  five  miimtes  behind 
time  on  the  Eastern  Counties.  When  telejrraphs  come  to  be 
abused  as  well  as  railways,  it  will  be  a  sifjn  that  they  have  done 
some  service,  and  have  merited  well  of  the  pulilic. 

The  lowest  eharife  for  the  delivery  of  a  message  at  present  is 
half-a-crown,  for  which  thirty  words  are  sent  thirty  nules— thouffh 
it  is  to  be  hoped  for  the  public  accommodation  that  the  prices  will 
be  reduced.  The  charge  increases,  of  course,  in  the  double  ratio 
of  the  number  of  words  ami  number  of  miles.  In  many  cases,  the 
charire  will  not  be  greatly  above  that  which  was  made  a  few  years 
ago  ifor  general  post  letters  for  mercantile  jiurposes;  and,  indeed, 
merchants  will  have  heen  relieved  from  the  charge  of  postage, 
to  give  them  a  revenue  for  telegraph  [uirposes.  If  there  are  any 
who  doubt  that  the  mercantile  classes  will  lie  ready  to  avail  them- 
selves of  the  telegraph,  they  should  be  )iut  in  mind  of  the  large 
sums  formerly  disbursed  for  postage,  and,  indeed,  of  the  large  sums 
still  disliursed  for  Indian  an<l  foreign  postage. 

The  Electric  Telegraph  Company,  as  a  matter  of  necessity,  give 
notice,  that  they  do  not  hold  themselves  responsible  for  the  speed 
with  which  the  messages  are  transmitted,  nor  for  delay  caused  by 
the  state  of  the  weather  or  ajiparatus.  At  present,  the  state  of 
the  weather  often  affects  the  rate  of  working  of  the  machines, 
and  sometimes  to  a  serious  extent. 

The  rate  at  which  messages  can  be  transmitted  is  rather  lower 
than  might  be  anticipated,  "and  this  arises  from  using  the  needle 
telegraph.  It  is  found  that  about  six  words  a  minute  is  as  much 
as  can  be  practically  telegraphed  at  present,  the  words  being 
spelled  literally.  The  last  Queen's  Speech  was  sent  seven  words 
a-minute.  By'using  the  codes,  longer  messages  can  of  course  be 
sent.  The  number  of  words  wliich  can  be  written  by  short-hand 
in  a  minute  is  seventy  ;  the  number  of  words  which  can  be  read 
rapidly  in  one  minute  is'  280.  The  number  of  characters  passed  by 
Professor  Morse  is  117  as  a  maximum,  99  as  an  average.  We  may 
be  prepared  for  the  much  greater  rajpidity  of  the  electric  telegraph 
in  other  hands.  Mr.  Bain  ])roiiiises,  in  the  course  of  time,  1,000 
characters  :  but  the  present  rate  of  speed  is  ample  for  all  present 
purposes,  though  we  have  that  faith  in  the  extension  of  telegraph 
business,  that  we  believe  it  must  be  shortly  increased.  By  using 
well-trained  clerks  at  the  chief  stations,  and  by  fre(iuently  reliev- 
ing them,  the  utmost  use  will  lie  made  of  the  telegrajihs ;  and  they 
are  likely  to  be  worked  night  and  day.  For  man)-  classes  of  cor- 
respondence, all  the  words  must  be  sitelled,  and  no  arbitraries  or 
codes  can  be  used  ;  hut  still  a  large  mass  of  correspondence  will 
admit  of  profitable  abridgment.  Professor  Morse,  and  many  tele- 
graphers, undertake  to  do  a  much  greater  number  of  words  than 
those  assigned  by  us  as  the  present  rate  in  England  ;  but  what  one 
individual  can  do  in  an  isolated  case,  is  very  different  from  the 
working  of  a  miscellaneous  correspondence,  through  a  public  office. 
That  the  undertaking  will  turn  out  productive,  we  have  no 
manner  of  doubt,  because,  in  many  cases,  the  company  have  not 
the  property  of  the  lines,  which  beiong  to  tlie  railways,  but  work 
them  at  a  toll,  while  the  revenue  to  be  received  must  be  very 
great.  A  line  between  two  principal  stations  will  yield  live  thou- 
sand a-year ;  and  as  the  outgoings  are  chiefly  in  clerks,  it  will  be 
seen  that  there  must  be  a  large  surplus  to  pay  the  wear  and  tear 
of  instruments,  the  cost  of  management  and  superintendence  ;  and 
after  yielding  a  toll  to  the  railway  companies,  atlord  a  very  hand- 
some return  to  the  Electric  Telegraph  Com]iany  for  all  the  capital 
they  may  be  called  ujion  to  emiiloy.  They  enjoy,  too,  the  advan- 
tage of  a  ready-money  business.  A  thousand  a-year  wtiuld,  how- 
ever, yield  a  dividend.  At  present  the  company  have  not  wires 
enough  for  the  public  business,  and  great  complaints  are  made  of 
the  delay. 

The  length  of  line  laid  down  hy  the  Electric  Telegraph  Company, 
or  in  progress,  is  now,  we  believe,  about  2,000  miles;  and  the  fol- 
lowing is  a  list  of  telegraphs,  with  the  date  when  laid  down,  and 
the  length  of  line,  though  the  materials  from  which  we  have  com- 
piled it  are  imperfect.  It  will,  however,  in  some  degree,  serve  to 
»how  the  progress  of  the  system  : — 


1839  Great  Western 

181.2  Blackwall  

1844   Yarnioiitli  ;uid  Norwich 
1815  South-Western 

„     Eastern  Ciuinties 


South-Eastern  , 


1846 


1847 

18+5  Norfolk  Railway 

1847 

1846  Midland  Counties 


York  and  North-Midland 

Hull  and  Selby 

York  and  Newcastle   ... 


1845  Sheffield  and  Manchester 

1846  South  Devon     ... 

1845  London,  Brighton,  and  South 

Coast  ... 

1846  Preston  and  Wyre       

„     Eastern  Union  ... 

„     London  and  North-Western... 


London  to  Slough 


..   London  to  Southamji- 

ton 
..  Cidcbester  line 
..   Cambridge  do. 
..   Ilertlord  branch  do. 
,.    Ely  and  Peterliorough 
..   "^I'liaiues  Junction 
..   London  to  Dover 
..   Ilamsgate  line 
..    Margate  do. 
..   Maidstime  do. 
..  Tunhridge  and  Tun- 

bridire  \Yells 
..   Bricklayers' Arms  line 
..  Deal  do. 

..  Norwich  and  Brandon 
..  Lowestoft  line 
..   Dereham  do. 
..   Hugh)'  and  Derby 
..  Birmingham  &  Derby 
..   Derby  to  Normanton 
..  Nottingham  and  Lin- 
coln 
..  Sheffield  line 

..   York  &  Scarborough 


Durham  line 
Sunderland  tlo. 
Shields  do. 
Richmond  do. 
Summit  Tunnel 


Blilea 

19 

S 

20 

99 
51 

88 

7 
29 

3 
88 
30 

4 
10 

6 
6 

y 

38 
10 
13 
49 
41 
73 

41 

5 

23 

43 

40 
84 
2 
5 
8 
9 
3 
20 


London  and  Croydon 
Preston  &  Fleetwood 

Wolverton  andPeter- 

borough 
Syston  and  Peterboro' 


Hull  and  Burlington 


1847  Midland 

„     Leeds  and  Bradford    ... 
„     Manchester  and  Leeds 
„     York  and  North-Midland 
„     New<vastle  and  Berwick 
,,     South  Devmi  Extension 

„     London  and  North-Western...  London  and  Rugby 
„  „  ...  Rugby  to  Newton 

„  „  ...  Liverpool  and   Man- 

chester 
Crewe  to  Chester 


Bristol&Birmingham 


20 
17 

57 
40 
IS 
61 
27 
60 
27 
82i 
lll| 

siA 

30| 
60 
90^ 
46 


„     Southampton  and  Dorchester. 

„     Midland  

„     Edinburgh  and  Glasgow 
The  length  of  line  laid  down  previously  to  1845,  was  not  more 
than  45 ;  in  tliat  year,  about  500  miles  ;  in  1846,  600  miles  ;  and  in 
1847,   1,100  miles.     The  total  done  and  in  hand  is  above  2,300 
miles. 

The  towns  to  which  communication  will  be  made  are  above 
si.xty,  including  London,  Manchester,  Glasgow,  Liverpool,  Edin- 
burgh, Leeds,  Slieffield,  Birmingham,  Bristol,  Newcastle,  Hull, 
VFolverhampton,  AYakefiebl,  Derliy,  Leicester,  Norwich,  Notting- 
ham, Portsmouth,  Northiun]iton,  Bradford,  Coventry,  Dover, 
Canterbury,  Halifax,  Rochdale,  Maidstone,  Southampton,  Glou- 
cester, Clieltoidiam,  Yarmouth,  Cambridge,  Colchester,  Ipswich, 
York,  Darlington,  Margate,  Staflord,  Barnsley,  Hertford,  Rams- 
gate,  Deal,  Folkestone,  Rotherham,  Tunhridge,  AYinchester, 
Dorchester,  Peterborougb,  Huntingdon,  Chesterfield,  Wisbeach, 
Lowestoff,  Chelmsfcn-d,  Berwick,  Scarborougli,  Burlington,  Stam- 
ford, and  St.  Ives.  With  Brislid,  tbe  comnniiiicatiou  is  circuitous 
round  by  Birmiiiixham  and  Glouirester,  as  the  Great- Western, 
although  first  in  I  be  field  with  the  Slougii  line,  have  neglected  to 
apply  the  telegraph  throughout,  which  seems  to  arise  from  dis- 
satisfaction witli  the  needle  telegraph,  for  they  have  allowed  par- 
tial a|)plications  of  two  other  systems.  Every  town  in  the  country 
having  above  one  hundred  thousand  people,  is  l>rought  into  com- 
munication with  the  metropolis ;  and  the  only  groat  towns  still 
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unsupplied  are  Plymouth,  Cliatham,  Preston,  Exeter,  Bath, 
Brighton,  and  Oxford.  The  number  of  shire  towns  brought  into 
connection  is  near  thirty ;  all  the  chief  seaports  and  seats  of 
manufactures,  and  se\eral  wiitering-places. 

Besides  the  places  already  enumerated,  many  considerable  towns 
can  be  served,  being  already  placed  on  the  line  of  telegraph,  as 
Worcester,  Sunderland,  Stockport,  Kingston,  Lichfield,  Tunbridge 
VV^ells,  Poole,  Croydon,  'W^atford,  JNIaldon,  Droitwich,  Thetford, 
Beverley,  Braiiitree,  Ashford,  Newark,  Alnwick,  Dunbar,  Lough- 
borough, Crewe,  Wolverton,  Leighton  Buzzard,  Driffield,  Reigate, 
Romford,  Bishops  Stortford,  Tliirsk,  Northallerton,  Market  AVeigh- 
ton,  &c.  In  fact,  within  a  very  short  period,  the  company  wiU  be 
able  to  supply  the  prices  of  above  a  hundred  market  towns,  if 
wii-es  enougli  are  laid  down. 

In  the  United  States,  New  York,  Philadelphia,  Boston,  Balti- 
more, AV'a^liington,  Albany,  Newhaven,  and  Hartford,  have  the 
means  of  intercommunication,  and  a  line  of  a  thousand  miles  long 
runs  to  Quebec.  • 

With  regard  to  submarine  telegraphs  their  practicability  is  indis- 
putable. Tlie  great  essay  w  ill  be  the  line  between  Dover  and  Calais, 
when  the  two  great  cities  of  western  Europe  will  have  instant 
parley.  Already  the  money  markets  of  the  two  sympathise,  the 
capitalists  of  the  two  cities  are  bound  up  with  each  other,  and  it  is 
to  be  hoped  these  ties  will  be  drawn  closer,  and  the  peace  of  the 
two  great  nations  be  maintained.  A  continuous  line  between 
London  and  Vienna  is  talked  oiF  as  in  progress ;  at  any  rate,  we 
shall  soon  have,  by  a  telegraphic  communication  with  Marseilles  or 
Trieste,  the  means  of  abridging  our  East  Indian  correspondence. 
The  value  of  such  correspondence  to  the  London  houses  engaged 
in  East  India  business  and  expecting  remittances  would  have  been 
very  great  during  the  late  crisis. 

If  the  steamboat  threatens  us  with  greater  hazard  of  invasion 
during  any  future  war,  the  telegrajih  comes  in  good  time  to  coun- 
teract any  unfavourable  influence,  by  giving  us  instant  intelligence 
of  any  danger  to  our  coasts,  and  allowing  of  immediate,  and  as  it 
niav  be  called,  personal  communication  between  the  statesmen  of 
England  and  France,  so  as  to  allow  negociations  for  peace  to  be 
carried  on  with  more  rapidity  than  by  mean  of  envoys. 

To  the  Admiralty  the  electric  telegraph  offers  the  means  of 
superseding  the  cumbrous  semaphore,  and  of  rapid  intercourse  with 
the  naval  stations.  We  consider  the  Admiralty  greatly  blameable 
in  not  having  sooner  availed  themselves  of  the  system,  after  the 
success  of  the  Slough  experiment.  As  it  is,  they  have  only  a  line 
to  Gosport.  There  is  none  to  Plymouth,  Chatham,  Sheerness, 
or  Milford.  We  do  not  see  why  a  submarine  telegraph  should  not 
be  carried  out  to  the  anchorage  at  Spithead,  so  as  to  allow  of 
readier  correspondence  with  the  admiral  or  officers  afloat.  It  is 
no  testimony  in  favour  of  government  management  in  England  and 
France  th;it  the  clumsy  semaphores,  useless  at  night  and  in  a  fog, 
and  useable  only  for  a  fifth  of  the  year,  should  have  been  so  long 
persisted  in  ;  but  we  entertain  no  doubt  that  so  soon  as  the  electric 
telegraph  system  is  fully  applied  for  public  service,  the  govern- 
ments will  liecome  candidates  for  taking  its  control  into  their  own 
hands,  tir  for  interfering  with  it  as  they  have  with  the  railways. 

A  submarine  telegraph  which  will  be  of  great  use  will  be  between 
England  and  Ireland,  and  nothing  but  the  want  of  energy  of  the 
government  prevents  them  from  applying  it  in  the  present  crisis, 
when  it  will  be  a  means  of  economising  money,  and  most  probably 
of  saving  human  life.  Such  a  telegraph  is  properly  a  government 
experiment,  and  not  a  commercial  experiment ;  and  for  that  reason 
it  is  not  likely  to  be  done  until  it  cannot  be  put  off  any  longer,  and 
when  done  to  be  badly  done. 

It  is  to  be  remembered  that  the  telegraphic  establishment  will 
be  a  new  post-office,  operating  almost  instantanemisly,  and  with 
this  ad\antage — that  instead  of  the  whole  business  being  restricted 
to  one  fixed  time,  or  to  two  fixed  times,  communication  will  be 
made  at  the  moment  desired  by  day  or  night.  The  way  in  which 
such  an  establishment  must  operate  on  society  must  be  most  bene- 
ficial. All  those  interested  in  markets,  whether  belonging  to  the 
agricultural  interest  or  the  mercantile  interest,  will,  in  every  part 
of  the  kingdom,  wherever  they  may  be,  know  the  state  of  all  the 
markets  open  within  a  few  minutes  of  operations  being  effected, 
while  they  will  ha\e  the  means  of  making  purchases  or  sales  hun- 
dreds of  miles  oft',  whereby  transactions  will  be  much  quickened, 
and  a  general  and  uniform  rate  of  prices  will  be  established  through- 
out the  country.  The  charge  for  subscription  is  only  two  guineas 
yearly,  and  the  subscriber,  wherever  he  may  be,  has  admission 
to  the  subscription  rooms,  in  which  are  posted  the  shipping 
lists,  the  share  lists  from  the  London  and  provincial  share  ex- 
changes, the  prices  current,  the  prices  of  corn,  live  stock,  and  pro- 
duce, and  every  event  of  public  or  mercantile  interest.  No  one  con- 


cerned in  any  business  can  well  avoid  this  payment,  for  it  will  in 
the  end  become  de  facto  a  tax,  for  no  one  will  dare  to  be  placed 
under  a  disadvantage  to  his  neighbour.  It  will  be  as  common  as 
to  read  the  newspapers. 

It  will  readily  be  seen  that  even  the  man  of  pleasure  cannot 
escape  contributing  to  the  revenues  of  the  telegraph  company,  for 
political  intelligence  and  sporting  intelligence  will  be  recorded, 
and  wherever  he  may  wander  he  will  always  have  access  to  in- 
formation. On  going  into  the  telegragh  station  he  will  see  the  state 
of  bets  atTattersaU's,  and  regulate  his  own  proceedings  accordingly, 
or  learn  who  is  the  winner  at  Epsom  or  Newmarket.  During  the 
late  general  election,  had  the  system  been  in  full  m  ork,  intelligence 
would  have  been  sent  of  the  state  of  the  poll  from  sixty  boroughs 
and  thirty  places  of  county  elections,  which  are  now'  telegraph 
stations.  A  parliamentary  division  will  be  known  within  a  few 
minutes  all  over  the  country,  and  the  faction  which  triumphs  or 
which  falls  at  St.  Stephen's  will  within  a  brief  period  be  lu-ought 
under  the  comment  of  thousands  of  its  supporters  or  oiijionents. 
Now  the  divisions  are  telegraphed  to  Liverpool  and  Manchester, 
and  posted  in  the  rooms. 

The  sending  of  ]n-ivate  messages  must  be  most  various  in  its  in- 
fluence, and  the  effect  of  time  and  experience  only  can  enable  its 
bearing  to  be  fully  appreciated.  New  modes  of  doing  business  will 
spring  up,  new  branches  of  business  will  be  created,  some  perhaps 
be  superseded,  but  that  the  result  will  be  beneficial  on  the  whole 
no  reasoning  man  can  doubt.  AVhoever  has  a  sick  relative  at  a 
distance,  in  the  hourly  peril  of  death,  with  life  quivering  on  a 
breath,  in  aU  the  agony  of  hope  and  fear,  will  know  the  value  of  an 
establishment  which  can  give  him  frequent  and  immediate  intelli- 
gence of  the  state  of  one  whom  he  holds  dear.  After  this  example 
it  is  of  little  moment  to  picture  the  many  ways  in  which  personal 
interest  will  seek  gratificaticui  in  a  correspondence  which  extends 
the  power  of  wealth  and  enterprise,  and  widens  their  sphere  of  ac- 
tion. A  Rothschild,  a  Goldsmid,  or  a  Baring,  may  rule  by  agents 
in  London,  in  Paris,  in  Madrid,  and  in  Lisbon  at  once ;  but  hence- 
forth their  most  distant  affairs  will  be  under  their  own  guidance, 
and  their  personal  influence  will  be  made  to  act  in  cities  they  have 
never  entered,  and  with  men  they  have  never  seen.  The  confiden- 
tial agent  or  the  junior  partner  will  be  a  zero,  and  tlie  means  of 
safely  conducting  an  available  operation  will  lui  longer  be  limited 
by  the  necessity  of  intrusting  it  to  a  subordinate.  Indeed  it  is  im- 
possible to  contemplate,  without  excitement,  the  new  world  which 
is  as  it  were  opening  before  us,  and  to  which  the  effects  of  railway 
and  steamship  intercourse,  great  as  they  are,  are  as  nothing. 

To  the  press  the  electric  telegraph  will  be  a  new  arm  of  power  : 
the  money  which  is  now  si)ent  in  horses  and  expresses  will  lie  ap- 
propriated in  a  large  proportion  to  keeping  up  a  greater  nundier  of 
agents  and  correspondence.  It  may  appear  at  first  sight  that  the 
telegraph  rooms  by  affording  so  much  intelligence  will  be  curtailing 
the  s])here  of  the  newspapers,  but  they  will  only  be  interfering 
with  them  in  some  departments  to  give  them  greater  facilities  in 
others.  The  Electric  Telegraph  Company  may  announce  that  the 
mail  steamer  has  brought  to  Liverpool  the  American  ]iresident's 
speech,  and  its  purport,  but  the  special  edition  of  the  Tiiiics  must 
give  its  words  sent  up  by  telegraph.  Country  meetings  of  im- 
portance will  be  sent  up  by  telegraph,  and  it  is  not  impossil)le  that 
before  long  such  arrangements  may  be  made  as  to  allow  of  the  re- 
porter's notes  being  used  for  telegraphic  transmission.  The  differ- 
ence in  the  number  of  signs  between  long-hand  and  short-hand 
(discarding  most  of  the  arbitraries),  is  as  275  to  170,  or  nearly  as  .5 
to  3 ;  this  gives  a  saving  in  favour  of  short-hand  of  two-thirds,  and 
allows  five  hours'  work  to  be  done  in  three,  for  it  is  to  be  oliserved 
in  telegraphic  communication,  the  great  object  is  to  economise  the 
time  used  at  the  telegraph.  The  short-hand  system  was  tried  on 
the  South- Western  and  found  to  answer. 

It  seems  by  no  means  improbable  that  an  influence  will  be  ex- 
erted on  the  jurisprudence  and  police  of  the  countiy  by  the  tele- 
graph system.  Perhaps  we  ought  to  say  that  it  has  already  done 
so.  The  arrest  of  Tawell,  the  quaker,  for  murder,  and  the  arrest 
of  so  many  other  criminals  has  given  a  greater  efficiency  to  the 
law  ;  the  respite  and  afterwards  execution  of  the  coinict  at  Maid- 
stone, show  the  ready  means  of  communication  with  the  central 
authorities.  But  though  a  telegraphic  message  may  be  a  sufficient 
authority  to  arrest  for  felony,  it  will  be  necessary  to  pro\ide  some 
new  process  to  make  this  establishment  available  in  cases  of  mis- 
demeanour, and  in  the  end  it  is  likely  to  be  applied  in  civil  cases, 
in  which  already  it  is  calculated  to  quicken  many  stages  of  pro- 
ceeding. It  may  hereafter  not  be  uncommon  to  have  a  witness  at 
Edinburgh  examined  by  telegraph  during  a  trial  at  Westminster 
Hall,  and  other  evidence  be  sought  for  five  hundred  miles  off'.  It 
may  cease  to  be  necessary  to  bring  up  a  prisoner  to  the  superior 
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rourts  on  ordinary  application?,  when  a  correspondence  may  be 
made  with  him  at  any  distance. 

As  a  means  of  railway  administration  the  electric  telefjraph  has 
proved  its  elKcacy,  and  it  is  impossible  to  conduct  single  lines  pro- 
perly without  it.  Already  the  convenience  to  passeiijirers  has  been 
very  preat,  and  that  to  the  companies  cannot  be  undervalued.  It 
extends  the  supervision  of  the  central  authorities,  and  allows  the 
most  effective  action  to  take  place  on  every  emergency,  whether  of 
accident  or  otherwise.  Lately,  some  half-dozen  gentlemen  were  on 
business  at  a  minor  station  on  the  Eastern  C'ounties  line,  and  being 
desirous  of  proceeding  early  to  Cambridge,  they  made  application 
to  stop  the  next  train,  which  would  otherwise  have  passeil  the  sta- 
tion. The  message  was  passed  to  the  superintendent  at  Shoreditch, 
leave  granted,  and  within  half  an  hour  the  gentlemen  were  on  their 
way  to  Cambridge,  where  it  was  of  great  importance  they  should 
arrive  early.  A  lesser  case,  which  happened  on  the  South  Eastern 
a  month  or  two  ago,  nun-  be  worth  notice.  An  old  «dman  proceed- 
ing from  Minster  to  Tunbridge,  or  some  intermediate  station,  after 
paying  her  second-class  fare,  in  her  hurry  left  her  money  on  the 
counter.  On  arriving  at  Canterbury  she  found  out  her  loss  and 
wished  to  return  to  Alinster,  but  the  superintendent  persuaded  her 
to  go  on,  in  the  hope  that  she  might  be  able  to  learn  something  of 
it  at  Ashford.  On  her  arrival  there  she  was  told  that  the  money 
iiad  been  found  on  the  counter  at  Minster  to  the  amount  she  de- 
scribed, and  at  the  next  station  the  sum  was  handed  to  her ;  but 
though  glad  to  receive  the  money,  she  could  not  repress  her  fears 
that  tlie  railway  officers  to  whom  she  was  indebted  had  dealings 
with  the  powers  of  evil.  In  the  United  States  it  is  said  that  a 
marriage  was  contracted  by  railway  between  two  parties  hundreds 
of  miles  apart.  Under  the  law  of  Scotland  a  telegraph  marriage 
might,  we  believe,  legally  take  place.  Telegraph  clerks  are  some- 
times however  able  to  help  themselves,  and  a  case  lately  occurred 
of  a  superintendent,  having  to  convey  to  a  branch  bank  notice  of 
stoppage,  drawing  out  his  own  balance  before  he  delivered  the  no- 
tice. 

In  the  progress  of  such  an  invention,  and  in  its  greater  economy, 
its  aj)plication  must  be  very  extensive.  In  the  last  session  a  tele- 
graph was  worked  between  the  House  of  Commons  and  the  com- 
mittee rooms,  and  it  is  evident  that  it  can  be  usefully  employed  in 
large  offices  and  factories,  where  in  time  tlie  telegraph  wire  will  be 
as  extended  as  the  l)ellwire.  The  greater  the  extension  the  greater 
the  prospect  of  improvement  and  economy  to  the  public,  and  we 
can  only  wish,  though  we  scarcely  hope,  that  a  system  so  valuable 
will  be  received  in  a  favourable  spirit  on  the  part  of  the  public, 
and  meet  with  a  greater  degree  of  encouragement  than  is  usually 
afforded  to  new  inventions. 


ON  THE  LAP  AND  LEAD  OF  THE  SLIDE  VALVE. 

The  slide  valve  is  that  part  of  a  steam  engine  which  causes  the 
motion  of  the  piston  to  be  reciprocating.  It  is  made  to  slide  upon 
a  smooth  surface,  called  the  cylinder  face,  in  which  there  are  three 
openings  to  as  many  pipes  or  passages :  two  for  the  admission 
of  steam  to  the  cylinder,  above  and  below  the  piston,  alternately  ; 
while  the  use  of  the  third  is  to  convey  away  the  waste  steam.  The 
first  two  are,  therefore,  termed  the  induction  or  steam  ports,  and 
the  remaining  one  the  eduction  or  exhaustion  port. 

The  slide  is  enclosed  in  a  steam-tight  case,  called  the  slide- 
jacket  ;  and  motion  is  communicated  to  it  by  means  of  a  rod  work- 
ing through  a  stuffing-box. 

The  steam  from  the  boiler  first  enters  the  jacket,  and  thence 
passes  into  the  cylinder,  thriuigh  either  steam  port,  according  to 
the  position  of  the  slide,  which  is  so  C(Mitrived  that  steam  cannot 
pass  from  the  jacket  to  the  cylinder  through  botli  steam  ports  at 
the  same  time,  or  through  the  eduction  port  at  any  time. 

Case  1. — When  a  Slide  has  neither  Lead  ou  Lap. 

Fig.  1  represents  the  cylinder  face  for  a  "  Murray  slide"  without 
lap ;  a  and  b  being  the  induction  ports,  and  c  the  eduction. 

Figs.  2,  3,  and  t,  are  similar  sec^tions  of  the  nosle,  showing  the 
slide  in  its  central  and  two  extreme  positions.  It  occupies  the 
mid-position,  fig.  2,  when  the  piston  is  at  either  extremity  of  its 
stroke  ;  the  extreme  position,  fig.  3,  when  the  piston  is  at  half- 
stroke  in  its  descent ;  and  that  shown  in  fig.  -t,  when  the  piston  is 
at  half-stroke  in  its  ascent. 

When  a  slide  has  no  lap,  the  width  of  its  facing,  at/and^  (fig. 


2),  equals  that  of  the  steam  ports;  the  lap  being  any  additional 
width  whereby  those  ports  are  overlapped. 
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Fis,  1.  Fig.  2.  Fig.  3.  Fie.  4. 

That  the  waste  steam  may  have  unobstructed  egress,  the  exhaus- 
tion port  c  must  be  made  of  no  less  widtli  tiian  the  steam  ports  ; 
and,  for  the  same  reason,  the  bars  d  and  e  should  corres])ond  with 
the  slide  face  at  /  and  g.  The  three  ports,  together  with  the  bars 
between  and  beyond  them,  are  therefore  drawn  of  equal  width ; 
the  total  length  of  the  slide  being  equal  to  the  distance  between 
the  steam  sides  of  the  steam  ports. 

The  distance  through  which  the  slide  moves,  in  passing  from  one 
extreme  position  to  the  other,  is  called  its  travel ;  which,  in  this 
case,  equals  twice  the  port. 

When  the  motion  of  a  slide  is  produced  by  means  of  an  eccen- 
tric, keyed  to  the  crank  shaft  and  revolving  with  it,  the  relative 
positions  of  the  piston  and  slide  depend  upon  the  relative  positions 
of  the  crank  and  eccentric. 

Demonstration. 

Diagram  1. 

Let  ab,  diagram  1,  represent  the 
crank ;  then  b  being  the  crank- 
pin,  and  a  the  centre  of  motion, 
the  larger  circle  represents  the 
orbit  of  the  crank,  and  its  diame- 
ter b  c  the  stroke  of  the  piston. 
Supposing  the  cylinder  to  be  an 
upright  one,  having  the  crank- 
shaft immediately  aboie  or  below 
it,  the  connection  between  the 
piston-rod  and  crank  being  merely 
a  connecting-rod,  i\ithout  the  in- 
tervention of  a  beam,  it  is  evident 
r  that  when  the  position  of  the  crank 

is  a  b,  the  piston  will  be  at  the  top  of  the  cylinder,  and  at  the  bot- 
tom when  its  position  is  a  c.  The  relative  positions  of  the  crank 
and  piston,  at  any  point  of  the  stroke  between  the  t«o  extremes, 
depend  upon  the  length  of  the  connecting-rod  :  for  the  present, 
however,  let  us  suppose  the  connecting-rod  to  be  of  infinite  length, 
and  therefore  always  acting  upon  the  crank  in  parallel  lines,  so 
that  when  the  crank  is  at  d,  e  will  be  the  apparent  position  of  the 
piston,  and  /  the  same  when  the  crank  is  at  </ ;  the  piston  being 
represented  by  the  sine  of  the  arc  described  by  the  crank  from 
either  of  the  points  b  and  c,  in  the  direction  of  the  arr()W. 

The  diameter  h  i,  of  the  inner  circle  of  the  diagram,  represents 
the  travel  of  the  slide,  and  its  radius  the  eccentricity  of  tlie  eccen- 
tric; or,  regarding  the  eccentric  as  a  crank,  the  radius  may  be  said 
to  represent  that  crank,  as  ab  represents  the  main  crank.  The 
travel  of  a  slide,  without  lap,  being  equal  to  twice  the  port,  the 
two  steam  ports  are  represented  by  the  spaces  a  h  and  a  ?,  but 
transposed,  a i  being  the  passage  to  the  top  of  the  cylinder,  and  a h 
that  to  the  bottom. 

Supposing  the  piston  to  be  at  b  (the  top  of  the  cylinder),  the 
position  of  the  slide  will  be  that  shown  in  fig.  2,  the  direction  of 
its  motion  being  downward,  so  that  the  jxirt  a  (same  figure),  or  a  i 
in  the  diagram,  may  be  gradually  opened  for  the  admission  of  steam 
above  the  piston,  iintilthe  piston  has  arrived  at  half-stroke,  when 
it  will  be  fully  open,  as  shown  in  fig.  3.  The  direction  of  the 
slide's  motion  is  then  reversed,  so  that  when  the  piston  has  com- 
pleted its  descent,  the  port  /i,  figs.  1  to  4,  or  a  h  in  the  diagram, 
will  begin  to  open  for  the  admission  of  steam  beneath  it,  and  ex- 
naustion  will  commence  from  above  it  through  the  port  n,  or  a  i, 
and  exhaustion  port  c,  the  slide  being  again  brought  into  its  central 
position,  fig.  2. 

Now  the  slide  being  at  half-stroke,  when  the  piston  is  at  either 
extremity  of  its  stroke,  if  we  make  ab  the  position  of  the  crank, 
ak  will  be  that  of  the  eccentric;  and  the  axis  of  the  crank  being 
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likewise  that  of  the  eccentric,  they  must  necessarily  revolve  in 
equal  times,  and  always  at  the  same  distance  apart ;  tlierefore, 
when  the  crank  has  readied  the  point  d  (supposing  it  to  move  in 
the   direction  of  tlie  arrow)  the  eccentric  will  liave  advanced  to /, 
and  ed  and  im  represent  the  positions  of  the  piston  and  slide  re- 
spectively ;  showing-,  that  when  the  piston  lias  descended  to  e,  the 
steam  port  a  i  in  the  diagram,  or  a  figs.  1  to  4,  will  be  open  to  the 
extent  a  m.     Again, — when  the  crank  is  at  n,  and  the  piston  conse- 
quently at  half-stroke,  a  i  will  be  the  position  of  the  eccentric,  the 
port  a  i  being  fully  open,  and  the  slide  occupying  tlie  extreme  posi- 
tion shown  in  fig.  3.     The  direction  of  the  slide's  motion  is  now 
reversed,  and  the  port  is  again  gradually  covered  by  the  slide  face 
until  the  positions  of  the  crank  and  eccentric  are  a  c  and  a  o,  when 
the  piston  will  have  completed  its  descent,  and  the  port  a  i  will  be 
completely  closed,  the  slide  being  again  brought  into  its  central 
position,  fig.  2.      The  opposite  steam  port  a  k  now  begins  to  open 
for  tlie  admission  of  steam,  and  the  direction  of  the  piston's  motion 
is  reversed  ;  the  port  continues  to  open  until  the  crank  and  eccen- 
tric reach  the  points  p  and  /;,  when  the  piston  will  again  be  at  half- 
stroke,  and  the  slide  in  its  extreme  position,  fig.  4.     Meanwhile, 
exhaustion  from  above  the  piston  has  been  taking  place,  to  the  same 
extent,  through  the  port  a  i.     Finally, — the  piston  having  com- 
pleted its  ascent,  the  slide  again  occupies  its  original  position,  fig.  2, 
and,  its  course  being  downward,  steam  is  again  admitted  into  the 
cylinder,  through  tlie  port  a ;  the  jiiston  tlien  begins  to  descend, 
and,  at  the  same  instant,  exhaustion  ceases  from  above,  and  com- 
mences from  below  it,  through  the  port  h. 

It  is  sometimes  urged  against  the  use  of  the  eccentric,  as  a  means 
of  actuating  the  slide,  that  the  steam  ports  are  opened  and  closed 
too  slowly ;  but  it  must  be  remembered  that  the  piston  does  not 
move  at  a  uniform  velocity,  as  the  crank  does;  for  example,  while 
the  crank  describes  the  arc  h  rf,  the  piston  descends  only  from  b  to 
e,  the  versed  sine  of  that  arc  ;  and  its  velocity  is  gradually  iucreaed 
as  it  approaches  the  middle  of  its  stroke,  where  it  is  greatest, 
being  equal  to  that  of  the  crank.  Again, — as  the  piston  approaches 
the  end  of  its  stroke,  its  velocity  is  diminished  in  the  same  ratio  as 
that  in  which  it  had  previously  increaseil,  until  the  completion  ot 
its  stroke,  where  it  remains  stationary  during  the  small  space  of 
time  in  which  the  direction  of  its  motion  is  reversed. 

Now,  it  must  be  olivious  that  less  steam  is  required  to  impel  the 
piston  at  a  slow  rate  than  at  a  rapid  one ;  and  a  glance  at  diagram  1 
shows  that  the  steam  admitted  into  the  cylinder,  when  tlie  slide  is 
actuated  by  an  eccentric,  is  at  all  times  proportioned  to  the  velocity 
of  the  piston,  the  port  being  least  open  when  the  pistcm  is  near  the 
end  of  its  stroke,  and  fully  open  when  it  is  at  half-stroke. 

When  an  eccentric,  instead  of  being  set,  as  in  the  preceding  case, 
so  that  the  steam  port  shall  only  begin  to  open  when  the  piston 
commences  its  stroke,  is  so  placed  that  the  port  shall  be  open  to 
some  extent  prior  to  the  commencement  of  the  stroke,  the  width 
of  that  opening  is  termed 

The  Lead. 
The  non-use  of  lead  is  disadvantageous,  chiefly  because  at  the 
commencement  of  every  stroke,  the  steam  has  to  contend  « ith  the 
whole  force  of  that  which  had  impelled  the  piston  during  its  pre- 
vious stroke.  But,  besides  obviating  that  disadvantage,  the  lead 
is  of  essential  ser\ice  in  locomotive  engines,  "  where  it  is  found 
necessary^to  let  the  steam  on  to  the  opposite  side  of  the  piston 
before  the  end  of  its  stroke,  in  order  to  liring  it  up  gradually  to  a 
stop,  and  diminish  the  violent  jerk  that  is  caused  by  its  motion 
being  changed  so  very  rapidly  as  five  times  in  a  second.  The  steam 
let  into  the  end  of  a  cylinder  before  the  piston  arrives  at  it,  acts 
as  a  spring  cushion  to  assist  in  changing  its  motion  ;  and  if  it  were 
not  applied,  the  piston  could  not  be  kept  tight  upon  the  piston- 
rod." — Description  of  Stephenson's  Locomotive  Engine,  "  Tredyold." 

Case  2. — When  a  Slide  has  Lead  without  Lap. 

Diagram  2.  Let   a  1),  diagram  2,  represent  the 

stroke  of  the  piston  ;  c  d  the  travel  of 
the  slide  ;  and  efihe  lead;  then,  sup- 
posing the  piston  to  be  at  the  top  of 
the  cylinder,  e  a  is  the  position  of  the 
crank,  and  eg  that  of  the  eccentric. 
Following  the  course  of  the  crank,  in 
the  direction  of  the  arrow,  we  find 
the  port  erf  fuUy  open,  not,  as  in  the 
former  ease,  when  the  piston  is  at 
half-stroke,  but  when  it  has  descended 
to  the  point  h, — the  arc  a  i,  described 
by  the  crank,  being  equal  to  the  -drcgd, 
described  by  the  eccentric.  Again, — 
we  find  the  port  re-closed  when  the 
piston  has  descended  to  »',  at   which  point  exhaustion  commences 


from  above  the  piston  through  e  d,  and  steam  enters  below  it  through 
e  c,  for  the  return  stroke,  at  the  commencement  of  which  the  iiort 
ec  is  open  to  the  extent  el  (equal  to  e/)  for  the  admission  of 
steam,  while  e  d  is  open  to  the  same  extent  for  exhaustion. 

It  is  to  be  remarked,  that  the  amount  of  lead  is  necessarily  very 
limited  in  practice,  its  tendency  being  to  arrest  the  progress  of  the 
piston  before  the  completion  of  its  stroke.  The  greatest  possible 
amount  of  lead  equals  half  the  travel  of  the  slide.  The  eccentric 
would  in  that  case  be  set  diametrically  opposite  to  its  first  position, 
which  would  have  the  effect  of  reversing  the  direction  of  the  pis- 
ton's motion. 

In  the  case  of  a  slide  having  lead  h  ithout  lap,  the  distance  of  a 
piston  from  the  end  of  its  stroke,  when  the  lead  produces  its  effect 
is  proportional  to  the  lead  as  the  versed  sine  of  an  arc  is  to  its 
sine,  supposing  the  radii  of  the  crank  and  eccentric  to  be  equal. 
Demonstration. 
Diagram  3.  Let  a  b,  diagram  3,  represent  both  tlie 

travel  of  the  slide  and  tlie  piston's 
stroke ;  then  c  a  and  c  b  represent  the 
steam  ports.  And  let  cd  represent  the 
lead;  then  ca  and  ce  represent  the 
crank  and  eccentric,  the  piston  being  at 
the  top  of  the  cylinder.  Now,  steam 
will  enter  the  cylinder,  below  the  piston, 
when  the  eccentric  is  utf,  and  the  crank 
at  g;  for  the  arcs  a  eg,  and  ebf  are 
equal.  Again, — the  arc  g  b  is  equal  to 
h  e  ;  therefore,  ig  is  equal  to  k  e,  and  i  b 
to  k h.  Now,  he  IS  the  sine  of  the  arc  h  e,  and  k k  (equal  to  ;  6)  is 
its  versed  sine  :  hence 

Rule  I. — To  find  the  distance  of  the  piston  from  the  end  of  its 
stroke,  when  the  lead  produces  its  effect : — 

Divide  the  lead  by  the  width  of  tlie  steam  port,  both  in  inches, 
and  call  the  quotient  sine;  multiply  its  corresponding  versed  sine, 
found  in  the  table,  by  half  the  stroke,  and  the  product  will  be  the 
distance  of  the  piston  from  the  end  of  its  stroke,  when  steam  is 
admitted  for  the  return  stroke,  and  exhaustion  commences.     Or, 

Rule  II. — To  find  the  lead,  the  distance  of  the  piston  from  the  end 
of  its  stroke  being  given  : — 

Divide  the  distance  in  inches  by  half  the  stroke  in  inches,  and 
call  the  quotient  versed  sine  ;  multiply  its  corresponding  sine  by 
the  width  of  steam  port,  and  the  product  will  be  the  lead. 

Example  1. — The  stroke  of  a  piston  is  48  inches  ;  width  of  steam 
port  2i|  inches  ;  and  lead  ^  inch  :  required  tlie  distance  of  the  pis- 
ton from  the  end  of  its  stroke,  when  exhaustion  commences. 

Here,  'S  -;-  2-5  =  "2  ^  sine ;  and  versed  sine  of  sine  '2  ^=  •0202. 
Then,  -0202  X  24  =  -4848  inches. 

Example  2. — The  stroke  of  a  piston  is  48  inches  ;  width  of  steam 

port  2-5  inches ;  and  distance  of  piston  from  the  end  of  its  stroke, 

when  exhaustion  commences,  -4848  inches :  required  the  lead. 

Here,  -4848  -^  24  =  -0202  =  versed  sine ; 

and  sine  of  versed  sine  '0202  =^  "2. 

Then,  -2  X  2-5  - -5  —  lead. 

When  the  lead  of  a  slide  is  equal  to  the  width  of  steam  port 
multiplied  by  any  number  in  the  first  column  of  the  following 
table,  the  distance  of  the  piston  from  the  end  of  its  stroke,  when 
steam  is  admitted  on  the  exhaust-si<le,  will  be  eijual  to  half  the 
stroke  multiidied  by  the  corresponding  number  of  the  second 
column.  Or,  if  the  distance  of  the  piston  from  the  end  of  its 
stroke,  when  steam  is  admitted  on  the  exhaust-side,  be  equal  to 
half  the  stroke  multiplied  by  any  number  in  the  second  column, 
the  width  of  steam  port  multiplied  by  the  corresponding  number 
of  the  first  column  equals  the  lead. 
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The  Lap. 

A  slide  is  s;ii<l  to  have  hip  wlien  the  width  of  its  face  is  greater 
tliiiiithat  of  the  steam  ports,  the  ports  heing  thereby  overhipped, 
«s  ill  fifl.  7. 

It  is  to  he  remarked  that  slides  should  have  some  degree  of  lap 
on  lioth  the  steam  aiul  exhaustion  sides  of  the  passage,  because, 
althouirh  in  theory  an  ajierture  may  he  said  to  be  completely  closed 
when  covered  by  \i  bar  of  similar  width,  yet,  in  the  construction  of 
.-1  slide  without' lap,  we  cannot  insure  such  accuracy  oi  fit  as  to 
])reclude  the  possibility  of  steam  entering  or  leaving  both  steam 
ports  at  the  same  time. 

Lap  on  the  steam  side  has  the  effect  of  cutting  off  the  steam 
from  the  cylinder,  by  closing  the  port  before  the  coni|iletion  of  the 
stroke,  the  remainder  of  the  stroke  being  effected  by  the  expansion 
of  the  steam  already  admitted. 

Demnnstration. 

Case   3. When    a    Slide    has    Lap    on   the    Steam    side, 

WITHOUT    Lead. 

Let  a  b  and  6  c,  diagram  4,  represent  the  lap  at  both  ends  of  the 
slide  ;  and  let  a  d  and  c  e  represent  the  two  steam  ports  ;  then  d  e 
will  re])resent  tlie  tra\  el  of  the  slide,  which,  in  this  case,  equals 
twice  the  steam  purt,  plus  twice  the  lap. 

Diagram  4. 


Supposing  de  also  to  represent  the  stroke  of  the  piston,  and  that 
the  ])iston  is  on  the  top  stroke,  then  hd  and  bf  are  the  respective 
IHisitionsof  the  crank  and  eccentric;  for  the  slide,  instead  of  occu- 
pying its  central  position,  when  the  piston  is  at  the  end  of  its 
stroke  (as  in  Case  1),  must  be  set  in  advance  of  that  position  to 
tlie  extent  of  the  lap,  that  steam  may  enter  the  cylinder  when  the 
piston  begins  to  move.     (See  fig.  5.) 


When  the  eccentric  has  advanced  from  /  to  c,  the  crank  will 
liave  reached  the  point  g ;  the  piston  is  therefore  at  a  when  the 
port  ce  is  fully  open,  the  slide  being  then  in  the  position  fig.  G. 


Again, — when  the  eccentric  has  reached  the  point/;,  thejiortcf 
will  be  re-closed  (fig.  .5),  and  i  will  be  the  position  of  the  j)iston  ; 
therefore,  the  distance  of  tlie  jiiston  from  the  end  of  its  stroke, 
when  the  steam  is  cut  off,  is  pri>))ortioned  to  the  whole  stroke,  as 
ieis  to  de. 

When  the  eccentric  arrives  at  fr,  the  slide  will  oc<-u])y  its  central 
position  (fig.  7),  and  the  piston  will  be  at  w,  wliere  exiuiustion 
commences  from  above  it  ;  but  steam  is  not  admitted  below  it,  for 
the  return  stroke,  until  the  eccentric  has  reached  the  point  n, 
where  the  port  o  (/  begins  to  open,  the  position  of  the  slide  at  that 
moment  being  that  shown  in  fig.  8. 

When  the  eccentric  arrives  at  rf,  the  ])ort  will  be  fully  ojien,  the 
slide  being  then  in  its  extreme  position,  fig.  i)  ;  and  it  will  be  re- 
closed  when  the  eccentric  arrives  at  (/,  and  the  piston  at  p,  where 
the  steam  is  cut  off,  the  position  of  the  slide  being  again  that  shown 
in  fig.  8.  Again, — when  the  eccentric  reaches  tlie  point  r,  exhaus- 
tion ceases  from  above  the  piston,  which  is  then  at  .v,  and  com- 
mences from  lielow  it,  the  slide  being  then  in  its  central  position, 
fig.  7,  and  moving  downward.  Finally, — the  crank  having  arrived 
at  rf,  and  the  eccentric  at  f,  the  piston  will  have  completed  its 
ascent,  and  the  slide  will  occupy  the  position  fig.  5,  as  at  starting. 

The  steam  was  shown  to  be  cut  off  when  the  piston  had  de- 
scended frtmi  d  to  ?,  the  crank  having  descrilied  the  arc  d g  H,  and 
the  eccentric  the  arc/e/j.  Now,  di  is  the  versed  sine  ui'dgii,  and 
ec  is  the  versed  sine  of  half  _/>/*;  and  d  g  ii  and  felt  are  equal 
arcs.     Hence 

Rule  III. — To  find  at  what  part  of  the  stroke  steam  will  be  cut  off 
with  a  given  ainoiiiit  of  lap : — 

Divide  the  width  of  steam  jiort,  by  itself,  plus  the  lap,  and  call 
the  quotient  versed  sine.  Find  its  corresponding  arc  in  degrees 
and  minutes,  and  call  it  arc  the  first.  If  arc  the  first  be  less  than 
45  degrees,  multijily  the  versed  sine  of  twice  that  arc  by  half  the 
stroke  in  inches,  and  the  product  will  be  the  distance  of  the  piston 
from  the  commencement  of  its  stroke,  when  the  steam  is  cut  off. 

If  arc  the  fii'St  exceed  45  degrees,  multiply  the  versed  sine  of 
the  difference  between  double  that  arc  and  ISO  degrees  by  half  the 
stroke,  and  the  product  v\  ill  be  the  distance  of  the  piston  from  the 
end  of  its  stroke  when  the  steam  is  cut  off. 

Rule  IV. — To  find  the  amount  of  lap  necessary  to  cut  off  the  steam 
at  any  given  part  of  the  stroke  : — 

If  it  be  required  to  cut  off  the  steam  before  half-stroke,  divide 
the  distance  the  piston  moves  before  steam  is  cut  oft',  by  half  the 
stroke,  and  call  the  quotient  versed  sine.  Find  the  arc  of  that 
versed  sine,  and  also  the  versed  sine  of  half  that  arc.  Divide  the 
difference  between  the  versed  sine  last  found  and  unity,  by  the 
versed  sine,  and  multiply  the  width  of  steam  port  by  the  quotient; 
the  product  will  be  the  lap. 

If  it  be  required  to  cut  off  the  steam  at  a  point  beyond  half- 
stroke,  divide  the  distance  of  the  piston  from  the  end  of  its  stroke, 
when  steam  is  cut  off,  by  half  the  length  of  stroke  ;  call  the  ipio- 
tient  versed  sine  ;  find  its  corresponding  arc,  and  subtract  it  from 
180  degrees.  Find  the  versed  sine  of  half  the  remainder,  and  sulv- 
tract  it  from  unity.  Divide  the  remainder  by  the  versed  sine,  and 
multiply  the  width  of  the  steam  port  by  the  quotient;  the  product 
wUl  be  the  lap. 

Example  3. — The  stroke  of  a  piston  is  36  inches;  width  of  steam 
port  I5  inch  ;  and  lap  6  inches  :  required  the  point  of  the  stroke 
at  which  steam  will  be  cut  off. 

Here  1'5  -|-  6  ^  7-5  ;  and  1-5  -f-  7-5  =  -2  =  versed  sine ; 

arc  of  versed  sine  '2  =  36°  52'  (arc  the  first) ; 
and  36°  52'  X  "-i  —  73°  44'  =  arc  of  versed   sine,   -7198. 
Then  -7198  X  18  =  12-95  inches  =  distance  of  the  piston  from 
the  commencement  of  its  stroke  when  the  steam  is  cut  off. 

Example  4. — The  stroke  of  a  piston  is  36  inches  ;  width  of  steam 
port  l.i  inch  ;  and  extent  of  la|)  If  inch  :  required  the  point  of  the 
stroke  at  which  steam  is  cut  off. 

Here  1-5  -(-  1-25  =  2-75;  and  1-5  -h  2-75  =:  -5454  =  versed  sine 
of  arc  62°  58'  (arc  the  first). 

Then  62°  58'  X  2  =  125°  56';  and  180°  -  125°  56'  =  54°  4'  =  arc 
of  versed  sine,  '4131  ;  '4131  x  18  ^  7*43  inches  ^  distance  of 
the  piston  from  the  end  of  its  stroke  when  the  steam  is  cut  off. 

Example  5. — The  stroke  of  a  piston  is  36  inches;  width  of  steam 
port  1"5  inches  ;  and  distance  of  the  piston  from  the  commence- 
ment of  its  stroke,  when  the  steam  is  cut  oft',  12'95  inches:  required 
the  lap. 

Here  12-95  -f-  18  ==  "7198  =  versed  sine  of  arc  73°  44'; 
73°  4.  t'  -^  2  =  36°  52'  =  arc  of  versed  sine  '2. 
Then  1  -  -2  =  -8  ;  and  -8-1-2  =  4;  l-5x  4=6  inches  =  lap. 
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Example  6. — The  stroke  of  a  piston  is  36  inches;  width  of  steam 
port  1"5  inches  ;  and  distance  of  piston  from  the  end  of  its  stroke, 
when  steam  is  to  be  cut  off,  7'43  inches:  required  the  lap. 

Heie  7--13  -^  18  =  -ilSl  =  versed  sine  of  arc  54°  4.'. 
Then   180°  -  54°  4'  =  125°  56' ;     and  125°  56'  -r  2  =  62°  58'  = 
arc  of  versed  sine  '5454. 

1  -  -545  !■  -  -4546;  and  -4546  -f-  -5454  =  -8335; 
■8335  X   1'5  =  1-25  inches  =  lap. 

Exhaustion  was  shown  to  commence  when  the  piston  was  at  m  in 
its  descent,  and  at  s  in  its  ascent  ;  /  and  /  being  tlie  corresponding 
positions  of  the  crank  at  those  times.  Now  d  and/  were  the  re- 
spective startinff  points  of  the  crank  and  eccentric;  and  the  arc 
<1  <jl,  described  by  the  crank,  is  equal  to  the  arc/e/i,  described  by 
the  eccentric.     Therefore,  r/ande/  are  equal  arcs.     Hence, 

To  find  the  distance  of  the  piston  from  the  end  of  its  stroke 
when  exhaustion  commences,  subtract  arc  the  first  (found  by  Rule 
III.)  from  90  degrees,  and  multiply  the  versed  sine  of  the  re- 
mainder by  half  the  stroke.  The  product  will  he  the  distance  re- 
quired. 

E^rample  7.— Arc  the  first  (Example  3)  =  36°  52' ;  and  90°  - 
36°  52'  =  53°  8'  =  arc  of  versed  sine  -4 

Then  -4x18  =  7*2  inches,  the  distance  required. 

E.ramp/e  8.— Arc  the  first  (Example  4)  =  62°  58' ;  and  90°  - 
62°  58'  =  27°  2'  =  arc  of  versed  sine  -1092. 

Then  -1092  X  18  =  1-9656  inches,  the  distance  required. 

From  the  foregoing  examples,  it  is  obvious  that  whatever  may 
be  the  relati\e  i)r(q)ortions  of  the  length  of  stroke  and  width  of 
steam  port,  the  lap  must  be  some  multiple  of  the  port,  that  the 
steam  may  be  cut  off  at  any  given  point  of  the  stroke. 

The  annexed  table  exhibits  a  series  of  multipliers  for  determin- 
ing the  amount  of  lap  necessary  to  cut  off  the  steam  at  any  part 
of  tlie  stroke  from  g  th  to  §  ths,  when  the  slide  has  no  lead. 

Muttipliers. 
'Jtb 14-48 


Portion  of  the  stroke 
to    be    performed   by 
the  piston  before   the- 
steam  is  cut  off. 


Lf 


6-46 
3-7? 
2-41 
1-58 
1-00 
•54 


We  shall  next  month  proceed  to  examine  the  conditions  of  the 
slide  valve  with  both  "  lead  and  lap." 

R.  B.  C. 


HEALTH   OF   TOWNS— THE   GOVERNMENT  AND 

THE   PROFESSION. 

Now  that  the  sanitary  movement  is  likely  to  hear  fruit,  it  will 
be  well  for  our  professional  readers  to  turn  their  attention  to  the 
share  which  they  are  to  have  in  the  rewards,  after  having  borne 
their  part  of  tlie  labour.  While  engineers,  architects,  and  sur- 
veyors have  been  working  hard  in  carrying  out  sanitary  reform, 
in  improving  the  drainage,  in  reducing  the  cost  of  sewers,  in  miti- 
gating the  smoke  nuisance,  in  warming,  in  ventilating,  in  the 
construction  of  dwellings,  in  the  application  of  sewage  mantires, 
and  in  many  other  ways, — medical  men  and  members  of  j)arliament 
Iiave  been  making  speeches,  and  claiming  the  honours  of  the  cam- 
paign, as  it  seems  they  claim  the  emoluments.  AVith  what  justice 
members  of  the  constructive  professions  can  be  kept  out  of  siglit, 
we  do  not  know ;  but  there  is  a  determined  set  on  the  part  of  the 
medical  men  to  keep  them  out,  and  to  monopolise  the  merit  and 
the  patronage.  Of  the  five  Metropolitan  Sanitary  Commissioners, 
two  are  medical  men,  viz..  Dr.  Southwood  Smith  and  Professor 
Owen ;  and  not  one  is  engineer,  architect,  or  surveyor.  The  com- 
missioners, at  page  51  of  their  First  Report,  speak  as  follo\\s  : — 

"  It  has  appealed  to  be  our  duty  to  state,  that  we  have  had  pre- 
sented to  us  ground  of  exception  against  one  class  of  appoint- 
ments to  these  commissions,  namely,  that  of  surveyors,  of  architects 
in  practice,  of  builders,  traders,  agents,  and  professional  persons 
connected  with  building  operations  in  their  respective  districts." 

We  think  the  bias  of  this  passage  is  readily  to  be  seen,  though 
it  does  not  impugn  the  appointment  of  engineers,  architects,  or 
surveyors,  as  paid  commissioners,  such  officers  not  practising. 
There  is  no  reason  given  why  an  architect  and  an  engineer  should 
not  be  appointed  on  the  Metropolitan  Sanitary  Commission  in 
addition  to  the  physician  and  surgeon,  or  naturalist.     We   will 


show  afterwards  what  reason  there  is  why  the  two  former  shotdd 
be  appointed. 

The  following  paragraph  of  the  Report  contains  an  insinuation, 
well  worthy  of  notice,  for  it  has  its  object : — • 

"  The  more  the  investigation  advances,  the  more  is  it  apparent 
that  the  progressive  improvement  and  proper  execution  of  this 
class  of  public  works,  together  with  the  appliances  of  hydraulic 
engineering,  cannot  be  reasonably  expected  to  be  dealt  with  inci- 
dentally, or  collaterally  to  ordinary  occupation,  or  even  to  con- 
nected professional  pursuits,  but  require  a  degree  of  special  study 
which  not  only  place  them  beyond  the  sphere  of  the  discussion  of 
popular  administrative  bodies,  but  beyond  that  of  ordinary  profes- 
sional engineering  and  architectural  practice.  In  justification  of 
this  conclusion,  and  to  show  the  evil  of  the  perverted  applications 
of  names  of  high  general  professional  authority,  we  might  adduce 
examples  of  the  most  defective  works  which  have  received  their 
sanction." 

The  aim  of  this  is,  that  the  abuse  shall  he  an  argument  against 
the  use  :  because  some  architects  have  laid  down  expensive  sewers, 
engineers,  architects,  and  surveyors  shall  be  excluded ;  because 
Professor  Donaldson  and  Mr.  Joseph  Gwilt  approve  of  the  old 
system,  those  who  have  fostered  and  executed  the  new  system 
shall  not  be  employed.  This  is  what  the  commissioners  mean, 
though  they  do  not  say  it  fully  ;  and  we  put  it  to  the  public 
whether  it  is  fair  to  professions,  which  by  their  talent  and  their 
intelligence  have  so  much  contributed  to  the  reputation  of  the 
country. 

It  may  be  taken  as  a  matter  of  course  that  Crown  Commissioners 
recommend  the  em]>loyment  of  the  government  Caleb  Quotem, 
"  the  Corps  of  Royal  Engineers,"  to  execute  a  survey  of  the  metro- 
politan districts.  This  we  conceive  to  be  the  finishing  touch  to 
the  wrongs  and  insults  which  the  Sanitary  Commissioners  have  in 
this  Report,  and  in  their  proceedings,  heaped  up'on  highly  honour- 
able professions. 

If  it  be  needful  to  show  that  engineers,  architects,  and  surveyors 
can  be  of  some  use,  we  shall  appeal  to  the  Report  of  the  Sanitary 
Commissioners,  the  recommendations  in  which  are  based  on'  the 
evidence  of  Mr.  Roe,  the  Surveyor  of  the  Holborn  and  Finsbury 
District,  Mr.  Phillips,  the  Surveyor  of  the  Westminster  District, 
and  other  aide  officers.  In  truth,  as  our  pages  would  show,  Mr. 
Roe  has,  by  liis  indefatigable  exertions,  already  carried  out  mucli 
of  the  plans  now  advocated  by  the  Sanitary  Commissioners,  and 
has  only  been  prevented  by  the  Commissioners  of  Sewers  from 
doing  more.  Surely  these  officers  are  to  be  balanced  against  those 
who  liave  adhered  to  a  practice  which  has  only  recently  been 
opposed  and  condemned.     AVhat  do  the  commissioners  tell  us.-* 

"  All  the  improvements  which  the  public  have  yet  obtained  in 
this  branch  of  public  works,  have  been  the  result  of  the  special 
and  undivided  practical  attentions  of  well-qualified  paid  officers, 
and  it  appears  to  us  that  furtlier  improvement  must  be  sought  by 
the  same  means,  and  that  one  of  the  chief  objects  of  future  ad- 
I  ministrative  arrangements  must  lie  to  secure,  ))rotect,  and  encou- 
j  rage  the  zealous,  undivided  attention  and  efficient  labour  of  such 
officers." 

If  engineers  and  surveyors  have  already  effected  "  all  the  im- 
provements wliich  the  public  have  yet  obtained  in  this  branch  of 
public  works;"  and  if  to  them,  as  scientific  officers,  the  public  have 
to  look  for  future  im)irovements,  we  can  see  no  reason  for  the  slur 
cast  on  them  by  their  exclusion  from  the  present  commission,  by 
the  announced  exclusion  from  future  commissions,  and  by  the  em- 
ployment of  the  Corps  of  Royal  Engineers,  of  whom — with  all  re- 
spect be  it  said — the  reputation  is  not  European.  M^e  cannot  hold 
the  appointment  of  Mr.  Austin  to  the  secretaryship  of  the  com- 
mission, nor  the  compliment  paid  to  the  executive  officers  of  the 
Commissioners  of  Sewers  as  any  alleviation  of  the  intended  slight. 
We  hope  Mr.  Edwin  Chadwick,  as  commissioner,  and  Mr.  Austin, 
as  secretary,  both  of  whom  have  done  well  in  the  cause  of  sanitary 
reform,  have  had  no  part  in  the  exclusive  policy  of  the  com- 
mission. 

We  have  the  highest  regard  for  the  medical  profession ;  we  have 
the  strongest  feeling  of  the  good  it  has  done  in  promoting  sanitary 
reform  ;  but  we  cannot  stand  still  while  medical  men  arrrgate  to 
themselves  the  merits,  the  honours,  and  the  rewards  of  sanitary 
reform.  Their  agitation  has  done  good,  we  admit ;  their  disin- 
terested advocacy  of  the  cause  claims  the  highest  praise ;  their 
evidence  has  given  a  body  and  strength  to  the  movement ;  but  it 
is  our  professions  which  have  worked  while  theirs  have  talked, — 
which  have  improved  the  forms  of  the  sewers,  and  reduced  the  price 
— wliich  have  cleansed  them  by  flushing,  and  which  by  a  mass  of 
individual  labour  have  perfected  and  carried  out  plans  of  improve- 
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iiieiit  in  every  brancli  of  cniistnu'tioii,  rniiiisteriiii;  to  tlio  [mblic 
(■omfort,  health,  and  lite.  Our  ])a2;es  have  had  their  share  in  these 
discussions,  and  we  have  co-operated  with  onr  pi'ofessioual  readers 
in  carrying  out  a  measure  ot  reform,  which  is  already  great.  In 
the  ILdhorn  and  Finsbury  and  Westminster  divisions  of  sewers 
.nlone,  a  reform  has  been  effected,  such  as  has  not  yet  t)een  seen  in 
Uiese  luatters  ;  and  we  are  ifi;norant  of  the  .share  the  medical  pro- 
fession have  taken  in  carryinuf  them  out. 

Within  a  period  not  very  distant,  the  new  Sanitary  Commis- 
sioners, or  Commissioners  of  Sewers,  will  lay  down  works  to  the 
amount  of  half  a  million,  perhaps  a  million  sterlini;,  upon  the  ad- 
vice, it  is  true,  of  competent  professional  officers,  though  under 
what  competent  supervision  on  the  part  of  tlie  commission,  we  are 
unaware.  ^Vhen  Mr.  Roe  proposes  his  plan  for  s|iendina;  a  quarter 
of  a  million  in  getting  a  new  outfall,  which  of  the  commissioners 
will  consider  it  his  special  dei)artment  to  examine  the  estimates, 
and  share  in  their  responsibility  ?  It  will  not  be  Lord  Robert 
Grosvenor — it  will  not  be  Mr.  Edwin  Chadwiok,  great  as  is  his 
capacity  as  an  administrator — it  will  not  be  Mr.  Richard  Lambert 
Jones,  though  he  is  Chairman  of  the  Bridge  Committee  in  the 
City — it  will  not  be  Dr.  Southwood  Smith  or  Professor  Owen. 
The  two  latter  will,  we  apprehend,  be  of  little  use  in  matters  like 
these,  and  will  take  no  part  in  them.  Thus,  a  member  of  parlia- 
ment, a  naturalist,  a  barrister,  an  auctioneer,  and  a  physician,  are 
to  superintend  the  disbursement  of  hundreds  of  thousands  of 
pounds  in  public  works,  and  to  appoint  "  well-qualified  paid  offi- 
cers" in  the  engineering  and  surveying  departments;  who  are  to 
have  "  a  degree  of  special  study  which  [shall]  not  only  place  them 
beyond  the  sphere  of  the  discussion  of  popular  administrati\e 
l)odies,  but  beyond  that  of  ordinary  professional  engineering  and 
architectural  practice." 

The  government  have  not  thought  it  necessary  to  give  a  fair 
representation  to  the  ])rofession  in  the  new  Commission  of  Sevvers, 
though  the  names  of  Mr.  Robert  Stephenson,  M.P.,  Mr.  Locke, 
M.P.,  Mr.  George  Rennie,  Mr.  Cubitt,  and  others,  are  well  enough 
known  at  AVhiteball. 

The  constitution  of  the  Metropolitan  Sanitary  Commission  is,  in 
reference  to  the  sphere  of  its  future  duties,  more  monstrous  than 
that  of  the  Railway  Commission,  where  three  parties,  who  know 
nothing  of  railways — a  member  of  parliament,  an  East  India  judge, 
and  an  officer  in  the  army — are  entrusted  to  meddle  with  railway 
works  and  administrations.  We  have  so  many  of  these  absurd 
appointments  of  late,  that  we  have  a  strong  impression  that  unfit- 
ness is  adopted  as  the  government  rule  for  office,  and  have  some 
ex])ectation  of  seeing  INIonsieur  Jullien  prime  minister.  Why  the 
engineering  profession  should  be  exposed  to  the  contumely  and 
neglect  from  which  it  suffers  at  the  hands  of  the  government,  we 
do  not  know ;  but  the  enumeration  of  the  Railway  Commission, 
the  Tidal  Harbour  Commission,  and  the  Metropolitan  Sanitary 
Commission,  is  a  sufficient  proof  that  a  degree  of  unfairness  is  dis- 
played, which  demands  immediate  and  effective  opposition.  Al- 
though the  reputation  of  English  engineers  is  well  known  to  the 
world — although  their  professional  skill  is  sought  in  every  country 
— it  may  be  that  they  are  thouglit  by  the  home  government  a  body 
too  inconsiderable  and  contemptible  to  withstand  oppression  or 
demand  fair  play. 

The  misconduct  of  the  government  on  this  head  has  reached  that 
height,  that  the  professions,  if  they  wish  to  maintain  their  public 
character,  caimot  do  otherwise  than  take  instant  steps  to  obtain 
justice.  They  have  no  security  at  present  for  the  appointment  of 
competent  commissioners,  or  efficient  officers,  or  for  the  employ- 
ment of  professional  men  at  all ;  there  is  no  security  that  officers 
of  the  Royal  Engineers,  and  other  branches  of  the  army,  will  not 
l>e  appointed  surveyors  of  the  sevvers  and  other  public  works,  the 
present  officers  being  superseded.  We  think  it  is  the  duty  of  the 
Institutions  of  Architects  and  Civil  Engineers  to  call  meetings  of 
their  members,  to  memorialise  the  government,  and  send  deputa- 
tions to  Whitehall,  and  take  every  other  necessary  step  to  vindi- 
cate the  rights  of  their  mend)ers.  Aggregate  meetings  of  engineers, 
architects,  and  surveyors,  should  be  held  in  the  metropolis,  and  in 
provinces  petitions  sent  to  jjarliament,  and  memorials  to  the  Trea- 
sury. 'l"he  members  of  parliament  intei'ested  in  the  welfare  of  the 
professions,  should  be  requested  to  take  steps  in  parliament  for 
obtaining  ex])laiuitions  from  the  ministers.  Mr.  Robei't  Stephen- 
son, Mr.  Locke,  and  Mr.  Cubitt,  would  no  doubt,  on  application, 
give  their  cordial  sui)p(u-t  to  any  necessary  measure. 

While  we  urge  tliese  strong  remarks  on  the  injustice  done  to 
engineers  by  the  Metropolitan  Sanitary  CNminiissioners,  it  must 
not  be  thouglit  that  we  undervalue  their  Report  on  the  practical 
points  to  whi<-h  they  ajqily  tliemselves.  We  are  glad  to  acknow- 
ledge it  as  a  step  forward  in  the  right  way. 


THE  FAN  BLAST. 

Series  of  Experimnntx  relntive  to  thr  Fan  Blant,  presented  hi/  Mr. 
Buckle,  o/'/Ae  Sn/in  Worlds,  to  tlf  nnvtiiuj  nf  the  Institute  of  Mechani- 
cal Engineers,  Birmingham,  May  17,  and  October  21,  18 17. 

(Paper  No.  1.) 

The  subject  of  this  paper  has  reference  to  a  portion  of  a  series  of 
experiments  on  the  Fan  Blast, — a  subject  which  many  members  of 
this  Institution  are  conversant  with  ;  but  it  is  hoped  that  hints 
here  thrown  out  maybe  serviceable  in  leading  to  such  constructions 
of  the  fan  as  shall  insure  the  greatest  useful  effect  with  the  least 
expenditure  of  power.  The  fan  has  become  an  indis|)ensable  ma- 
chine in  smithies  and  foundries,  it  abridges  time  and  labour,  and  is 
otherwise  a  great  imjjrovement  over  the  old  system  of  bellows. 
The  uniform  stream  of  the  former  admits  of  no  comparison,  by  the 
puffy  blasts  of  the  latter.  By  means  of  the  fan  the  smith  can  heat 
his  work  with  precision ;  he  can  vary  at  discretion  the  size  of  his 
nozzle  tweyere,  without  deteriorating  the  density  of  his  blast.  He 
can  conveniently  heat  one  piece  of  work  while  sliapiug  another. 

In  a  well-regulated  smithy,  the  main  pipe  from  the  fan  is  fur- 
nished with  an  air  chest  and  with  nozzle  pipes,  varying  from  one 
to  three  inches  diameter.  The  pressure  of  the  blast  is  made  to 
range  from  four  to  five  ounces  per  square  inch.  A  nozzle  pipe  of 
l|  inch  diameter  is  found  a  suitable  size  for  general  engine 
forcings.  ' 

The  position  of  the  fan  in  its  chest,  or  the  one  preferred  and 
generally  made  use  of,  is  an  eccentric  position.  The  continual  in- 
creasing winding  passage  between  the  tips  of  the  vanes  and  the 
chest,  serves  to  receive  the  air  from  every  point  of  its  circumfer- 
ence, and  forms,  as  it  were,  a  general  accumulating  stream  of  air  to 
the  exit  pipe.  The  particles  of  air  having  passed  the  inlet  opening, 
and  entering  on  the  heel  of  the  blade,  would  retain  the  same  circu- 
lar path  were  it  ncjt  for  the  centrifugal  force  of  the  air  due  to  its 
weight  and  velocity,  impelling  them  forward  towards  the  tips  of 
the  vanes;  and  this  continued  action  is  going  on,  particle  following 
particle,  till  they  are  ultimately  thrown  against  the  fan  chest,  and 
are  impelled  forward  to  the  exit  pipe.  It  is  by  this  centrifugal 
action  that  the  air  becomes  impelled  and  accumulated  into  one 
general  stream.  But,  as  will  be  presently  shown,  there  is  a  certain 
velocity  of  the  tips  of  the  fan  which  best  suits  this  action. 

An  ordinary  eccentric-placed  fan,  4  feet  diameter — the  blades  10 
inches  wide  and  It  inches  longhand  making  870  revolutions  per 
nunute,  will  supply  air  at  a  density  of  4.  ounces  per  square  inch,  to 
40  tweyeres,  each  being  Ig  inches  diameter,  without  any  falling  off 
in  density.  The  experiments  herein  detailed  were  made  with  a  fan 
3  feet  lOfw  inches  diameter,  the  width  of  the  vanes  being  lOf  and 
the  length  14  inches;  the  eccentricity  of  the  fan  1^'^  inches,  with 
reference  to  the  fan  case,  the  number  of  vanes  being  5,  and  placed 
at  an  angle  of  6' to  the  plane  of  the  diameter ;  the  inlet  openings 
on  the  side  of  the  fan  chest  17i  inches  diameter,  the  outlet  opening 
12  inches  square  ;  the  space  between  the  tips  of  the  blades  and  the 
chest  increasing  from  g  inch  on  the  exit  pipe  to  3^  at  the  bottom, 
in  a  line  perpendicular  with  the  centre.  To  the  blast  pipe  leading 
to  the  tweyeres  a  slide  valve  was  attached,  by  means  of  which  the 
area  of  the  discharge  was  accurately  adjusted  to  suit  the  required 
density. 

The  guage  to  indicate  the  density  of  the  air,  was  a  glass  gra- 
duated tube,  primed  with  water,  it  being  more  sensitive  and  having 
a  greater  range  than  the  mercurial  one. 

These  experiments  were  made  with  a  view  to  ascertain  what 
density  of  air  could  be  obtained,  with  the  vanes  moving  at  given 
velocities,  the  outlet  pipe  being  closed,  and  also  at  given  velocities 
with  the  outlet  ojien  ;  but  its  area  varied  at  discretion.  .\nd  further, 
to  ascertain  the  horse-power  required  to  drive  the  fan  under  the 
varied  condition. 

The  horse-power  was  ascertained  by  an  indicator,  the  friction  of 
engine  and  gearing  being  deducted  in  each  experiment.  M'ith  re- 
ference to  the  term  Tlieoretical  Velocity,  as  used  in  the  table,  it 
may  be  necessary  to  observe,  that  thereby  is  meant  the  velocity 
which  a  body  would  acciuire  in  falling  the  height  of  a  homogeneous 
column  of  air  e()uivalent  to  the  re(piired  density.  Having  given 
the  necessary  preliminary  explanations  of  the  blast  above  that  of 
the  atmosphere,  we  come  to  the  experiments  as  recorded  in  the 
table,  No.  1  a. 

Tiie  first  colimin  is  the  number  of  experiments. 

The  second  is  the  numlper  of  revolutions  of  the  fan  per  niii\ute. 

The  third  is  the  velocity  of  the  tips  of  the  vanes  in  feet  per  second. 

The  fourth  is  the  density  of  the  air  in  ounces  per  square  inch,  as  indicated 
by  tlie  gauge. 

The  fifth  is  the  area  of  the  discharge  pipe  in  inches. 

The  sixth  is  Ihe  indicated  horse  power. 
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■  The  mean  1-008 


By  this  paper  it  is  intended  to  be  shown  that  there  are  certain 
velocities  witli  wliieh  tlie  tips  of  the  vanes  of  a  fan  should  move 
according  to  the  recpiired  density  of  air,  and  that  there  are  certain 
laws  whidi  p;overn  these  velocities. 

First. — W'ater  is  827  times  lieavier  than  air  ;  mercury  is  13'5 
heavier  than  water:  consequently,  mercury  is  1116+  heavier  than 
air.  A  column  of  mercury,  one  inch  in  height,  would  tlierefore 
balance  a  column  of  air  1116+  inches,  or  930-3  feet  in  heiglit.  Let 
A  be  a  column  of  mercury  equal  in  height  to  any  given  density, 
and  let  B  represent  930-3,  and  C  64.''  ;  then  V  (A  X  BX  C)  =  V  or 
the  velocity  that  a  body  would  acquire  in  falling  the  heiglit  of  a 
column  of  air  equivalent  to  the  density. 

Scrotifl. — The  centrifugal  force  of  air  coincides  with  the  results 
obtained  hv  the  laws  of  falling  bodies,  that  is  when  the  velocity  is 
the  same  as  the  velocity  which  a  body  will  acquire  in  falling  the 
height  of  a  homogeneous  column  of  air  equivalent  to  any  gi\en 
density.  To  obtain  the  centrifugal  force  or  density  of  air  apply 
the  following  general  rule. 

Having  given  the  ^  elocity  of  the  air,  and  the  diameter  of  the 
fan,  to  ascertain  the  centrifugal  force, — 

RrLE.^ — Divide  the  velocity  by  401,  and  again  divide  the  square 
of  the  quotient  by  the  diameter  of  the  fan.  This  last  quotient 
multiplied  by  the  weight  of  a  cubic  foot  of  air,  at  60^  Fahrenheit, 
is  equal  to  the  force  in  ounces  per  square  foot,  which,  divided  by 
144,  is  ecjual  to  the  density  of  air  per  square  inch.  Or,  substituting 
the  following  formula,  we  ha\e 

D  =  N  V  X  -000034 
where  D  is  the  density  of  the  air   in  ounces  per  square  inch,  and 
N  the  number  of  revolutions  of  fan  per  minute,  and  V  the  velocity 
of  the  tips  of  the  fan  in  feet  per  second. 

Let  us  now  compare  the  results  of  the  foregoing  table.  To  do 
this,  we  will  first  take  the  velocity  of  the  tips  of  vanes  per  second, 
and  the  power  necessary  to  drive  the  fan.  We  will  first  take  Nos. 
1,  2,  3,  4,  5,  and  6,  and' we  shall  find  by  inspecting  tlie  table  that 
the  corresponding  velocities  to  these  numbers  are  236-8,  220-8,  202-1, 
185-2,  171-5.  and  144-1,  and  the  corresponding  densities  of  air  per 
square  inch  are  9-4,  7-9,  6-9,  5-G,  4-5,  and  3-5  ounces.  Tlie  fan,  it 
must  be  understood,  is  discharging  no  air  ;  the  velocity  of  the  fan 
is  merely  keeping  the  air  at  a  certain  density  or  pressure  per  square 
inch.  Under  these  circumstances,  it  requires  a  certain  \elocity  of 
the  tips  of  the  fan  to  maintain  a  certain  density  of  air,  but  not  in  a 
direct  ratio. 

The  law  which  governs  the  velocity  of  the  tips  of  the  fan  ap- 
pears from  tliese  experiments  to  be  -^  of  the  velocity  a  body  would 
acquire  in  falling  the  height  of  a  homogeneous  column  of  air  equi- 
valent to  the  density.  This  we  have  called  the  theoretical  velo- 
city, and  by  comparing  Nos.  1,  2,  3,  4,  5,  and  6  experiments  as 
above,  that  is,  by  comparing  the  velocity  of  the  tips  of  the  fan  per 
second  with  ^  of  the  theoretical  velocity,  we  shall  find  them  to 
agree  toleralily  near.  Thus,  if  the  velocity  of  the  tips  of  the  fan 
per  second  be  represented  by  1,  then  ^  of  the  theoretical  \elocity 
will  be  represented  by 

1004  in  No.  1  experiment, 

-986  2 

1-008  3 

•990  4 

•960  5 

1^0007  6 

But  we  shall  not  only  find  that  the  ^a.  of  theoretical  veloei^j'  go- 
verns the  fan  when  it  is  not  discharging  air,  but  that  the  theoreti- 
cal velocity  governs  it  also  when  the  outlet  ]iipe  is  open ;  that  is, 
that  the  maximum  eifect  of  the  fan  is  when  tlie  vanes  nuive  from 
the  theoretical  velocity  to  ^  of  that  velocity  due  to  the  density  of 
the  air,  that  tlie  greatest  quantity  of  air  is  discharged  by  the  fan 
under  tliese  conditions  with  the  least  expenditure  of  power.  To 
illustrate  this  more  fully,  let  us  refer  to  the  table  of  experiments, 
and  for  our  example  we 'will  take  Nos.  9,  10,  and  11  ;  here  the  den- 
sity in  each  is  six  ounces.  In  No.  10  the  velocity  of  the  tips  of 
the  vanes  is  213-33  feet  per  second,  w  hile  the  theoretical  velocity 
is  211  feet  per  second,  being  nearly  the  same.  The  quantity  of  air 
discharged  is  77-9  cubic  feet  per  second,  and  the  power  employed 
in  this  case  amounts  to  12-5  horses. 

We  take  now  No.  11  experiment.  Here  the  velocity  of  the  tips 
of  the  fan  is  192  feet  per  second,  and  -^  of  the  theoretical  velocity 
190  feet  per  second.  Now  these  two  experiments  are  in  proportion 
to  each  other  nearly,  viz.,  in  No.  11  the  quantity  of  air  discharged 
amounts  to  35-7  cubic  feet  per  second,  and  takes  6-4  horse  power, 
while  No.  10  discharges  77-9  cubic  feet  per  second,  and  takes  12-5 

*  The  space  which  a  gravitating  body  will  pass  through  in  one  second  is  IByj  feet; 
but  by  the  principle  of  accelerating  forces,  the  velocity  of  a  falling  body  in  any  given 
time  is  equal  to  tivice  the  space  through  which  it  has  passed  in  that  lime,  or  the  velocity 
is  equal  to  the  square  root  ol  the  number  obtained  by  multiplying  64  by  the  height  in  feet. 


horse-power.     Thus  the  discharge  of  air  is  nearly  2  to  1,  and  the 
horse-power  emjiloyed  in  the  same  proportion. 

In  the  following  examples  we  shall  call  the  theoretical  velocity 
per  second  uinty,  beginning  with  No.  15.  In  this  example  we 
shall  also  call  the  quantity  of  air  discharged  in  cubic  feet  per  second 
unity,  and  also  the  horse-power. 


No. 


Theoretical 

Density  of  Air 

Velocity  of 

Quantity  of  Air 

Horse- 

Velocity. 

per  sq.  in. 

tijS  ot  Fan. 

discharged. 

power. 

15 

5    02. 

-900 

1- 

1 

14 

5 

1-007 

2-34 

1-93 

12 

5 

1150 

2-67 

3-16 

20 

4 

900 

1 

1 

19 

4 

1-029 

2-4 

3-42 

18 

4 

1  133 

202       ■ 

3-      nearly 

17 

4 

1-225 

2-30 

4 

16 

4 

1-280 

2  12 

4-27 

11 

6 

-913 

1- 

1 

10 

6 

1009 

218 

2       nearly 

23 

3 

1  050 

1-59 

2-53 

22 

3 

1-160 

2- 

3-56 

21 

3 

1-338 

1-47 

340 

7 

1-028 

1- 

1 

1- 

1- 

9 

950 

•857 

1 

1-203 

1-03 

12 

869 

-714 

1 

1-35 

106 

If. 

777 

-571 

1 

1-40 

1  11 

To  give  a  further  illustration  of  this  part  of  our  subject,  we  will 
take  Nos.  7,  9,  12,  and  16  experiments.  Here  tlie  velocity  of  the 
tips  of  the  fan  is  the  same,  which  we  shall  denote  unity.  The  cor- 
responding densities  are  7,  6,  5,  and  4  ounces ;  we  shall  call  the 
highest  unity,  also  the  cubic  feet  discharged  per  second,  and  the 
horse-power. 

Nearly  all  the  preceding  examples  justify  our  conclusion,  that 
the  greatest  results  are  obtained  when  the  theoretical  velocity  and 
the  tips  of  the  vanes  are  nearly  equal.  It  carries  its  own  convic- 
tion that  if  we  increase  the  velocity  of  the  tips  of  the  vanes,  and 
only  double  the  cubic  quantity  of  air  delivered,  that  it  must  take 
more  than  double  the  expenditure  of  power,  the  density  of  air  re- 
maining the  same. 

We  shall  now  give  examples  of  the  data  dictated  by  our  table  of 
experiments.  And  first,  having  given  the  density  of  air  per  square 
inch  to  determine  the  velocity  of  the  tips  of  the  vanes  per  second ; 
also  the  horse  power  requisite  to  drive  the  fan  under  these  circum- 
stances, the  fan  not  discharging  air,  but  its  velocity  merely  keeping 
the  air  at  a  certain  density. 

Let  D  denote  the  density  of  the  air  in  ounces  per  square  inch, 
and  A  a  column  of  mercury  equivalent  in  height  to  that  densitv. 
Then  by  the  laws  of  falling  bodies  V  (A  X  930-3  X  64)  =  V  the  ve- 
locity acquired  by  a  body  falling  through  a  column  of  air  of  the 
corresponding  density. 

qo  V    T) 

Then =r  P  the  number  of  pounds  acting  on  the  vanes, 

9   V  V  60  P 

and  ^- — ^ '-  ^  H.  P.  or  horse-power  required. 

33000  '^ 

The  constant  number  38  is  obtained  by  the  following  formula. 


H  P  X  33000 


P.     Then 


PX  16 


;  38 


^  V  X  60  ■  D 

Example. — Let  D  :=  9-4  oz.  per  square  in.,  and  A  =i  1-175  in.  of 
mercury,  to  determine  the  velocity  of  the  tips  of  the  vanes  per 
second,  and  also  the  horse-power. 

Then  V  (930-3  X  64  X  1-175)  =  264-4,  the  theoretical  velocity, 
^  of  which  is  =:  237-96  =  V,  or  velocity  of  tips  of  vanes  per  sec. 

qo    V    Q.J, 

Now ^^ —  =  22-32  =:  P,  or  pounds  acting  on  the  vanes  of  fan. 


Then- 


16 
237-96  X  60 


X  22-32 


:=  9-6  the  horse-power  reciuired. 


33000 

Having  given  the  velocity  of  the  air  in  feet  per  second  (or  as  it 
has  been  termed  the  theoretical  velocity)  to  determine  the  density 
of  the  air  in  accordance  with  the  laws  of  centi-ifugal  force. 

Let  the  velocity  be  264-4  feet  per  sec,  and  the  diameter  of  the 
fan  3-9  feet.     Then  by  former  rules  we  have 

264-4  ^„       ,66-2^  „„.  11169  X    1-209  _ 

=  66-2  and--—    =    11169  =  and —, = 

4-01  3-9  144 

9'  ounces  density,  the  answer  required. 

Or  by  the  second  rule,  take  the  velocity  of  the  fan  in  feet  per 
second,  multiplied  by  the  number  of  revolutions  of  the  fan  per 
minute,  the  product  multiplied  by  -000034  —  the  density  required. 
Here  we  must  remark,  that  according  to  our  table  of  experi- 
ments, that  when  the  tips  of  the  vanes  are  to  move  at  .f-^  of  the 
theoretical  velocity,  that  not  more  than  220  lb.[of  air  are  discharged 
per  minute  ;  but  this  is  without  any.  attenuation  in  the  density. 

4* 


20 


THE  CIVIL  ENGINEER  AND  ARCHITECT'S  JOURNAL. 


[January, 


To  determine  the  horse-power  necessary  to  drive  the  fan  wheti 
discharg-injj  air,  the  velocity  of  the  tips  of  the  vanes  not  to  exceed 
-jSj  of  the  theoretical  velocity,  having  given  the  density  of  air 
required,  also  the  cubic  feet. 

First  find  the  hor.se-power,  as  directed  in  former  examples,  when 
the  fan  is  not  dischargintf  air. 

IVicii  nniltiply  ^  part  of  the  weight  of  air  to  be  discharged  by 
the  fan  per  minute  in  pounds  by  -j%  of  the  theoretical  velocity,  and 
divide  by  33000.  The  quotient  will  give  the  horse-power  necessary 
to  discharge  this  quantity  of  air,  which  add  to  the  horse-power 
necessary  to  drive  the  fan  when  not  discluiryiuij  uir,  for  the  answer 
required. 

Example. — Let  D  be  the  density  of  air  rc()uired  =  4  oz.  A,  a 
column  of  mercury  equal  to  the  density  ;=  '5  aiul  W  =  the  weight 
of  air  to  be  discharged  =  220  lb.  per  minute,  and  V  ,?j  the  velocity 
of  fau  in  feet  per  minute. 

:=  9-5  ^  P  =  the  pounds  acting  on  the  vane. 


16 


Then  by  former  rule,  V 


9315-0  X   9-5 


=    2"67    horse-power 


33000 
necessary  to  drive  the  fan  without  efflux. 

Now  a  cubic  foot  of  common  air  at  60°  Fahrenheit  weighs  r209 
oz.,  therefore  a  cubic  foot  of  the  given  density  will  be  equal  to 

,220  X  16 
1-511  oz.,  and  -  .  _.—  =  2330  feet  =  the  cubic   quantity 


1-511 


of 


discharged  per  minute.      And 


220 
"60 


3-66  X    9315-0 


33000  ^   '■*'  ^'"''- 

to    discharge    the   given   weight    of   air,    and 
the  total  horse-power  required. 


power    necessary 
1-0  +  2-67  =  3-67 

When  the  velocity  of  the  tips  of  the  vanes  is  to  move  equal  to 
the  theoretical  velocity,  then  we  proceed  as  in  the  last  examples, 
only  we  take  -^  instead  of  ^  (as  in  former  examples)  of  the 
weight  of  air  discharged,  which  added  to  the  horse-power  requisite 
to  drive  the  fan  when  no  efflux  takes  place. 

We  should  here  again  remark,  that  when  the  fan  is  moving  at 
this  velocity,  that  it  is  capable  of  discharging  4.80  lb.  of  air  per 
minute  without  any  falling  off  in  density. 

In  a  recent  set  of  experiments,  the  inlet  openings  in  the  sides  of 
the  fan  chest  were  contracted  from  Ui,  the  original  diameter,  to 
12  and  6  in.  diameter,  when  we  obtained  the  following  results. 

First,  that  the  power  expended  with  the  opening  contracted  to 
12  in.  diameter,  was  as  2|  to  1  compared  wiih  the  opening  of 
17^  in.  diameter;  the  velocity  of  the  fan  being  nearly  the  same,  as 
also  the  quantity  and  density  of  air  delivered. 

Second,  that  the  power  expended  with  the  opening  contracted 
to  6  in.  diameter,  was  as  2g  to  1  compared  with  the  opening  of 
17^  in.  diameter ;  the  velocity  of  the  fan  being  nearly  the  same, 
«nd  also  the  area  of  the  efflux  pipe,  but  the  density  of  the  air 
decreased  one-fourth. 

These  experiments  show  that  the  inlet  openings  must  be  made 
of  sufficient  size,  that  the  air  may  have  a  free  and  uninterrupted 
action  in  its  passage  to  the  blades  of  the  fan,  for  if  we  impede  this 
action  we  do  so  at  the  expense  of  power. 

(Papek  No.  2.) 

In  resuming  the  subject  of  the  fan  blast,  I  shall  endeavour,  as 
far  as  I  conveniently  can,  to  avoid  detailed  statements  of  the  pneu- 
matic laws  involved  in  its  consideration,  as  they  would  occupy 
more  time  than  would  be  consistent  with  the  present  occasion;  and 
shall  proceed  to  remark  on  the  most  important  points  connected 
with  the  construction  of  the  fan,  viz.  :  the  adoption  of  such  forms 
and  proportions,  as  shall  insure  the  greatest  results  with  the  least 
expenditure  of  power;  and  effect  a  diminution  of  the  intolerable 
noise  that  generally  arises  from  the  working  of  the  fan.  And  al- 
though I  have  not  been  able  to  carry  out  such  leading  principles 
to  the  fullest  extent,  I  trust  that  I  have  furnislied  materials  that 
will  be  found  of  value  to  those  members  whose  greater  leisure  may 
enable  them  to  do  so. 

From  a  contemplative  view  of  the  action  and  apparent  effect  of 
that  very  useful  ajiparatus,  a  fan  blast,  it  would  appear  tliat  the 
air  in  the  fan  case  is  impelled  by  the  vanes  along  the  transit  pipe, 
or  channel,  to  the  chest  provided  for  the  blast ;  and  that  the  con- 
tinuous rapid  motion  of  the  vanes,  compresses  air  in  the  pipe  and 
chest,  to  a  degree  that  may  be  shown  and  accurately  measured,  by 
a  water,  or  mercurial  gage,  attaclied  to  the  blast  chest. 

In  my  first  communication,  the  principal  investigation  rested  on 
a  theoretical  question,  viz.  :  whether  the  tips  of  the  blade  should 
partake  of  the  same  velocity  as  a  body  falling  freely  a  certain 
height,  such  height  being  governed  by  the  density  of  air  required. 
Recent  experiments  (the  results  of  which  accompany  this  paper) 


justify  the  conclusions  then  made,  as  will  he  seen  on  examining 
tables  Nos.  2  «,  3  a,  and  4  a. 

Having  satisfied  myself  with  respect  to  the  velocity  a  fan  ought 
to  have,  when  a  certain  density  of  air  is  required,  I  purpose  in  this 
paper  to  examine  the  fan  under  other  varied  conditions,  the  object 
being  to  establish  the  best  proportions  of  inlet  openings  in  the 
sides  of  the  fan  chest,  and  the  suitable  corresponding  length  of 
vanes.  For  this  purpose,  I  caused  the  iipeiiiugs  in  the  sides  of  the 
fan  chest  to  be  made  of  a  large  diameter,  and  I  was  enabled  to  vary 
those  openings,  by  fitting  in  rings  of  wood  ;  and  I  varied  the  fan 
by  attaching  to  its  arms,  vanes  of  corresponding  lengths.  The 
experiments  are  classed  in  the  follow  iiig  tables  : — 
luble  Nu.  1  Oy  CotUiiiHS  the  tirst  sut  oi  txpi-niueiiis. 

„        2  a,  Experiiuents  made  witli  an  iiilel  opening  30  inches  diameter ; 

the  length  of  vane  being  redui-ed  to  8  inches. 
„        3  a,  With  an  inlet  opening  of  2J|  inches  diameter,  and  the  length 

of  the  vane  11  inches. 
„        4  a,  With  an  inlet  opening  of  20  J  inches  diameter,  and  the  length 

of  the  vane  13f  inches. 
„        1  b,  Shows   the   effect    produced    by   narrowing  the  blades  to  6 

inches,  the  length   being  16  inches,  with  outlet  to  transit 

pipe  4  inches  deep. 
„        2  6,  3  b,  i  b,  are  experiments  showing  the  effect  produced  by 

contracting  the  outlet  opening.     The  inlet  opening,  and  the 

length  of  vane,  being  the  same  as  the  table  under  which  it 

is  classed. 
In  the  concluding  part  of  the  first  paper  it  was  stated  that,  by 
impeding  the  free  admission  of  air  into  the  vane,  it  was  done  at  the 
expense  of  power.  Thus,  by  contracting  the  inlet  opening  to  12 
inches  diameter,  we  expended  more  than  twice  the  power.  This 
led  to  an  extension  of  the  openings,  the  results  of  which  will  be 
seen  on  comparing  the  former  state  of  the  fan,  in  table  No.  1  a, 
with  the  present  tables  Nos.  2  o,  3  a,  and  4  a. 

In  the  first  five  experiments,  no  efflu.x  of  air  takes  place;  and  if, 
in  these  experiments,  we  take  the  mean  of  the  density  of  the  air 
and  the  horse-power,  and  call  them  unity,  their  proportions  with 
the  corresponding  experiments  represented  in  tables  2,  3,  and  4, 
will  stand  thus : 

Table  No.  1  1-       Density  of  air.  1-       Horse-power, 

2  -69  „  1-21 

II  3  '°  i»  '9  If 

4  1-  „  1-10 

Here  the  results  are  in  favour  of  the  fan  in  its  original  shape,  and 
similar  results  appear  when  the  fan  is  discharging  air. 

I  will  now  proceed  to  e.xamine  the  inlet  opening,  and  the  best 
length  of  vane. 

From  the  experiments  enumerated  in  the  tables  it  will  be  seen 
that  the  longer  vane  possesses  a  preponderating  power  over  the 
shorter  one,  in  condensing  air  of  the  greatest  density,  with  the 
least  proportion  of  power.  Thus,  with  a  vane  14  inches  long,  the 
tips  of  which  revolve  at  the  rate  of  236'8  feet  per  second,  air  is 
condensed  to  9-4  ounces  per  square  inch  above  the  pressure  of  the 
atmosphere,  with  a  power  of  9-6  horses  ;  but  a  vane  8  inches  long, 
the  diameter  at  tlie  tips  being  the  same,  and  having,  therefore,  the 
same  velocity,  condenses  air  to  6  ounces  per  square  inch  only,  and 
takes  12  horse-power. 

Thus,  the  density  of  the  latter  is  little  better  than  -S^  of  the 
former,  while  the  power  absorbed  is  nearly  1-25  to  1.  Althougli 
the  velocity  of  the  tips  of  the  vanes  is  the  same  in  each  case,  the 
velooity  of  the  heels  of  the  respective  blades  are  very  different ;  for 
whilst  the  tips  of  the  blades  in  each  case  move  at  the  rate  of  236-8 
feet  per  second,  the  heels  of  the  14  iiu-li  blades  move  at  the  rate  of 
908  feet  per  second  ;  and  the  heels  of  the  8  inch  move  at  the  rate 
of  151-75  feet  per  second;  or,  the  velocity  of  the  heel  of  the  14 
inch,  moves  in  the  ratio  of  1  to  1-67,  compared  with  the  heel  of  the 
8  inch  blade.  The  longer  blade  approaching  nearer  the  centre, 
strikes  the  air  with  less  velocity,  and  allows  it  to  enter  on  the  blade 
with  greater  freedom,  and  with  considerable  less  force  than  the 
shorter  one.  The  inference  is,  that  the  short  blade  must  take 
more  power  at  the  same  time  that  it  accumulates  a  less  quantity  of 
air. 

These  experiments  lead  me  to  conclude  that  the  length  of  the 
vane  demands  as  great  a  consideration  as  the  proper  diameter  of 
the  inlet  opening.  If  there  were  no  other  object  in  view,  it  would 
be  useless  making  the  vanes  of  the  fan  of  a  greater  width  than  the 
inlet  opening  can  freely  supply.*  t)n  the  proportion  of  the  length 
and  width  of  the  vane,  and  the  diameter  of  the  inlet  opening,  rest 
the  three  most  important  points,  viz.  :  quantity,  and  density  of  air, 
and  expenditure  of  jmwer. 

*  The  proportion  a  suction  pipe  bearg  to  a  pump,  Is  an  anagalous  case ;  for,  if  we 
drive  the  bucket  at  a  greater  velocity  than  the  suction  pipe  will  supply  it  with  water, 
the  consequence  will  be,  that  we  shall  not  lift  so  much  water,  at  the  same  time  that  we 
absorb  more  power. 
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TABLES  OF  EXPERIMENTS. 


No.  I,  a.— With   Inlet  opening  I'i  in.  diam.. 

No.  2 

,  a. — With  Inlet  opening  30  in. 

No.  3 

a.— With  Inlet  openlne  243  in. 

No.  4,  a.— With  Inlet  opening  20J  in. 
dia(n.     Vane  13|  in.  long,  by  I03  wide. 

aud  Vanes  L4  in.  long,  by  10^  in.  wide. 

diam. 

Vane  8  in.  long  by  lOj  in.  wide. 

diam.  Vane  1 1  in.  long,  by  lOJ  in. 

wide. 

No.  ol 
Fxpe- 
riintit. 

—  m  u         ■*-  O  aj  -o 
o  C  t    .     =       J-  e 

iii.i:i=p 

■Hi 

O    q;  ■- 

<i>  a  > 

U    o    & 

|  =  <2 

=  £■3 

II. = 

-0 

ill 

0       5;  u 

n  0  « 

=   £■- 

•S-S.S 

V   V   u 

3  2? 
.-  °  t 

1  =  i£ 

ll.s 

T3 

Si  vC. 

3  E  S: 

■-OS 

|  =  £ 

1 

ui;o 

236  8 

9-4 

0 

96 

1I«0 

236-8 

0 

0 

11-92 

2 

1081-6 

l'20-8 

7-9 

0 

r-s4 

1(181-6 

220-8 

5-3 

0 

10-6 

1000 

2'24-6 

58 

0 

6-1 

1081-6 

220  8 

7-7 

0 

8-40 
7-84 

S 

1000 

204  16 

69 

0 

668 

lOoO 

204  16 

5 

0 

7-6.1 

1000 

204  16 

5  5 

0 

5  96 

11 1110 

204-16 

6-7 

0 

4 

907-5 

ls5  28 

6-6 

0 

6-36 

90O 

183  78 

43 

0 

6-64 

900 

183-7 

48 

0 

4-13 

900 

183  7 

6-6 

0 

62 
4-45 

5 

840 

171  5 

4-5 

0 

3-82 

706 

160  69 

3-3 

0 

4-42 

80u 

163-3 

3  8 

0 

3-9 

786  6 

160-5 

4-4 

Q 

6 

70.1-8 

144-1 

3-5 

0 

2-21 

7 

108«l> 

2al-8 

7 

37-6 

13  31 

a 

lOKi-.-t 

2J7-09 

7 

38-12 

11-02 

InOa  3 

21709 

7 

35 

10-7 

» 

1U8H  ti 

?21-8 

6 

48-76 

13-81 

10 

104S 

213.13 

6 

.'3-12 

12-54 

1063-3 

217-09 

6 

42  5 

11-47 

11 

941-1! 

192  2 

6 

24-37 

6-43 

9666 

196-68 

6 

6b 

10-07 

12 

in8fi-6 

221-8 

5 

60 

14-26 

13 

1113.1  8 

211  5 

6 

65 

13-06 

14 

9.'i0 

1939 

5 

62-6 

8  75 

1170 

238  8 

5 

30-62 

12-02 

1000 

2C4-1 

5 

31-8 

7-3 

966-6 

196-68 

5 

65 

14-04 

16 

855 

174-6 

5 

22  6 

4-53 

8786 

179- 15 

6 

37*5 

7-3 

16 

l(J8H-6 

221 -8 

4 

693 

1419 

1160 

2368 

4 

63-7 

12-4 

17 

1035  8 

21148 

4 

75 

13-3 

1081  6 

2-211-8 

4 

46-2 

1(1-4 

1063-3 

217  09 

4 

45 

7 

983-3 

200-7 

4 

79-6    i   19*7 

Id 

96^6 

l9i;-6 

4 

656 

9-5 

9066 

196-6 

4 

60 

11-2 

983  3 

200-7 

4 

56 

89 

870 

177-6 

4 

tifi 

9'9 

19 

870 

177-6 

4 

78-1 

11-3 

878-5 

179-1 

4 

40 

66 

886 

180-7 

4 

48-1 

6  17 

7733 

157-8 

4 

35 

6  7 

20 

760 

165-8 

4 

33-1 

3-3 

21 

9833 

200-7 

3 

82  6 

10-15 

lino 

224  5 

3 

63-7 

9-23 

1100 

224-5 

3 

63-7 

87 

2.' 

88,1 

174-5 

3 

02  7 

10-6 

966-6 

196-6 

3 

9^-6 

10-25 

966-6 

196-6 

3 

70 

7-29 

23 

;73-.-i 

167-8 

3 

'89-6 

7-56 

878-5 

179  1      1        3 

68-7 

8-84 

870 

1776 

3 

82 

7-8 

870         177-0 

3 

103  6 

10-7 

24 

669-2 

134  6              3 

56-2        2-98 

780 

159  2      1        3 

575 

6-55 

786-6 

160-5 

3 

66 

676 

786-6       16(1-5 

3 

97-1  1  104:; 

No.  1,  b.— With  the  Outlet  opening  contract- 

No. 2,  b.— With  the  Outlet  opening 

No  3 

b.— With  the   Outlet  opening 

No.  4,  b.— With  the  Outlet  opening 
cond-acled  to  4  in.  deep. 
No  Efflux 

ed  to  4  in.  deep,  and  7  in.  wide. 

contracted  to  4  in.  deep. 

contracted  to  3i  in.  deep. 

Inlet  opening  1.^  in.  diameter. 

No  Efflux. 

No  Efflux. 

Vane  [6  in.  long,  by  6  in.  wide. 

900 

1  182-7    1        4-5    1    0        1    0-24 
With  Efflux. 

826-6 

1  168-7    1        4       1 
With  Efflux. 

0 

2-75 

885       1  1807    I        5-5    1    0        [    3  7 
Witb  Efflux 

X  r 

°2 

800 
886 

IBS-a 
180-7 

4-5 

57 

0 
0 

2-38 

2-89 

855 

1  180-7    1        4       1  40        17-5 

760 

1  121-8    1        3-5    1 

35 

24 

900       I  183-/     1        4       1  40        1    G  9 

With 

the  original    Outlet    opening, 

With 

the  original  Outlet  opening. 

Willi  the  original  Outlet  opening, 
]'2  in.  deep. 

780-6 

160-5 

4-0 

13-76 

2-9 

12  in.  deep. 

12  in.  d 

eep. 

JS  M 

886 

180-7 

4 

-25 

4-76 

No  Efflux. 

No  Efflux. 

No  Efflux, 

*i   3 

870 

177-6 

6 

10 

3-5 

900 

1  182-3    1        4-16  1    0        1    7-35 

813 

1  166       1        4 

0 

3-46 

885       1  180-7    1        5i     1    0        |    4-.  1 

773-3 

1.17-8 

3 

37  5 

3-2 

With  Efflux. 

With  Efflux. 

With  Efflux 

878-0 

1.19-1 

3 

35 

5-0 

885 

1  18-7    1        4       140        1    8-25 

813 

1  166       1        3i     1 

40 

3-98 

*■    11,1.1     M-JLlAk4At 

885       1  180  7    1        4       1  60  7     1    9  3 

In  the  14  inch  blade,  the  tip  has  a  vek(city  of  2-6  greater  than 
the  lieel ;  or,  by  the  laws  of  centrifugal  force,  the  air  will  have  2-6 
times  tlie  density  at  the  tip  of  the  blade  that  it  has  at  the  heel. 
The  air  cannot  enter  on  the  heel  with  more  than  atmospheric  den- 
sity, but  in  its  passage  along  the  vanes,  it  becomes  compressed  in 
proportion  to  its  centrifugal  force.  The  greater  the  length  of 
vane,  the  greater  will  be  the  difference  of  the  centrifugal  force  be- 
tween the  heel  and  the  tip  of  the  blade  ;  consequently,  the  greater 
the  density  of  the  air. 

Reasoning,  tlien,  from  these  experiments,  I  recommend  for  easy 
reference,  the  following  proportions  for  the  construction  of  the 
fan  : — Let  tlie  width  of  the  vanes  be  one-fourth  of  the  diameter  of 
tlie  vanes. — Let  the  diameter  of  the  inlet  openings  in  the  sides  of 
the  fan  diest  be  one-half  the  diameter  of  the  fan. — And,  let  the 
length  of  the  vanes  be  one-fourth  of  the  diameter  of  the  fan. 

In  adopting  this  mode  of  construction,  the  area  of  the  inlet  open- 
ings in  the  sides  of  the  fan  chest,  will  be  the  same  as  the  circum- 
ference of  the  heel  of  the  blade,  multiplied  by  its  width ;  or  the 
same  area  as  the  space  described  by  the  heel  of  the  blade. 

The  following  tables  gives  the  sizes  of  fans  varying  from  3  to  6 
feet  diameter : — 


Table 

1. 

Dian^eter 

Width  of 

Ler 

gthof 

Diameter  of 

of  Fan. 

Vane. 

Vane. 

inlet  opening 

ft. 

in. 

ft. 

in. 

ft. 

in. 

It.          in. 

3 

0 

0 

9 

0 

9 

1         6 

3 

G 

0 

m 

0 

105 

1         9 

4 

0 

1 

0 

0 

2         0 

4 

6 

1 

H 

U 

2         3 

5 

0 

1 

3 

3 

2         6 

6 

0 

1 

6 
Table 

2. 

6 

3         0 

3 

0 

0 

7 

0 

1         0 

3 

6 

0 

H 

H 

1         3 

4 

0 

0 

9J 

34 

1         6 

4 

6 

0 

m 

H 

1         9 

5 

0 

1 

0 

6 

2         0 

0 

0 

1 

2 

10 

2         4 

I  recommend  the  proportions  in  table  1,  for  densities  ranging 
from  3  to  6  ounces  per  square  inch,  and  for  higher  densities,  viz.  : 
from  6  to  9,  or  more  ounces,  the  sizes  given  in  table  2. 


The  dimensions  of  the  above  tables  are  not  laid  down  as  pre- 
scribed limits,  but  as  appro.\imations  obtained  from  the  best  results 
in  practice. 

In  some  cases,  two  fans  fixed  on  one  spindle  would  be  found  pre- 
ferable to  one  wide  one,  as  by  such  arrangement,  twice  the  area  of 
inlet  opening  is  obtained,  compared  with  a  single  wide  fan  ;  and 
they  may  he  so  constructed,  where  occasionally  only  half  the  quan- 
tity of  air  is  required,  that  one  of  them  may  be  disengaged  by  a 
clutch,  and  thus  a  sa\-ing  of  power  effected.  In  a  single  fan  of 
great  width,  the  inlet  opening  must  either  be  made  too  small  in 
proportion  to  the  width  of  the  vane,  or  if  it  be  made  large  enoiigli 
for  the  width  of  the  vnne,  the  length  of  the  vane  becomes  so  short 
as  to  be  quite  incapable  of  producing  air  of  the  re(|uired  density. 

It  has  been  stated  that  the  air  from  the  fan  diest  is  impelled  by 
the  vanes  along  the  transit  pipe,  to  the  blast  chest,  &c.  :  I  beg  at- 
tention to  the  results  of  an  experiment  very  recently  made  by  me 
with  reference  to  the  admission  of  air  into  tlie  tr;insit  pipe,  and 
which,  I  think,  may  lead  to  an  important  improvement  in  the  fan. 
The  experiment  alluded  to,  was  made  to  enable  me  to  ascertain  the 
result  of  varying  the  area  of  admission  to  the  transit  pipe,  in  pro- 
portion to  the  quantity  of  blast  required  for  use;  and  I'effected 
this  by  adapting  a  segmental  slide  to  the  circular  chest  of  the  fan, 
as  shown  in  the  accompanying  section,  by  means  of  which,  I  vary 
the  width  of  the  opening  into  the  transit'pipe,  from  12  to  4  inches. 

The  object  of  this  arrangement  is,  to  diminish  the  transit  pipe 
opening  at  pleasure,  in  proportion  to  the  quantity  of  air  required, 
and  thereby  to  lessen  the  power  necessary  to  woi-k  the  fan.  The 
results  will  be  seen  by  experiments  inserted  in  tables  1  b,  2  b,  3  b, 
and  4  b.  The  inlet  opening  to  the  transit  pipe  having  been  con- 
tracted from  12  inclies  to  4  inches  deep,  so  that  the  tip  of  the  vane 
and  the  bottom  of  the  outlet  opening  were  nearly  in  a  direct  Iiori- 
zontal  line,  nearly  the  same  quantity  of  air  was'impelled,  as  with 
the  original  opening;  the  noise  produced  by  the  fan  had,  however, 
nearly  ceased.  It  therefore  appears,  that  the  less  this  opening  is 
made — provided  we  produce  sufficient  blast — the  less  noise  will 
proceed  from  the  fan;  and  by  making  the  top  of  this  opening  level 
with  the  tips  of  the  vane,  the  column  of  air  has  little  or  no  re- 
action on  the  vanes. 

With  respect  to  the  degree  of  eccentricity  which  the  fan  should 
have,  with  reference  to  the  fan  chest,  ,'5  of  the  diameter  of  the  fan 
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has  been  found  in  prai'tico  ti)  ansni'r  well ;  that  is,  the  space  be- 
tween tlie  fan  and  the  chest  should  increase,  fnini  i|  iif  an  inch  at 
the  ti>p  (if  the  inlet  to  the  transit  Jiipe,  to  ,',  of  tlie  diameter  of  the 
fan  at  the  bottom  of  a  line  perpendicular  with  the  centre.  The 
tunnel,  or  main  pipe,  from  the  fan  chest  may  for  short  distances, 


I 

a 

°4° 

0  «     o 

o 

II 

p^^r-r-r-^  H 

varyinif  from  50  to  100  feet  in  length,  be  made  not  less  than  1^ 
times  the  area  of  the  transit  jiipe  in  the  fan  chest ;  aiul  in  distances 
varying  from  100  to  200  feet  in  length,  U  times  the  area  of  the 
transit  pipe.  The  length  of  a  tunnel  maybe  continued  to  300  or 
more  feet,  provided  it  be  made  (jf  sufficient  dimensions  to  allow  the 
air  to  pass  freely  ahjug  it.  The  experiments  accompanying  this 
paper  were  made  with  ;>.  tunnel  18  inches  diameter  and  160  feet  in 
length,  and  no  difference  could  be  detected  in  the  density  of  the 
air,  wlien  the  gage  was  ap])lied  at  any  part  of  the  tunnel. 

Having  investigated  the  leading  characteristics  of  the  fan,  it  may 
not  be  out  of  place  to  give  a  few  hints  respecting  its  mechanical 
construction. 

Fiivt. — It  is  one  of  the  greatest  essentials,  that  all  parts  main- 
tain a  just  and  ])ro|>er  balance. 

Second. — That  the  arms  of  the  fan  be  as  light  as  is  consistent 
with  safety:  round  arms  are  decidedly  objectionable  ;  I  have  known 
instances  when  their  centrifugal  force  has  torn  them  from  the  cen- 
tre boss.  I  prefer  the  rectangular  arm,  about  the  pro])ortion  of  2^ 
times  the  width,  for  the  depth  at  the  centre,  with  sufficient  taper 
towards  the  tips. 

r/i»r/.— The  bearings  and  journals  of  the  fan  spindle  should  be 
made  of  a  length  not  less  than  four  times  the  diameter  of  the  necks 
of  the  spindle. 

Finiil/y. — The  driving  pulleys  should  be  made  as  large  as  circum- 
stances will  admit  of,  so  that  the  strap  may  have  sufficient  surface 
to  prevent  slipping. 

The  fan  from  which  my  experiments  were  collected,  was  made 
with  these  proportions.  It  has  been  at  work  nine  years  without 
any  perceptible  wear. 

The  apiilication  of  the  fan  has  hitherto  been  chiefly  applied  to 
smithies  and  foundries  ;  and  in  but  few  instances  has  it  been  ap- 
plied to  the  smelting  of  iron  ore.  I  am  aware  that  differences  of 
opinion  exist  as  to  the  applicability  of  the  fan  to  that  purpose.  The 
principal  reason  urged  against  it  beinif  the  limited  density  to  which 
the  blast  can  thereby  be  compressed,  compared  with  the  blast  sup- 


plied by  the  cylinder.  It  remains,  however,  to  be  proved  whether 
such  high  densities  are  absolutely  necessary  for  the  smelting  of 
iron  ore;  whether  we  may  not  produce  as  good  iron  by  a  diffused 
soft  blast,  as  by  the  strong,  and  generally  apj)lied,  concentrated 
blast.  I  hojie  it  will  not  be  thought  presumptuous  on  my  part,  in 
thus  doubting  long  established  practices.  The  old  maxim  of 
"  there's  no  way  like  the  old  way,"  is  not  always  based  on  unerring 
jnunciples. 

As  I  have  before  stated,  the  density  of  blast  afforded  by  the  fan, 
is  limited  to  the  force  arising  from  the  centrifugal  motion  of  the 
air,  in  passing  along  the  vanes  of  the  fan  ;  the  quantity  not  ex- 
ceeding what  is  due  to  its  velocity  and  magnitude.  But  may  not 
this  density  be  increased  by  using  a  succession  of  fans,  so  con- 
structed and  arranged,  that  the  air  may  be  passed  successively 
through  each ;  the  air  from  the  first  fan  being  made  to  enter  the 
seccuid  ,  the  air  from  the  second  to  enter  the  third  ;  and  the  bUust 
finally  emitted  of  ade(piate  density  .'' 

I  cannot  here  enter  into  a  further  investigation  of  this  important 
subject  ;  neither  are  the  limits  and  character  of  this  paper  suite*! 
to  the  miuutiie  connected  with  the  principles  and  practice  of  a 
smelting  furnace ;  but  1  ho))e  that  the  observations  which  I  have 
made,  and  the  principles  I  have  endeavoured  to  enunciate,  wiU  be 
the  means  of  instituting  further  inquiry ;  and,  as  the  expense  of 
constructing  a  fan  can  be  no  barrier,  I  trust  that  a  fair  trial  will 
he  made,  where  convenience  is  suited  to  its  application  for  smelt- 
ing purposes. 


REGISTER     OF    NETV    PATENTS. 


VENTILATION  OF  MINES. 

John  Wilcock,  gentleman,  in  the  county  of  York,  for  "  cer- 
tain Improvements  in  the  ventilation  of  mine.i." — Granted  June  12  ; 
Enrolled  Dec.  12,  184.7.     [Reported   in  the  Patent  Journal.'^ 

The  patentee,  in  this  specification,  states  his  invention  to  be  for 
the  purpose  of  improving,  and  more  effectually  securing,  the  better 
ventilation  of  mines,  and  consists  of  elongating  the  upcast  sliaft  of 
the  mine,  by  the  addition  of  stacks,  towers,  or  other  similar  build- 
ings, erected  above,  or  in  connection  with  such  upcast  shaft,  by 
which  the  upper  orifice  of  the  upcast  shaft  is  elevated  very  consi- 
derably above  the  upper  orifice  of  the  downcast  shaft,  proportion- 
ably  to  various  circumstances — as  the  relative  depths  of  the  two 
shafts,  the  velocity  of  the  .current  of  air  through  the  mine,  the 
nature  of  the  gases,  &c.  The  ventilation  of  mines  is  effected  by 
the  passing  of  a  stream,  or  current,  of  atmospheric  air  through 
the  various  ramifications  of  the  mine,  carrying  with  it,  in  its 
course,  the  various  noxious  gases — as  carburetted  hydrogen,  car- 
bonic acid,  and  also  the  vitiated  air,  in  its  course,  and  escapes 
through  the  upcast  shaft  into  the  atmosphere.  This  current  is,  in 
most  cases,  caused— or  the  velocity  of  it  is  increased— by  the  ap- 
plication of  heat  to  the  upcast  shaft,  either  at  the  bottom  thereof, 
or  at  the  orifice  at  the  surface.  The  patentee  proposes,  by  his  in- 
vention, to  increase  the  velocity  of  the  currents  through  the  up- 
cast shaft,  by  erecting  a  stack,  tower,  or  other  similar  building, 
above,  or  in  connection  with,  the  upcast  shaft,  which  forms  a  con- 
tinuation of  the  shaft,  and  through  which  also  continues  to  flow 
the  current  of  air.  The  height  to  \vhicli,  in  most  cases,  it  will  be 
sufficient  to  raise  the  elongated  portion  of  the  shaft,  the  patentee 
states  to  be  from  60  feet  to  100  feet,  though  this  will  be  go^•erned 
much  by  circumstances,  varying  in  difl'erent  mines.  The  patentee 
gives  several  drawings,  descriptive  of  his  invention,  as  applied  to 
se\eral  descriptions  of  mine  shafts ;  as,  first,  to  its  application  to 
mines  having  only  one  shaft ;  in  this  case,  it  is  customary  to  make 
partitions  down  the  shaft,  thus  forming  downcast  and  upcast  shafts. 
The  patentee  proposes  leaving  these  arrangements  as  usual,  but 
erecting  over,  or  in  connection  with,  the  part  of  the  shaft,  a  stack, 
tower,  or  other  building,  as  a  continuation  of  the  upcast  shaft. 
Secondly,  to  a  mine  in  which  the  upcast  shaft  is  also  the  working 
one;  in" this  case,  the  minerals  and  workmen  pass  out  of  the  lower 
])art  of  the  stack,  or  tower,  by  an  aperture  in  the  wall  of  it ;  and, 
thirdly,  to  a  mine  in  which  the  upcast  shaft  is  only  employed  for 
that  purpose ;  in  this  case,  a  plain  stack,  or  tower,  is  employed. 
In  all  cases,  the  patentee  states,  it  is  necessary  that  the  sectional 
area  of  the  stack,  or  tower,  should  be,  at  least,  equal  to  the  sec- 
tional area  of  the  upcast  shaft ;  and  that,  when  it  is  necessary  to 
have  any  openings  into  the  lower  part  of  the  stack,  or  tower,  the 
sectional  area  of  the  upper  part  of  the  stack,  or  tower,  above  the 
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apertures,  must  be  increased  by  the  size  of  the  apertures,  for 
the  purpose  of  not  interferinjj;  with  the  upward  current  from  tlie 
upcast  shaft.  The  patentee,  after  describing  his  invention,  chiims 
the  mode,  or  modes,  of  elongating  tlie  upcast  shafts  of  mines,  for 
the  better  ventilation  of  such  mines,  as  described  in  the  speci- 
ti  cation. 


CONSTRUCTION  OF  BRIDGES. 

Stephen  Moulton,  of  Norfolk-street,  Strand,  Middlese.x,  gen- 
tleman, for  "  Improvements  in  the  construction  of  bridges." — Granted 
April  8;  Enrolled  Oct.  8,  184.7. 

The  improvements  are  for  constructing  bridges  in  the  manner 
shown  in  the  annexed  engravings.    Fig.  1  is  a  side  view  of  a  bridge 


Fig.  1. 
constructed  according  to  the  invention.  Fig.  2  shows  two  trans- 
vei'se  sections  thereof,  by  which  it  will  be  seen  that  the  top  rail  B, 
and  the  bottom  rail  A,  are  combined  togetlier  by  a  series  of  diago- 
nal bars  D,  so  that  tlie  bottom  rail  A,  is 
suspended  from  the  upper  rail  B,  by 
means  of  such  diagonal  bars  D  ;  and  the 
rails,  A  and  B,  are  kept  apart  by  means 
of  the  uprights  C,  wliich  uprights  are 
not  fixed  to  the  upper  or  lower  rails 
B,  A,  but  simply  come  in  between  them 
as  supports  to  retain  the  parts  A,  B,  at 
the  correct  distance  apart ;  and  in  the 
event  of  the  chain  being  formed  to  act 
unequally  on  any  of  the  diagonal  bars 
D,  by  driving  in  wedges,  as  shown  at  E, 
fig.  I,  the  wliole  must  be  correctly  ad- 
justed. The  diagonal  bars  I),  proceed 
in  opposite  directions,  and  cross  each 
other,  as  is  shown,  but  they  are  not  fixed 
to  each  other,  they  l)eing  simply  fixed 
at  their  ends  by  means  of  pins  passing 
through  them  ;  and  the  top  and  bottom 
rail,  B,  A,  fig.  1,  shows  part  of  the  side 
framing  of  the  bridge. 

Fig.  3  shows  the  diagonal  bars  D, 
with  the  screw  pins  and  nuts,  by  which 
they  are  attached  to  the  rails  A,  B.  The  upper  rail  may  be  formed 
of  two  angle-irons,  as  shown  at  fig.  2,  or  in  one  double  angle-iron, 
as  shown  at  fig.  3,  the  diagonal  bars  D  passing  between  the  parts 
B  B,  and  such  parts  will  be  held  together  by  the  pins  and  nuts  J, 
as  shown.  The  lower  rail  is  composed  of  two 
bars.  A,  A,  shown  in  fig.  2,  and  the  ends  of  the 
bars  D  are  placed  between  them,  and  held  by  the 
screw  pins  and  nuts  J,  as  shown.  K,  the  beams 
for  receiving  the  floor  of  the  bridge.  F,  tlie  caps 
which  cover  the  upper  edges  of  the  two  bars  of 
which  the  bottom  rail  A,  is  composed.  At  the 
ends  of  a  bridy^e  it  is  preferred  to  use  additional 
bars  D*,  D",  as  shown  at  fig.  1,  and  also  holding- 
bars  G,  with  adjusting  screws  and  nuts,  as  at  H  ; 
but  these  may  be  dispensed  with.  There  are 
opening  through  tlie  uprights  C,  for  the  passage 
of  the  diagonal  bars  D,  but  these  bars  I)  should 
be  free  and  not  confined  in  the  openings  through 
such  uprights  C. 

'   '       the  peculiar  arrangement  of  the 
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r-.g.  3. 
It  will  be  found  by  examinina 
parts  tliat  great  strength  with  lightness  are  obtained  by  construct- 


ing Jiridges  in  the  manner  described,  for  it  will  be  evident  that  as 
the  rails  A,  B,  are  kept  separated  by  the  uprights  C,  which  act  as 
stretchers,  tliey  will  be  rendered  stiff  and  secure  from  flexure  Ity 
the  diagonal  bars  D. 


LOCOMOTIVE    ENGINES    AND    RAILWAY  CARRIAGES. 

^  George  Taylor,  of  Holbeck,  near  Leeds,  for  "  Improvements  in 
locomotive  etigiiies  and  railway  carriages." — Granted  June  3;  En- 
rolled Dec.  3,  184.7.     [Reported  in  the  Mechanics'  Magazine.'] 

The  patentee  states  that  his  invention    consists:    Firstlv In 

certain  improved  arrangements  of  the  steam  cylinders  of  locomo- 
tive engines,  and  the  parts  which  communicate  the  recijirocating 
motion  of  tlie  pistons  of  the  cylinders  to  the  axle  or  axles  of  the 
driving-wheels,  which  arrangements  have  for  their  object  to  con- 
centrate the  driving  power  of  the  actuated  pistons,  so  as  to  com- 
municate an  even  rotating  motion  to  the  driving-wiieels,  or  to  dis- 
tribute the  moving  power  (before  concentrating  it),  'in  an  even 
and  uniform  manner  to  one,  two,  or  more  pairs  of  wheels.  The 
advantages  which  the  patentee  states  he  believes  to  result  from 
this  part  of  his  inventiiui  are,  diminished  wear  and  tear  of  the  en- 
gine, and  the  attainment,  with  safety,  of  a  greater  degree  of 
speed,  in  consequence  of  the  decreased  amount  of  oscillation  of 
the  locomotives.  The  construction  is  as  follows :— Above  the 
boiler,  and  near  the  smoke-box,  are  placed,  horizontalh',  and  in 
juxta-position,  two  steam  cylinders  of  equal  capacity,  each  having 
its  piston  furnished  with  cross  heads  sliding  in  guides  supported  bv 
the  frame  of  the  engine.  The  pistons  are  connected  by  rods  to 
two  cranks,  m  hicli  are  attached  on  either  side  to  a  wheel  ha\ing 
cogs  or  indentations  on  its  periphery,  and  whicli  gears  into  another 
wheel  fastened  on  the  centre  of  tlie  axle  of  the  driving-wheels. 
The  axle  is  placed  above  tlie  boiler,  and  allows  of  the  employment 
of  driving-wheels  of  larger  diameter  (say  from  10  to  IJ  "feet), 
with  even  a  diminished  amount  of  oscillation,  in  consequence  of 
i  the  weight  of  the  engine  being  brought  near  the  line  of  rails.  All 
j  the  wheels  may  be  made  to  drive  by  being  coupled  in  the  ordinary 
j  manner.  In  order  that  the  cog-wheels  may  work  properly,  and 
I  the  bearing-springs  of  the  engine  act  freely,  the  guides,  in  which 
I  are  supported  the  journals  or  axle-boxes  of  "the  driving-wheels,  are 
made  slanting.  Two  modifications  of  the  mode  of  connecting  the 
piston-rods  of  the  steam  cylinders  with  the  axles  of  the  driving- 
wheels  are  specified  by  the  patentee.  The  first  consists  in  forming 
a  slot  in  the  centre  of  each  of  the  piston-rods,  in  which  works  a 
short  vibrating  link,  connected  to  a  vertical  frame  on  either  side 
of  the  engine,  which  is  made  fast  underneath  the  boiler  by  means 
of  a  pin,  on  which  it  vibrates — and  in  connecting  each  of  these 
vibrating  vertical  frames  by  rods  as  is  usual  with  the  bosses  of  the 
driving-wheels,  or  in  attaching  one  end  of  a  connecting-rod  to  the 
outside  end  of  the  cross  head  of  the  piston-rod,  and  the  other  to 
the  boss  of  the  driving-wheel.  Secondly — This  invention  has  re- 
ference to  the  construction  of  an  apparatus  applicable  to  the  loco- 
:  motive,  tender,  and  carriages,  which  serx-es  toretard  the  progress 
'  of  the  train  when  necessary,  and  to  support,  in  the  case  oi  the 
breakage  of  an  axle,  the  vveight  of  the  carriage.  To  eft'ect  this, 
I  two  levers  are  made  fast  to  the  bottom  of  the  carriage  in  such 
manner  as  to  allow  of  their  acting  freely,  and  have  each  at  the 
outer  end  a  flanged  skid  placed  directly  over  the  line  of  rail. 
I  These  skids  have  on  the  under  surfaces  blocks  of  hard  wood  with 
,  the  grain  placed  vertically,  and  are  moreover  connected  by  a 
strong  spring.  From  the  centre  of  this  spring  rises  a  vertical 
shaft,  consisting  of  two  pieces  joined  by  a  threaded  connection, 
whereby  it  can  be  lengthened  or  shortened,  as  required.  The  top 
of  this  shaft  is  forked,  and  has  between  the  prongs  at  top  and  bot- 
tom two  anti-friction  rollers;  between  these  rollers  is  a  cam,  fast- 
ened to  a  horizontal  rod,  which  is  made  to  rotate  by  apparatus 
brought  under  the  control  of  the  driver  or  guards,  after  any  ordi- 
nary and  well-known  means.  When  the  longest  radius  of  the  cam 
is  brought  to  bear  upon  the  lower  anti-friction  roller  by  means  of 
the  rotating  of  the  horizontal  shaft,  it  follows  that  the  vertical 
shaft  is  forced  downwards  and  the  flanged  skids  thereby  depressed 
on  to  the  line  of  rail  which  they  bite,  and  thus  retard  the  progress 
of  the  train.  The  flanges  serve  to  retain  the  carriages  on  the  line 
of  rails,  and  the  skids  to  support  the  carriage  in  the  case  of  the 
breakage  of  an  axle  ;  but,  in  order  that  the  vertical  shaft  may  be 
relieved  from  the  weight  of  the  carriage,  stops  are  inserted  in  the 
lower  part  thereof  at  the  most  convenient  point,  against  which  the 
skids  catch.  ThirfUy — The  patentee  proposes  to  divide  the  tender 
horizontally  into  two  parts,  using  tlie  upper  or  open  portion  for 
coals,  and  the  lower  to  contain  the  water,  and  to  pass  the  axle  of 
the  wheels  through  the  water  or  above  it,  in  order  that  the  weight 
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of  the  tender,  as  in  the  case  nf  tlie  lommotive  hefore  descrilitd, 
may  he  brought  nearer  the  rails.  Fdiirtlily — To  em])hiy  axles  lor 
raif»av  carriafjes  composed  of  two  jiieces,  one  solid  and  the  other 
tubular,  to  slide  over  it ;  one  of  a  pair  of  wheels  heinp;  attached  to 
each  piece,  so  that  they  may  revoh  e  independently  of  each  other. 


VIBRATING  PISTON-ROD  ENGINE. 

G.  V.  GrsTAFSsoN,  of  15,  William-street,  Repent's-park,  late  en- 
gineer, R.N.     '■^  Improi'emeiitf!  ill  the  xtniiii  niyiiii;" 

The  improvements  relate,  first,  to  "  the  mode  of  connectinsf  a  pis- 
ton-rod to  a  piston  hy  means  of  a  hall-and-socket  joint."  The  ad- 
vantajje  of  this  plan  over  the  old  one  (where  the  ]iiston-rod  is  con- 
nected to  the  piston  hy  means  of  straps  and  keys  like  the  crank 
and  connecting-rod)  will  easily  he  perceived  ;  a  /niye  hearing  sur- 
face, its  facility  for  ada|)ting  itself  in  the  centre  of  the  piston,  being 
bored  and  turned  at  the  same  time,  and  also  the  convenience  for 
liolding  a  lubricating  substance,  such  as  oil  or  tallow,  and  thereby 
lessening  the  friction,  and  causing  a  less  wear  of  the  ball  and  socket. 
Secondly,  "  The  manner  of  keeping  the  piston  tight  within  the 
cylinder  by  the  combined  mechanical  forces  of  steam  and  metallic 
S])rings."  The  advantage  of  this  arrangement  will  also  be  perceived 
without  difficulty:  the  skeleton  of  the  piston  is  formed  like  a 
wheel  ;  the  nave  receives  the  end  of  the  piston-rod,  from  which 
proceeds  the  arms,  to  the  extreme  ends  of  which  a  ring  is  attached, 
and  to  which  ring  is  bolted  the  top  and  bottom  cover  of  the  piston, 
which  for  lightness  should  be  made  of  wrought-iron  ;  within  these 
co\ers,  and  at  the  outer  periphery,  are  fitted  two  metallic  rings  of 
light  construction,  and  kept  in  their  jilaces  by  means  of  spiral  and 
horizontal  springs,  but  not  necessarily  steam-tight,  as  that  will  be 
effected  by  admitting  steam  into  the  chamber,  which  incloses  the 
packing-rings  by  means  of  a  double  acting  valve;  this  will  cause 
a  more  uniform  pressure  on  the  packing-rings  than  could  be  effected 
hy  springs  alone  ;  it  also  requires  very  little  fitting  and  grinding, 
onl)'  the  side  of  the  ring  nearest  the  cover :  it  has  also  another, 
though  perha]is  not  very  great  advantage,  of  partially  pu/liiig,  in- 
stead of  entirely  piisliiiig  the  piston.  Suppose  the  piston  is  moving 
upwards,  a  portion  of  the  pressure  trom  under  it  will  be  removed 
to  the  upper  cover,  which  is  considerably  above  the  centre  of  the 
globe  ;  hence  the  pulling  property,  which  in  such  case  is  preferable 
to  pushing  :  the  same,  of  course,  takes  place  on  the  down  stroke. 
Thirdly,  "  The  construction  of  a  moveable  apparatus  to  he  adapted 
to  the  top  or  cover  of  the  cylinder  through  which  the  pist(ni-rod  is 
to  slide,  and  at  the  same  time  vibrate."  The  advantage  of  this 
ap])aratus  over  the  old  slide-rest  shaped  one  is,  first,  being  curved 
as  to  present  nearly  a  rertangiilar  base  to  the  different  positions  of 
the  piston-rod,  whereby  the  friction  is  considerably  diminished ; 
secondly,  having  nflat  bearing  surface  to  act  against,  instead  of  the 
dovetailed  edges  in  the  old  plan  ;  thirdly,  and  last,  its  facility  of 
kee])ing  in  contact  with  the  bearing  surface,  which  is  effected  in 
condensing  engines  liy  connecting  the  narrow  chamber,  between 
the  two  slides,  with  the  condenser,  wherel)y  the  slides  are  kept  in 
their  places  hy  the  pressure  of  steam  and  tlie  atmosphere  :  in  non- 
condensing  engines  this  chamber  should  be  in  communication  with 
the  atmosphere,  which  may  he  effected  by  causing  the  upper  slide 
to  hear  in  the  middle  oiihj,  allowing  a  passage  to  the  chamlier  under 
it,  whicli  will  also  lessen  the  friction  of  the  ujjper  slide :  it  will  be 
perceived  that  the  slides  are  i)ortions  of  circles,  and  consequently 
easy  of  construction.  And  fourthly,  "  An  a])paratus  (or  self-act- 
ing damper)  for  regulating  the  draught  of  the  flues  aiul  furnaces, 
and  thereby  tempering  the  pressure  of  steam  in  the  boiler,  and  also 
giving  such  due  notice  of  the  state  of  pressure  in  the  boiler  as  may 
])revent  accidental  explosion."  This  being  a  distinct  apparatus, 
may  be  used  with  or  w  ithout  the  other  improvements,  and  is  appli- 
cable both  for  land  and  marine  engines. 

The  inventor  states  that,  "a  |)lan,  somewhat  similar  in  principle, 
though  ditt'ering  in  details,  was  tried  many  years  ago,  but  in  con- 
sequence of  the  ill-ada])tation  of  the  slides — soniewliat  like  the 
slide-rent  oi  n  turning-lathe — to  the  motion  of  the  i>iston-rod,  being 
at  riijht  angles  to  the  latter  only  at  the  dead  points  of  the  engine, 
or  top-and-bottom  stroke,  it  was  a  very  great  defect." 

The  three  first  imiirovements  are  shown  in  the  annexed  engi'av- 
ing  of  a  vertical  sccti<in  of  the  steam  cylinder,  o,  the  cylinder  • 
A,  the  skeleton  of  the  piston,  formed  like  a  wheel  for  the  purpose 
of  rendering  it  of  light  construction  ;  <■,  a  hollow  cast-iron  globe 
fitted  to  the  end  of  the  ]iiston-rod  and  secured  to  it  by  a  plug  d,  or 
it  may  lie  cast  on  to  the  end  of  the  piston-rod  :  in  the  centre  of 
the  piston  is  a  hemisphei'ical  socket,  into  which  the  globe  c  is  fitted 


and  secured  to  it  by  means  of  a  cap  e  firmly  bolted  to  the  hemi- 
spherical socket  ;  the  arms  have  strengthening  flanges  on  their 
under  s.des,  and  to  tlie  outer  ring,  at  the  extremity  of  the  arms,  is 
bolted  the  top  and  bottom  covers  //i/,  which,  for  liglitness,  may  be 
made  of  wmught-iron.      To   render  the   piston   steam-tight,   two 


metallic  rings  are  placed  in  the  annular  chamber  between  the 
covers  y  g^  and  held  in  their  places  by  means  of  vertical  and  hori- 
zontal springs,  hut  not  necessarily  steam-tight,  as  that  will  be 
effected  by  admitting  steam  into  this  annular  chamber  of  the  piston 
hy  means  of  a  double-acting  valve,  hy  which  a  more  uniform  pres- 
sure on  the  packing-rings  is  obtained  than  could  possildy  be  effected 
by  springs  alone  :  i  is  the  cylinder  cover,  which  is  made  spherical, 
with  segmental  pieces  to  complete  the  arc  of  a  circle  ;  /■■  is  a  seg- 
ment slightly  hollowed  in  the  middle  and  bolted  to  the  cylinder- 
cover  ;  /  are  slides  attached  to  the  cups  m  n.  To  keep  the  radius 
slides  //  constantly  in  contact  with  their  bearing  surface,  the  hol- 
low space  0  should  be  in  comniiinication  with  the  condenser,  which 
is  effected  by  fixing  a  small  tulie  in  any  convenient  place  :  in  non- 
condensing  engines  this  space  should  be  in  communication  with  the 
atmosjihere. 

It  will  be  seen  that  as  the  piston  ascends  and  descends,  the 
piston-rod  will  be  enabled,  hy  the  lateral  motion  of  the  radius 
slides,  to  vibrate,  and  thereby  act  directly  on  the  crank  ;  in  conse- 
quence of  the  angular  position  of  the  piston-rod  the  wear  of  the 
cylinder  would  be  greater  on  one  side  than  the  other,  but  this  may 
he  avoided  by  giving  to  the  latter  an  inclined  position.  It  will  be 
perceived  that  this  jieculiarity  of  the  piston  is  of  great  advantage, 
especially  for  horizontal  engines,  as  the  u-eiylit  of  the  piston  would 
be  supported  by  the  jiressure,  and  consequently  prevent  an  un- 
equalizing  wear  of  the  cylinder  and  piston,  which  in  common  hori- 
zontal engines  cannot  be  avoided  ;  hence  the  vibrating  piston-rod 
is  particularly  ailapt^'d  lor  the  screw-propeller  and  locomotive  en- 
gines. To  prevent  an  unnecessary  waste  of  steam,  the  sjiace 
between  the  ]iiston  and  the  cylinder  cover,  where  the  former  is  on 
the  tiq)  stroke,  as  shown  by  the  dotted  lines,  may  be  filled  up  with 
hard  wood  and  bolted  to  the  cylinder  cover. 


PALMEKS    IMPROVEMENTS     IN     GAS 
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BUNNETT'S  SEWER  TRAP. 

j\lr.  Biuinett,  of  the  lii-m  of  Bunnett  and  Corpe,  of  Lombard- 
street,  has  invented  a  ^'ery  simple  and  cheap  "  Self-acting  Effluvia 
Trap"  which  differs  from  all  previous  contrivances.  The  fault  of 
the  old  invention  was  that  they  were  so  arranged  that  a  very  small 
quantity  of  water  caused  the  pan  of  the  trap  to  fall,  and  conse- 
quently during  a  shower  of  rain,  or  water  falling  upon  it,  the 
action  was  intermittent,  continually  opening  a  communication  witli 
the  sewer,  and  lialde  to  lie  held  open  permanently  by  any  light 
matter  being  caught  by  the  rising  of  tlie  pan.  In  Mr.  Bunnett's 
improved  trap  this  is  avoided  by  introducing  a  peculiar  mechanical 

arrangement  of  the  le- 

i-J  jfl"     ~^~      verage  connected  with 
'     '  '  '  the  form  of  the  move- 

able pan,  and  applica- 
tion of  the  weight, 
whicli  admits,  under 
ordinary  circumstan- 
ces, of  a  constant  flow 
of  water  through  the 
grating  into  the  pan 
of  the  trap  and  over 
the  edge  of  the  same 
into  the  sewer  or  drain, 
the  lower  part  of  the 
trap  being  immersed 
into  the  water,  so  as 
to  form  a  most  effec- 
tual water  sealed  joint, 
of  sufficient  depth  to 
withstand  the  effects 
of  evaporation  from 
long  drought,  and  should  a  stoppage  be  caused  by  a  deposit  of  silt 
or  other  matter,  the  water  will  rise  in  the  body  of  the  trap,  until 
it  is  about  two-thirds  full,  at  which  point  it  raises  the  balance- 
weight,  and  obtains  considerable  leverage  by  the  peculiar  formation 
of  the  moveable  pan,  insuring  a  rapid  discharge  of  a  large  body  of 
water,  which  by  its  force  most  effectually  cleanses  the  trap,  and 
fluslies  the  sewer  or  drain,  and  instantly  recovers  its  position,  with 
sufficient  water  to  form  the  joint  again,  resuming  its  former  action 
till  another  stoppage  occurs  ;  the  form  of  the  trap  also  insures  on 
the  commencement  of  a  thaw  the  ready  ejection  of  any  ice  that 
may  liave  formed  therein.  The  annexed  figure  is  a  sectio  nal  view 
of  "a  street  grating  and  gully  hole  with  the  trap,  which  is  re])re- 
sented  in  its  ordinary  position,  the  water  flowing  from  the  grating 
into  the  body  of  it.  and  over  the  edges  of  the  moveable  part  into 
the  sewer  or  drain.  The  lower  part  of  tlie  body  of  tlie  trap  is 
immersed  in  the  water  which  is  retained  in  the  moveable  part  b)' 
the  counterbalance  weight,  thereby  forming  a  perfectly  sealed  joint 
and  effectually  preventing  any  smell  from  rising. 

Another  advantage  attending  this  trap  is  that  it  can  easily  be 
fixed  to  any  gull^'  hole,  and  the  price  is  very  moderate,  being  about 
£l  each. 


GAS  IMPROVEMENTS. 

(With  Engravings^  Plate  ll.J 

George  Holworthy  Palmer,  of  AVestbourne-villas,  Harrow- 
road,  Middlesex,  civil  engineer,  for  "rt»  improved  method  or  mode  of 
producing  inflammable  gnues  of  greater  piiritg  and  higher  illuminating 
power,  ,.\c."— Granted  April  17;  Enrolled  October  17,  18+7. 

The  first  part  of  this  invention  relates  to  an  improved  mode  of 
setting  and  arranging  the  retorts  in  conjunction  with  additional 
vessels  called  "  regenerators,"  so  as  to  insure  their  being  heated 
uniformly  to  tlie  required  temperature  (as  shown  in  figs.  1  to  6),  by 
which  method  not  only  an  increase  of  volume,  but  also  an  increase 
in  the  illuminating  power  of  the  gas  is  obtained.  TJie  heating  sur- 
face of  the  regenerators  may  be  further  increased  by  the  introduc- 
tion of  metallic  chippings,  or  by  sheet  iron  partition's. 

By  this  arrangement,  the  gas  passes  direct  from  the  retorts  into 
the  regenerators,  where  it  receives  a  second  dose  of  caloric,  and 
then  flows  in  the  usual  manner  through  the  sealed  pipes  in  the  hy- 
draulic main,  and  then  into  the  mechanical  precipitator,  to  be  next 
e.xplained.  The  patentee  recommends  the  retorts  to  be  kept  at  a 
bright  cherry-red  heat,  and  the  regenerators  at  a  dull-red  heat, 
visible  by  dayliglit. 

The  second  improvement  relates  to  an  apparatus  called  a  '•  me- 
chanical precipitator,"  combined  with  a  refrigerator  (as  shown  in 


figs.  7  and  8),  for  the  purpose  of  abstracting  the  vapours  of  tar  and 
naphtha,  as  well  as  the  gaseous  ammonia  and  its  compounds. 

The  third  impro\ement  relates  to  apparatus  called  "  ammoniacal 
filtering  towers,"  through  which  the  gas  passes  from  the  precipita- 
tor, being  washed  in  its  course  by  liquid  ammonia,  descending  like 
rain  through  one  or  more  ])erforated  plates,  as  shown  in  Nos^  1,  2, 
and  3,  in  figs.  9,  10,  and  11.  By  this  process  a  further  portion  of 
ammonia,  contained  in  the  gas,  is  absorbed  without  subjecting  the 
gas  to  an  increased  pressure,  and  the  liquid  ammonia  is  increased 
in  strength. 

The  fourth  improvement  relates  to  an  apparatus  consisting  of  a 
series  of  steam  cliambers  and  condensers,  Nos.  4,  5,  and  6  as  shown 
in  figs.  9  and  10,  through  which  the  gas  passes  from  the  filtering 
tower  ;  each  of  these  chambers  is  to  be  charged  with  a  ^•olume  of 
ijure  steam  equal  to  the  volume  of  gas.  The  crude  gas  with  a  vo- 
lume of  steam,  passes  first  into  No.  1  steam  chamber,^ and  then  into 
its  condensing  chamber,  where  the  steam  will  be  condensed  into 
water,  which  in  its  descent  will  carry  with  it  a  great  portion  of  the 
remaining  gaseous  ammonia  and  its  various  compounds ;  after 
which,  tlie  permanent  gases  flow  from  No.  1  condenser  into  No.  2 
steam  chamber,  when  the  gas  will  be  again  saturated  with  steam 
and  will  again  flow  into  its  proper  refrigerator,  to  deposit  tlie  steam 
charged  with  another  portion  of  tlie  product  in  a  liquid  form.  The 
gas  will  then  pass  into  No.  3  cliamber  as  before,  and  thence  into 
No.  3  condenser,  where  is  deposited  the  remaining  ammonia  and  its 
compounds,  together  with  a  portion  of  sulphuretted  hydrogen.  AH 
these  liquid  products  are  to  be  made  to  flow,  as  fast  as  they  are 
deposited  in  the  condenser,  into  a  suitable  receiver,  sealed  by  an 
hydraulic  joint  to  prevent  the  gaseous  vapours  and  gas  from  return- 
ing into  tlie  condenser.  From  this  last  apparatus  the  gas  will  pass, 
freed  from  impurities,  into  the  "  lime  machines"  or  purifiers, 
charged  with  dry  lime,  where  it  is  divested  of  the  remaining  dele- 
terious gases — viz.,  sulphuretted  hydrogen  and  carbonic  acid,  and 
proceeds  thence  to  the  gas  holder,  and  lastly  to  the  mains. 

The  gas  now  purified  goes  into  tlie  gas-holder,  and,  in  its  transit 
to  the  mains,  may  be  naphthalised  if  required ;  for  this  purpose, 
apparatus  may  be  employed  similar  to  that  described  as  the  "  am- 
moniacal filtering  towers." 

The  fifth  improvement  is  for  avoiding  the  inconveniences  which 
arise  on  opening  tlie  purifiers  and  removing  the  refuse  lime  from 
the  sieves  preparatory  to  recharging  them  with  lime,  and  which  is 
to  be  effected  by  causing  atmospheric  air,  heated  or  otherwise,  to 
be  blown  through  the  material  employed  for  purifying  the  gas,  and 
discharged  througli  tlie  furnace-bars  or  chimney-shaft,  by  means  of 
a  "  centrifugal  bellows"  or  other  suitable  pneumatic  apparatus,  the 
blast-pipe  being  connected  to  the  exit  pipe  of  the  purifier ;  thus 
blowing  out  the  contaminated  air,  &c.,  through  the  pipe  by  which 
the  gas  enters  the  purifying  ^■essel,  an  extra  pipe  and  valve  beings 
attached  to  the  entrance  and  exit  pipes  for  this  purpose. 

Reference  to  the  Engravings. 

Figs.  1  to  6  show  the  mode  of  setting  and  heating  the  retorts  and 
regenerators:  fig.  1,  a  sectional  elevatiiui,  and  fig.  9,  a  front  ele\ation 
—each  figure  shows  one-half  of  a  set  of  retorts ;  fig.  3,  a  longitudinal 
section ;  fig.  4,  a  plan  of  one  of  the  retorts,  showing  the  opening 
through  which  the  flame  rises;  fig.  5,  sectional  plan  of  the  top  re- 
tort ;  and  fig.  6,  sectional  plan  of  the  regenerators. — Similar  letters 
refer  to  similar  parts  : — a,  b,  c,  retorts  ;  d,  e,  f  regenerators,  show- 
ing the  plates  k  to  increase  the  heating  medium,  o^•er  which  the  gas 
flows  from  the  retorts  ;  g,g,  the  furnaces  ;  A,  /,  flues  through  which 
the  flame  rises  from  the  furnaces,  and,  as  indicated  by  the  arrows 
between  and  over  tlie  retorts  and  regenerators,  to  the  shaft,  and  /, 
the  blow-holes.  Tliere  is  one  regenerator  to  each  retort,  of  the 
capacity  of  about  two-thirds  the  latter. 

Fig.  7  is  a  vertical  section  of  the  "  mechanical  precipitator,"  and 
fig.  8,  plan  of  the  same  ;  «,  «,  jierforated  revolving  fans,  to  agitate 
the  gas  in  the  chamlier  b,  b, — the  shaft  is  stepped  into  the  lower 
chamber  and  passed  through  an  inclined  plane,  rf,  rf,  under  wliich 
the  gas  blows  through  the  tar  passing  from  the  pipea^ ;  and  adjoiu- 
ing  is  a  chamber,  p,  containing  a  convoluted  worm,  or  refrigerat- 
ing pipe,  g,  to  cool  the  gas  after  escaping  from  the  chamber  b, 
through  the  cur\ed  pipe, /I  To  prevent  the  gas  blowing  through 
the  aperture  in  the  inclined  plane  where  the  shaft  passes,  the  shaft 
is  inserted  in  a  pipe  sr,  bolted  to  the  inclined  plane,  being  of  an 
altitude  sufficient  to  overcome  the  pressure  of  the  gas  ;  and  instead 
of  the  usual  stuffing-box  for  the  sliaft,  an  hydraulic  seal  t,  is  used. 

The  pipe  is  kept  cool  by  a  supply  of  water  passing  througli  tlie 
chamber  p,  by  the  pipe //,  entering' at  the  top  and  disci'argiug  by 
the  pipe/.  The  pipes  h  and,/,  together  with  tlie  chamber  e,  form  a 
sj'phon  ;  the  legs  or  pipes,  li  and  ;',  are  furnished  «it)i  cocks ;j,  to 
admit  or  cut  oft'  the  supply  of  water.  An  air-pump  is  used  to  re- 
move the  small  quantity  of  air  that  may  be  in  the  syphon ;  it  is 
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worked,  as  well  as  the  a.ptatinp  apparatus,  by  the  descent  of  water 
flowiiifr  from  the  loiiff  le^  of  the  syiihon,  which  jrives  motion  to  a 
small  water-wlieel  in  connection  witli  tlie  bevel  wheel,  f;:earintr,  and 
band  ;  or  they  may  be  worked  by  a  steam  eng-ine  or  other  ))ower. 
All  tlie  condensable  products  ccdlected  in  the  asritatinif  chamber 
and  refriiieratinif  pipe  <j.  How  throutrh  the  ]dpe  /i,  into  the  chaml)er 
f  and  throujjh  the  opening  r,  at  the  level  of  the  dotted  line,  into  a 
receiver. 

Fig.  9  is  a  plan,  and  fig.  10  a  sectional  elevation,  of  the  "  am- 
moniacal  filtering  towers,"  steam  chambers,  and  condensers,  com- 
bined ia  one  apparatus.  The  gas  takes  the  course  indicated  by  the 
arrows  in  the  towers  1,  2,  and  3,  entering  each  at  tlie  bottom  and 
out  at  the  top,  and  thence  into  the  steam  chambers  4,  5,  6,  under- 
going the  steaming  ;md  condensing  before  explained ;  «,  o,  steam 
pipes,  H-ith  cocks  to  regulate  the  steam;  h,  the  entrance  steam  pipe 
from  the  boiler ;  c,  c,  c,  separate  condensers,  with  the  entrance  and 
e.xit  i)ipes ;  rf,  the  tank  for  the  ammoniacal  liquor,  pumped  up 
through  the  pipe  i; ;  the  tank  has  two  divisional  plates/,  /;  iixed  to 
the  top  and  sides,  and  descending  to  within  a  few  ijiclies  of  the 
bottom  of  tlie  tanl\,  and  is  sealed  at  the  \e\e\  of  the  dotted  line  by 
the  liquid  ammonia. 

To  insure  the  gas  flowing  from  one  tower  to  the  other,  each  has 
a  pipe,  !)-,  connected  with  the  tank  and  rising  in  it  to  the  height  of 
the  dotted  line,  at  wliich  level  the  ammonia  flows  through  the  pipe 
o,  into  its  particular  tower. 

Instead  of  the  arrangement  of  the  filtering  towers,  several  per- 
forated divisional  plates,  n.  as  shown  in  fig.  II,  may  be  adopted, 
the  gas  flowing  from  the  tower  into  the  chamber  tlirough  the  pipe 
711,  in  order  finally  to  escape  at  the  pipe  y. 


REVixrws. 


All  Essay  on  the  Air-pump  and  Atmosplierio  Railway ;  containing 
formultf  find  rules  for  ca/cidatiny  the  various  quantities  contained  in 
Mr.  R.  Stephenson' s  report  on  atmospheric  propulsion,  for  the  Direc- 
tors of  tlie  Chester  and  Holyhead  Railway  Company.  Uy  A^^illiam 
TuENBiLiy,  author  of  a  treatise  "  On  the  Strength  of  Cast-Iron," 
&c.     London  :  AMlliams.    1847.     12mo.    pp.  96. 

The  object  of  this  excellent  little  treatise  is  a  general  exposition 
of  the  theoretical  principles  of  atmospheric  railways.  That  the 
leakage  of  the  main  tubes  of  tliese  railways  involves  a  loss  of 
power,  is  obvious  to  every  one  in  tlie  slightest  degree  acquainted 
with  the  subject ;  hut  it  requires  much  more  than  superficial  know- 
ledge to  estimate  the  precise  amount  of  loss  corresponding  to  a 
given  rate  of  leakage.  Mr.  TurnbuU  has  addressed  himself  very 
successfully  to  the  task  of  substituting  exact  principles  for  general 
notions  respecting  the  mechanical  defects  of  atmospheric  pro- 
pulsion. 

The  first  part  of  this  work  comprises  a  history  of  the  air-pump, 
and  demonstrations  of  several  known  formidaj  by  which  its  effects 
are  estimated.  In  the  second  part,  these  formul*  are  applied  in 
detail  to  the  case  of  the  Kingstown  and  Dalkey  Railway.  Not- 
withstanding the  imperfect  success  of  the  method  of  substituting 
stationary  air-pumps  for  locomotive  engines,  the  subject  is  one  of 
permanent  interest  to  the  engineer,  on  account  of  the  number  of 
beautiful  scientific  and  mechanical  problems  which  it  presents  to 
his  attention.  Ccmsidered  merely  as  an  instructive  exercise,  the 
theory  of  atmospheric  propulsion  deserves  to  be  thoroughly  mas- 
tered by  every  student  of  practical  science.  It  is  this  consideration 
which  indu(ves  fis  to  give  a  brief  sketch  of  Mr.  Turnbull's  method 
of  inrve^itigatiiui.    j   ',     ■, 

Wlieji  a  t^-aili  •o_n/tj>e  atmospheric  railway  lias  attained  its  uni- 
form velocit^y,  it  is  oljvio'is  that,  if  there  were  no  leakatje,  the 
pump-jiistoit  and  the  train-piston  must  both  describe  tlie  same 
space  in  a  given  time- — thfiA  is,  the  void  made  by  the  one  in  a  given 
time  must  be  filled  up  by  the  otiier.  For  example,  if  the  relative 
diameters  of  the  main  tube  and  pump  were  such,  that  ten  feet  of 
tjie  lengtli  of  the  former  liad  the  same  cubic  capacity  as  one  foot 
of  the  length  of  the  lattfr,  the  train-piston  would  travel  ten  feet 
while  the  [mmp-pistou  travelled  one.  Otherwise,  if  tlie  puinp- 
fTiston  tra\telled  at  ^  greater  relative  velocity,  the  degree  of 
va«Tj.iirti  iKiiihl  be  raised,  and  the  train  accelerated;  if  the  pump- 
pistfoii  t^-iiyeUcd  Bl  a  smaller  rehitive  velocity,  the  degree  of 
vacuum  \ViJuld  be  diminisheil,  and  tlie  train  retarded  :  and  either 
case  is  contrary  to  the  hypothesis  of  uniform  velocity  of  the  train. 

The  exact  relation,  however,  between  the  uniform  velocities  of 
the  two  pistons  only  obtains  on  the  hypothesis  that  there  is  uo 
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leakage.  The  principal  problem  is  to  ascertain  the  modification 
due  to  that  detect  ot  tlie  apparatus.  Tlie  requisite  data  for  this 
investigation  are  obtained  by  the  following  experiment  : — After 
the  tube  has  been  exhausted  to  a  certain  extent,  the  whole  ap- 
paratus is  suffered  to  remain  quiescent,  no  train  being  dispatched. 
The  leakage  will  then  go  on  till  the  equilibrium  of  the  air  inside 
and  outside  tube  be  restored.  By  observing  the  rate  at  which  the 
barometer-guage  falls  during  the  interval,  we  get — not  the  rate  of 
leakage — but  data  from  which  that  rate  may  be  calculated. 

The  density  of  air  is  proportional  to  the  weight,  and  therefore 
height,  of  the  column  of  mercury.  Take  30  inches  as  the 
height  of  mercury  ciu-responding  to  tlie  atmospheric  pressure ; 
then,  if  the  barometer-guage  of  the  exhausted  tube  show,  for  the 
pressure  in  it,  a  height  equivalent  to  10  inches  of  mercury  (for 
example),  the  density  in  the  tube  would  be  to  that  of  the  external 
air  as  ll)  :  30,  or  would  be  ^rd  the  ordinary  density  of  air.  If, 
after  the  leakage  has  gone  on  some  time,  the  barometer-guage 
show  a  lieight  equivalent  to  20  inches  for  the  pressure  in  tlie  tube, 
the  density  will  be  ^,  or  |rds  that  of  common  air.  Tlie  difference 
between  the  densities  in  the  tube  at  the  two  respective  periods  is 
frds-i^rd  (=^rd)  that  of  common  air.  Consequently,  if  the 
quantity  of  air  which  has  entered  the  tube  in  the  interval,  be 
supposed  to  have  diffused  itself  equably  throughout  the  tube,  that 
quantity  is  equivalent  to  the  tube  full  of  air  at  a  density  ^rd  that 
of  common  ab,  or,  which  is  obviously  the  same  thing,  one-third 
the  tulje  full  of  common  air.  This  reasoning  applies  generally, 
and  gives  this  simple  rule — that  the  cubic  quantity  of  air  admitted 
by  leakage  during  any  interval,  is  equal  to  tlie  cubic  capacity  of 
the  tube  multiplied  liy  the  fraction  expressing  the  difference  of 
densities  during  that  interval.  (The  barometer-guage  is  so  gra- 
duated, that  for  the  words,  "fraction  e.xpressiug  the  difference  of 
densities"  in  the  above  rule,  we  may  substitute,  "  difference  of 
gauge-heights  divided  by  30.") 

If  this  quantity  of  air  were  divided  by  the  number  of  minutes 
of  the  interval,  the  result  would  be  the  rate  of  influx  per  minute, 
supposing  that  rate  uniform.  This  method  of  inxestigation  is, 
however,  liable  to  an  objection,  which  our  author  well  states  as  fol- 
lows : — 

"  We  have  calculated  for  the  extreme  indications  of  the  vacuum  gauge, 
and  divided  by  tlie  number  of  minutes  that  elapsed  during  the  observatiou, 
for  the  average  leakage  per  minute.  Now  this  method  would  be  perfectly 
just,  on  the  supposition  that  the  quantity  of  leakage  is  constant,  or  of  tlie 
same  amount  in  equal  times ;  but  the  idea  of  a  constant  amount  of  leakage 
is  altogether  incompatible  with  what  we  know  to  take  place,  when  air  of 
atmospheric  density  is  allowed  to  Sow  into  a  vessel  containing  air  of  a  less 
density.  Here  it  is  obvious  that  the  air  in  the  vessel  is  continually  ap- 
proaching to  a  state  of  equilibrium  with  that  without,  and  consequently  the 
velocity  of  influx  is  continually  diminishing  until  the  equdibrium  obtains." 

He  then  proceeds  to  show,  that  in  those  experiments  on  the 
connecting  pipe  of  the  Dalkey  line,  in  which  the  heights  of  the 
gauge  were  taken  every  minute,  though  the  successive  differences 
of  those  heights  for  successive  minutes  were  nearly  equal,  they  do 
not  indicate  a  uniform  rate  of  leakage,  but  lead  to  the  directly 
opposite  conclusion,  that  the  leakage  was  far  more  rapid  at  the 
beginning  of  the  experiment  than  at  its  conclusion  :  and  he  then 
makes  the  following  important  remark  in  reference  to  Mr.  Ste- 
phenson's report : — "  We  are  somewhat  apprehensive  that,  by  assuming 
a  constant  amount  of  leakage  for  the  connecting  pipe,  some  very  er- 
roneous deductions  must  have  been  made." 

"  But  with  regard  to  the  valve  tube  the  case  is  very  different ;  for  it  is 
easy  to  conceive  that,  as  the  longitudinal  slot  or  aperture  is  covered  with  a 
flexible  substance,  this  substance  will  readily  accommodate  itself  to  the 
pressure  as  the  exhaustion  goes  on,  and  by  thus  diminishing  the  area  of  the 
aperture  as  the  velocity  of  influx  increases,  a  constant  amount  of  leakage, 
or  nearly  so,  may  happen  to  be  maintained  :  at  all  events,  it  is  not  incon- 
sistent with  the  maxims  of  accurate  science,  to  admit  that  such  may  be  the 
case,  and  it  actually  appears  from  experiment  that  the  supposition  is  not  far 
from  the  truth." 

If  it  be  conceded  that  the  leakage  of  the  connecting  pipe  is  an 
avoidable  evil,  and  may  therefore  be  assumed  to  be  wholly  reme- 
died, we  have  very  simple  means  of  calculating  the  effect  which 
the  leakage  of  the  main  tube  has  on  the  velocity  of  the  train.  As 
the  assumption  of  uniform  leakage  in  this  tube  is  somewhat  dan- 
gerous, let  the  leakage  corresponding  to  any  proposed- working 
vacuum  lie  ascertained  by  a  separate  experiment  « ith  the  barome- 
ter-gauge. We  have  explained  how  to  calculate,  from  the  fall  of 
the  gauge,  the  ([uantity  of  external  air  which  enters  the  tube  per 
minute.  It  may  be  calculated  liy  very  simple  arithmetic  what 
length  of  tube  this  quantity  of  air  would  by  itself  occu]>y,  if  dilated 
to  the  supjiosed  working  density.  And  that  length  of  tube  is  the 
measure  of  the  loss  of  speed  of  the  train  during  the  minute ;  for 
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if  there  had  been  no  leakage,  the  train-piston  would  have  advanced 
that  lengtli  further  during  the  minute. 

This  is  a  brief  and  imperfect  sketch  of  Mr.  TurnbuU's  system. 
We  must  observe,  liowever,  that  the  results  will  agree  only  ap- 
proximately with  actual  practice.  The  fundamental  hypothesis  of 
uniform  velocity  of  the  train,  is  not  unobjectionable  :  it  is  true  that 
in  calculating  the  motion  of  locomotive  engines,  the  hypothesis 
will  lead  to  results  of  specific  value ;  but,  on  atmosplieric  railways, 
the  distances  performed  with  accelerated  or  retarded  speed  must 
bear  so  large  a  proportion  to  those  performed  with  uniform  speed, 
that  the  latter  can  hardly  be  considered  the  normal  condition. 
There  are  otlier  reasons  for  concluding  that  calculations  of  the 
motion  of  trains  on  atmospheric  railways  cannot  be  exact.  How- 
ever, the  partial  application  of  sound  theoretical  principles  to 
practical  subjects,  of  which  a  perfect  theory  is  unattainable,  is  a 
most  important  advantage.  The  skilful  research  exhibited  in  Mr. 
Turnbull's  treatise,  is  the  more  welcome  for  being  applied  to  a 
subject  which  has,  in  a  pre-eminent  degree,  suffered  the  martyrdom 
of  parliamentary  and  newspaper  philosophy. 


A  Guide  to  the  Proper  Reyulat'wit  of  Buildings  in  Towns  as  a 
means  of  Promoting  and  Securing  the  Health,  Comfort,  and  Safety 
of  the  Inhabitants.  By  AVm.  Hosking,  Architect  and  C.E.  Lon- 
don :  Murray.  1848. 

This  work  of  Mr.  Hosking  evidently  contains  so  much  practical 
and  useful  matter  that  we  do  not  like  to  dismiss  it  with  a  passing- 
notice,  but  we  intend  to  devote  a  little  time  to  its  consideration. 
Meanwhile,  whatever  opinion  we  may  entertain  with  regard  to 
some  of  its  recommendations,  we  have  seen  quite  enough  of  it  to 
feel  justified  in  i-ecommending  it  to  our  professional  readers. 


EaHhwork  Tables.     By  C.  K.  Sibley  and  W.  Ruthebfobd. 

The  authors  have  published  an  appendix  to  these  very  useful 
tables,  showing  how  the  tables  may  be  applied  to  side-lying  gi-ound, 
for  which  they  give  the  following  rule  : — "  Ascertain  the  ratio  of 
the  area  of  cross  sections  of  the  side-lying  ground  to  the  areas  of 
similar  cross  sections,  tliat  is  with  same  height  on  centre  line,  of 
level-lying  ground,  and  multiply  by  that  ratio  the  complete  quan- 
tity furnished  by  the  tables." 


The  Antiquarian  and  Genwdogist's  Companion.  By  AVilliam 
Downing  Beuce,  Esq.,  F.R.S.L.  &  E. 

This  is  a  novelty  for  the  antiquarian  student,  which  will  be  very 
favourably  received  at  the  present  season,  as  it  contains  many 
curious  memoranda  and  an  archaeological  calendar  for  the  year. 
The  work  is  small — which  may,  perhaps,  be  an  additional  recom- 
mendation. 


LECTURES  ON  GEOLOGY 

By  Professor  Ansted.     Delivered  at  King's  College,  London. 

On  the  Application  of  Geology  to  Engineering  and  Architecture,  and  the 
Supply  of  Water  to  Towns  and  Cities. 

Professor  Ansted  commenced  his  fifth  lecture,  by  considering  the  ques- 
tion of  drainage,  more  particularly  with  refcience  to  general  engineering, 
which  depended,  in  many  cases,  very  distinctly  on  the  geological  structure 
of  the  rocks.  And  it  did  so  naturally,  as,  for  instance,  in  an  ordinary  road, 
properly  made,  where  the  drainage  would  ultimately  have  reference  to  the 
structure  of  the  material  and  to  the  rocks  in  the  neighbourhood.  With  re- 
gard to  geological  structure,  it  might  happen  that  the  beds  which  came  close 
to  the  surface  would  have  a  strong  inclination  ;  and,  in  that  case,  where  the 
beds  were  permeable,  the  road  would  be  drained  naturally,  and,  where  one 
part  lay  on  an  impermeable  bed,  and  the  other  on  a  material  which  suffered 
the  water  to  percolate  through  it,  an  attention  to  geological  structure  would 
enable  them  to  carry  off  all  the  water  very  satisfactorily.  This  would  illus- 
trate the  applicability  of  geological  knowledge,  even  to  common  road  mak- 
ing ;  but  that  knowledge  was  still  more  directly  available  in  the  case  of  rail- 
roads, v\hich,  running  through  a  long  extent  of  country,  involved  the  neces- 
sity of  frequent  and  deep  cuttings,  in  the  execution  of  which  drainage,  as 
connected  with  structure  and  geological  considerations,  must  always  come 
in.  Suppose,  then,  they  were  to  take  a  transverse  section  of  a  railway  cut- 
ting, similar  to  one  of  the  diagrams  exhibited — if  the  beds  were  horizontal, 
the  two  sides  would  he  situated  in  a  similar  manner  with  regard  to  accidents 
arising  from  unequal  pressure  ;  but  if  that  were  not  the  case,  and  the  bank 


was  composed  of  mud,  clay,  sand,  or  any  slippery  earth,  in  beds  inclined  to 
the  horizon,  some  parts  of  the  superincumbent  mass  would  be  more  apt  to 
slip  down  than  others.  Some  strata  would  carry  water,  and  others  would 
allow  it  to  drain  through  ;  and  if  the  road  did  not  go  directly  on  the  strike, 
in  which  case  there  was  no  inclination  as  far  as  the  purposes  of  the  road 
were  concerned,  there  would  be  a  greater  tendency  to  "  slip"  on  the  one 
side  than  on  the  other.  Supposing  the  uppermost  beds  were  composed  of 
some  heavy  material  resting  upon  a  bed  of  sand,  the  rain,  in  draining  through 
the  sand,  would  wash  it  away  gradually,  and,  a  portion  of  the  support  being 
removed,  the  upper  mass  would  naturally  have  a  tendency  to  slide  down 
upon  the  lower  part.  If  once  it  began  to  slide,  no  matter  how  slowly— if 
the  moveruent  were  only  an  inch  per  day,  or  an  inch  per  month— any  pre- 
ventive measures  were  too  late,  and  there  would  be  a  slip  sooner  or  later, 
and  especially  in  heavy  rains,  or  rains  combined  with  frost.  But  before  the 
superincumbent  mass  were  set  in  motion,  if  by  any  means  the  water  could  be 
prevented  from  passing  through  the  sand,  it  might  be  prevented.  That  was 
best  done  by  cutting  a  drain  on  the  other  side,  by  which  all  the  water  which 
came  on  the  surface  might  be  carried  off  before  it  reached  the  sand.  There 
would  then  be  sufficient  cohesion  to  prevent  the  upper  part  from  being  set  in 
motion. 

A  knowledge  of  geological  structure,  in  making  these  cuttings,  was  ex- 
ceedingly  useful,  not  only  in  preventing  slips,  but  in  reducing  the  cost  of 
work.  For  instance,  when  the  dip  was  in  a  certain  direction,  a  shp  was 
manifestly  impossible,  and  in  that  case  the  slope  of  the  bank  might  be  very 
much  steeper,  and  the  expense  of  its  removal  saved.  Cn  the  continent,  it 
was  not  unusual  in  cuttings  to  make  the  banks  in  a  succession  of  terraces ; 
but,  in  this  country,  that  plan,  though  exceedingly  useful,  was  scarcely  ever 
adopted.  It  was,  however,  being  partially  iried  at  New  Cross,  a  place  where 
much  mischief  had  been  done  by  slips,  and  he  believed  with  a  prospect  of 
success.  That  was,  however,  a  plan  which  could  not  be  carried  out  without 
a  reference  to  geological  science. 

On  the  subject  of  embankments  the  same  principles  of  drainage  were  ap- 
plicable, though  another  elemeut  of  construction  was  brought  into  action. 
If  a  large  mass  of  material  were  heaped  in  a  particular  way,  it  might  be  per- 
fectly safe,  and  answer  the  purpose  intended  very  well ;  while  if  it  were 
placed  in  a  different  way,  mischief  would  arise.  The  structure  of  embank- 
ments ought  also  to  be  regulated  by  the  nature  of  the  rocks  on  which  they 
rested,  as  well  as  those  of  which  they  were  formed  ;  and  although,  as  yet, 
few  accidents  had  arisen,  engineers  might  find  it  worth  while  to  pay  atten- 
tion to  this  subject.  Again,  if  an  embankment  was  placed  on  a  hill  side, 
there  ought  to  be  particular  adaptation  to  the  way  in  which  the  beds  lay. 
If  a  heavy  pressure  were  put  upon  beds  so  situated,  which  had  already  a 
tendency  to  slip,  that  tendency  would  be  increased,  and,  unless  attention 
were  paid  to  the  drainage,  serious  accidents  would  inevitably  occur.  The 
kind  of  draining  required  was  much  of  the  character  of  that  necessary  in 
ordinary  roads — namely,  by  cutting  off  springs  which  had  a  tendency  to  run 
between  bands  of  impermeable  rock. 

The  subject  of  canals,  and  the  way  in  which  they  were  affected,  introduced 
another  element.  Id  making  canals,  the  engineer  would  constantly  have  to 
cut  across  springs,  and  through  some  strata  which  allowed  water  to  percolate, 
and  through  others  which  actually  produced  water.  In  going  across  a  dis- 
trict where  there  was  much  leakage,  it  was  necessary  to  have  a  perfect 
knowledge  of  the  nature  of  those  rocks  which  yielded  water  and  abounded 
in  springs ;  and  of  those  strata  and  substances  which  were  impermeable.  On 
such  circumstances  depended  many  great  practical  difficulties  in  the  con- 
struction of  canals.  It  was  a  remarkable  fact,  that  Mr.  William  Smith,  who 
flourished  about  a  century  ago,  and  who  was  called  the  father  of  Enghsh 
geology,  was  himself  a  mining  engineer,  and  first  observed  the  geological 
structure  of  the  country,  as  it  afTected  the  formation  of  canals.  His  life, 
lately  published  by  Professor  Phillips,  his  (the  lecturer's)  predecessor  at 
King's  College,  would  be  found  very  useful  and  interesting,  as  it  regarded 
the  practical  application  of  so  much  of  geological  science  as  was  known  at 
that  day.  In  the  Hfe  of  Smith  would  be  found  some  account  of  the  con- 
struction of  canals  in  his  day,  then  as  important  as  raUways  were  now.  They 
would  see  how  he  brought  his  knowledge  to  bear  upon  the  problems  at  issue, 
and  in  that  way  they  might  themselves  learn  how  to  apply  a  great  deal  of 
that  knowledge  of  geology  which  they  might  possess. 

Supply  of  Water. — The  Professor  next  treated  of  the  supply  of  water  as 
an  engineering  subject,  apart  from  the  supply  obtained  from  land-springs,  or 
small  Artesian  wells,  considered  hitherto  on  a  comparatively  small  scale,  and 
rather  with  relation  to  agricultural  purposes  than  engineering.  The  subject 
of  drainage  and  water  supply  was,  perhaps,  connected  as  much  with  archi- 
tecture as  engineering ;  but,  when  he  had  discussed  its  relations  to  the  one, 
it  would  scarcely  be  necessary  to  touch  upon  the  other. 

With  respect  to  the  supply  of  water,  the  Professor  thought  he  could  not 
do  better  than  give  them  a  short  outline  of  what  had  been  done  lately  with 
regard  to  the  large  and  most  important  town  of  Liverpool,  which  had  been 
noted,  for  some  time,  as  a  place  which  was  badly  supplied  with  water,  and 
had  been  more  remarkable  than  any  other  town  in  England,  for  the  pre- 
valence of  fevers,  the  more  than  average  illness  of  its  inhabitants,  and  the 
short  duration  of  hfe  in  the  major  part  of  it.  The  members  of  the  corpora, 
tion  appeared  very  anxious  to  do  all  in  their  power  to  remedy  that  which 
was  certainly  one  source  of  those  evils — namely,  the  deficiency  in  the  supply 
of  water.  Accordingly,  they  resolved  to  obtain  an  Act  of  Parliament,  em- 
powering them  to  adopt  some  measure,  which  should  give  the  town  a  larger 
quantity  of  that  important  element.    The  town  was  situated  on  the  new 
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Bandstone,  and  had  hitherto  been  supplied  from  wells  sunk  into  that  stratum, 
which  consisted  of  a  red  sand  rock,  sometimes  very  soft,  sometimes  rather 
hard,  intersected  with  occasional  hands  of  marl,  very  much  faulted  with  large 
and  continuous  veins,  often  filled  up  with  clay,  and  many  of  them  completely 
impermeable.     Tlie  new  red  sandstone  rested  upon  coal   measures,  and  cer- 
tainly contained  a  great  deal   of  water,  which  was  absorbed  from  the  imme- 
diate surface,  or  drained  into  it  from  the  hills  in  pretty  large  quantities,  of 
which  the  actual  limits  were   ascertainable,  since  they  knew  how  much  fell 
from  the  clouds,  and  how  much   was  e\aporated  ;  and  they  could  calculate 
how  much  was  lost  by  drainage  into   the  rivers.     The  supply  thus  obtained 
was  found  to  be  very  insufBcient  for  the  necessities  of  the  town,  and  it  was 
supposed  that  the  quantity  could  not   be   materially  increased   from   this 
source.     This  point,   however,  bad  to   be  decided   upon  by  reference  to  the 
structure  of  the  district,  and  by  calculating  whether  they  got  all  the  available 
water  of  the  district,  or  only  a  part,  and  it  turned  out  that  the  latter  was  the 
fact.     The  mode  in  which  this  water  was  obtained  was  by  wells,  with  hori- 
zontal galleries  at  their  bottoms,  to  allow  the  admission  of  a  large  quantity 
of  water,  which  was  then  pumped  to  the  surface.     The  water  obtained  from 
the  new  red  sandstone  contained  oxide  of  iron  and  some  salts  of  lime  and 
magnesia,  which  made  it  exceedingly  hard,  and  ill  adapted  economically  for 
many  useful  purposes  connected  witli   tlie  manufactures  of  that  neighboui- 
hood,  and  in  all  operations  in  which  soap  was  required.     It  was  very  good  to 
drink,  but  unfit  for  other  domestic  purposes.     The  question  was,  whether  a 
sufficient  supply,  even  of  this  water,  could   be  obtained   from   the  district  ? 
The  proprietors  of  the  wells  attempted   to  show  that  an  increased  quantity 
could  not  be  obtained.     It  was  to  their  interest  that  that  should  be  the  case, 
and  they  very  naturally  believed  that  it  was  so — consequently,  they  opposed 
all  measures,  the  object  of  which  was  to  obtain  water  from  any  other  source. 
The  corporation  gathered  all  the  information  that  could  be  obtained  locally, 
and  then  called  upon  several  scientific  men  for  their  opinion  ;  and  it  is  a  fact 
of  great  interest,  as  illustrating  the   present   practical  position   of  geology, 
that  it  was  thought   necessary  to  have  the  opinion  of  persons,  more  noted 
for  their  geological  knowledge  than  for  simply  a  practical  acquaintance  with 
engineering.     Professor  Phillips  was  first  invited  to  give  his  attention  to  the 
suliject,  but  was  prevented  from  doing  so   by  his  engagements  with  the  Go- 
vernment.    He  (Professor  Ansted)  was  then   applied  to,  and  after  close  ex- 
amination and  full  consideration,  he  came  to  the  conclusion  that  a  sufficient 
supply  could   not  be  obtained  from  the  new  red   sandstone  formation,  he 
being  of  opinion  that,  though  a  somewhat  larger  quantily  might   be  had  of 
the  water  which  fell  on  the  district,  yet  that  would  not  be  nearly  enough  for 
the  requirements  present  and  prospective  of  a  town  like  Liverpool.  What  was 
next  to  he  done.'     Then  came  in  that  admixture  of  engineering  with  geolo- 
gical science,  now  necessary  indeed  to  every  engineer,  who  wished  to  do  his 
work  satisfactorily,  and   with  the  consciousness  that,  whatever  the  result, 
every  means   had  been   adopted  which  the  circumstances  of  the  case  would 
allow.     The  engineers   looked  about  the  neighbourhood  far  and  near,  their 
object  being  to  discover  where  the   necessary  supply  was  to  be  found.     One 
scheme,  which  met  with  consideralile  favour  at  first,  was   to  take  the  water 
from  the  Bala  Lake,  in  North  Wales,  and   convey  it   to  Liverpool,  a  distance 
of  60  miles,  by  closed  canals.     Great  natural  obstacles,  however,  intervened, 
and  it   was   found   that  this  plan   involved  an  enormous  expense,  with  the 
chance  of  incurring  still  greater  outlay  in  overcoming  several  of  those  natural 
obstacles,  which  could  not  be  well  estimated  until  the  work  was  attempted. 
This  scheme,  after  exciting  much   discussion,  was   at  length  abandoned,  and 
the  engineers  began  to  look  nearer  home.     After  again  considering  the  supply 
from  the  wells,  and  again  convincing  themselves  of  its  utter  inetficiency,  they 
found  they  must  resort  to   other  means,  and   thus  originated  the  somewhat 
celebrated  Kivington  Pike  scheme.     The  Rivington  Pike  distiict  presented  a 
hilly  surface  of  17  square   miles,   admirably  adapted   by  nature  for  such  a 
project.     The  plan  pursued  in  this  case  was  to  take  the  district  and  measure 
its  area  of  drainage,  then  to  estimate  tlie  quantity  of  water  that  could  be  ob- 
tained from  it,  and,  finally,  to  consider  how  the  water  might  be  best  accumu- 
lated.    This  was  a  beautifully  scientific  problem,   perfectly  practical  indeed  ; 
but  one  which  had  rarely,  if  ever  before,  been   tried   to  the  extent  now  pro- 
posed.    First  of  all,  they  had  to  see  whether  the  quantity  of  water  would  be 
sufficient;  anil  this  was  efTected    by  accurately  marking 'the  water  shed,  ob- 
serving where  all   the    rills   and  streams  coukl    be  caught  conveniently,  and, 
when  caught,  considering  whether  they  could  be  conducted  into  some' sound 
and  sufiicient  reservoir.     The  model  on  the  table,  which  was  an  accurate  re- 
presention  of  the  district,  would  show  that  all  those  points  were  readily  at- 
tainable.    The  drainage  was  regulated  by  the  shape  of  the  country,  and  it 
might  be  seen  eitlier  by  the  Ordnance  Map,  a  contour  map,  or  a  model.     In 
this  case,  he   was  able   to  exhibit  a  model,  which  was  the   best;  but  the 
Ordnance  Map  was  the  guide  originally  used.     Having  then  found  the  area, 
the  question  whether  it  would   yield  .-i  sulficient  quantity  of  water  to  supply 
the  town  of  Liverpool  was  next  to   he  decided.     This  calculation  involved  a 
considerable  amount  of  knowledge  of  geological  structure.     It  was  easy  to 
tell  bow  many  inches  of  rain  descended  from  the  sky  on  a  certain  space  and 
in  a  given  time ;  and  they  had   only  to  multiply  that  by  the  whole  area  in- 
tended   to   he  drained,  and   they  would   have  the  exact  quantity  which  fell 
upon  the  whole.     That  was  simple  enough  ;  but  they  had  then  to  ascertain 
what  was  the  nature  of  the  surface  on  which  the  water  alighted  ;  for  if  it 
were  permeable,  as  sand,  for  instance,  it  was  obvious  that  a  large  proportion 
would  be  absorbed  and  lost ;  or,  if  there   were    many  hollows,  the  water 
would  lie  in  them  and  evaporate.     These  and  other  geological  considerations 
had  all  to  be  well  considered;  but  geological  science  showed  that  the  dis' 


trict,  being  composed  of  the  bed  of  hard  sandstone,  called  millstone  grit, 
partially  covered  over  with  shaley  beds  belonging  to  the  coal  measures,  the 
whole  of  it  might,  for  practical  purposes,  be  regarded  as  impermeable.  The 
sandstone  rock,  oftentimes  very  soft,  was  here  very  hard,  a  good  deal  faulted 
but  not  open — so  that  it  would  allow  almost  the  whole  of  the  water  to  run 
off  the  surface.  The  consequence  was,  that  almost  all  the  rain  that  fell  ran 
into  the  streams,  which  a  further  examination  showed  might  be  readily  col- 
lected into  two  principal  reservoirs  on  the  side  of  the  district  nearest  to 
Liverpool,  which  would  be  2-1  miles  distant.  The  natural  valleys,  in  which 
it  was  intended  to  place  these  reservoirs,  had,  no  doubt,  held  water  before, 
as  the  bottoms  were  covered  with  fresh  water  silt.  There  were  also  beds  of 
alluvial  clay — an  additional  indication  that  a  considerable  quantity  of  fresh 
water  had  at  some  period  been  there.  By  means  of  two  or  three  embank- 
ments, these  lower  districts  would  thus  accumulate  that  water,  which  the 
structure  of  the  upper  districts  allowed  to  run  off.  The  whole  of  the  rain 
which  falls  upon  an  area  of  4  7  square  miles  would  thus  be  collected,  produc- 
ing a  supply  of  '20,000,000  gallons  per  day,  sufficient  for  the  town  of  Liver- 
pool were  it  twice  the  size,  and  also  for  the  supply  of  a  more  useful  and 
economical  article  to  the  mills,  bleach-works,  and  other  works  in  the  neigh- 
bourhood. Here  advantage  was  taken  of  the  peculiar  natural  circumstances 
of  the  district,  to  make  the  ruhumujn  quantity  of  surface  produce  the  ina.vi' 
mum  amount  of  water ;  but  which  could  never  have  been  accomplished,  but 
for  a  distinct  geological  knowledge  of  the  structure  of  the  district.  Had  it 
not  been  for  a  practical  application  of  geological  science,  that  on  a  certain 
description  of  stone  tlie  whole  of  the  water  would  run  off,  the  selection  of 
the  Kivington  Pike  district  would  never  have  been  made,  and  the  probability 
was,  that  Liverpool  would  have  remained  for  a  much  longer  period  suffering 
from  the  want  of  a  sufficiency  of  so  vital  a  fluid.  This  was  a  remarkable  in- 
stance, in  which  a  knowledge  of  structure  had  been  applied  to  superficial  ob- 
jects of  this  kind. 

The  Professor  dismissed  the  subject  of  draining  by  explaining  the  nature 
of  the  operation  of  a  newly-invented  draining  pipe  (Watson's  draining  pipe), 
which  was  remarkably  effective.  It  was  cylindrical,  with  a  great  number  of 
longitudinal  slits,  which  were  wider  inside  than  outjide,  and  thus  counter- 
acted any  tendency  to  clog.  These  pipes  were  most  useful  to  insert  in  beds 
of  clay,  and,  even  after  a  considerable  length  of  dry  weather,  might  he  seen 
giving  out  water  very  plentifully.  This  efficient  draining  caused  the  beds  to 
contract  and  crack,  and,  by  thus  making  openings  for  the  water,  rendered 
the  draining  perfect.  To  the  proper  use  of  these  pipes  a  knowledge  of  the 
dip  of  the  beds  was  indispensable. 

The  next  subject  was  connected  with  ina^ej-iafe  as  required  for  various 
engineering  operations,  and  ustd  for  a  vast  numtjer  of  economical  purposes. 
These  he  would  divide  in  the  same  manner  as  he  had  divided  the  various 
rocks,  and  he  should  commence  with  the  clays. 

Ctag  was  either  mixed  with  limestone  or  with  sand,  in  various  proportions, 
and  was  a  very  important  material.  All  clays  contained  alumina,  hut  a  con- 
siderable number  of  materials  existed,  some  known  by  the  name  of  clays, 
and  others,  though  belonging  to  the  class,  not  recognised  by  the  general  ap- 
pellation. Of  clay,  properly  so  called,  there  were  several  distinct  kinds. 
One  was  the  clay  found  in  the  shape  of  subsoil,  chiefly  used  for  agricultural 
purposes.  In  this  case  it  consisted,  nut  only  of  silicate  of  alumina,  the  base 
of  all  clays,  but  of  limestone,  magnesia,  potash,  iron,  &c.,  and  was  none  the 
worse  for  a  little  pbospliorus  ;  while  it  contained  also  a  quantity  of  carbon. 
This  admixture  was  indispensable  for  vegetation  ;  hut  for  "  materials"  clays 
were  better  without  these  foreign  substances.  The  most  common  clay  con- 
sidered as  a  material  was  known  by  the  name  of  irici  clay ;  it  was  a  silicate 
of  alumina,  with  a  certain  amount  of  free  sand  in  very  variable  quantities, 
which  might,  however,  be  easily  determined  by  washing.  A  good  brick  clay 
should  consist  solely  of  these  materials,  without  lime  or  potash,  and  if  the 
free  sand  was  not  in  sufficient  quantities,  it  must  be  mixed  with  it  to  make 
it  work;  and,  generally  speaking,  the  purest,  in  the  common  sense  of  the 
word,  was  the  best  for  making  bricks.  The  clay  derived  from  the  decom- 
position of  some  of  the  old  rocks  was  particularly  valuable,  and  that  derived 
from  the  decomposition  of  slate  was  generally  most  pure,  and  was  useful,  in 
certain  distiicts,  in  the  manufacture  oi fire-bricls.  The  best  kinds  were  the 
purest,  and  contained  neither  alkaucs  nor  salts,  either  of  which  make  it  run, 
in  the  great  heat  to  which  it  was  sul'jected  in  the  furnaces.  The  presence 
of  such  substances  helped  the  action  of  the  fire,  and  the  surface  of  the  brick 
would  he  turned  to  glass.  Pure  clay  and  sand  was  thus  the  best  for  fire- 
bricks, and  it  was  obtained,  as  he  had  observed,  from  slate.  The  London 
clay,  one  of  the  tertiary  series,  was  for  the  most  part  tolerably  well  ada|ited 
for  bricks — indeed,  all  London  was  built  of  it;  but  it  was  not  well  suited  for 
the  making  of  fire-liricks,  though  it  possessed  many  separate  portions  that 
were  so.  The  mischievous  ingredients  miglit  indeed  be  separated,  hut  gene- 
rally it  was  not  worth  the  Iroulilc  and  expense,  as  there  was  no  great  diffi- 
culty in  olitaining  clay  for  fire  bricks. 

Pipe-clay  m  palters' clay,  another  of  this  class,  was  used  in  the  manufac- 
ture of  the  rougher  kinds  of  earthenware.  This  was  a  most  useful  material, 
and  dhl  not  require  to  be  so  carefully  selected  as  that  used  for  fine  potteiy 
and  porcelain.  It  contained  a  considerable  quantity  of  water,  and  it  was 
unetious  and  soapy  to  the  feel.  It  was  necessary  for  the  (purposes  of  the 
potter  that  it  should  contain  a  considerable  quantity  of  water,  which  usually 
amounted  to  18  per  cent.  It  did  not  contain  sand;  but  it  usually  liad  about 
1  per  cent,  of  oxide  of  iron,  and  a  small  quantity  of  lime.  The  chemical 
composition  of  materials  of  this  kind,  however,  was  not  very  accurately  as- 
certained, as  they  were  for  the  most  part  accidental  mixtures,  and  were  apt 
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to  vary  in  different  localities.  Pipe-  clay  was  obtained  from  beds  situated  in 
the  midst  of  other  clays,  and  they  appeared  to  form  a  band  of  finer  material 
associated  with  the  coarser  clays.  There  was  a  great  deal  of  this  clay  found 
at  Paris,  where  it  was  called  argile  plastique.  The  lower  beds  of  the  London 
clay  were  also  described  as  plastic  clay ;  but  they  consisted,  for  the  most 
part,  of  gravel  or  pebble  beds,  for  which  that  was  not  at  all  a  proper  name. 
Still,  some  of  them  contained  this  material. 

Fullers'  earth  was  another  and  a  finer  kind  of  clay,  used  in  the  fulling  of 
cloth,  on  account  of  its  power  of  absorbing  grease  readily  from  woollens.  It 
contained  an  unusually  large  quantity  of  silica,  as  compared  with  the  ordinary 
pipe-clay,  the  proportion  of  the  latter  being  43  per  cent,  of  silica,  and  33  of 
alumina;  while  that  of  the  former  was — silica,  53  ;  alumina,  10;  the  other 
parts  being  made  up  of  iron  (about  9f  per  cent.),  magnesia  (1  per  cent.), 
and  water  (24  per  cent.).  Fullers'  earth  was  derived  from  the  Weald  clay 
at  Nutfield,  in  the  neighbourhood  of  Reigate,  and  from  the  lower  part  of  the 
oolite  rocks  in  Wiltshire.  In  each  case  there  was  a  considerable  variation 
in  the  colour,  occasioned  by  the  condition  cf  the  oxide  of  iron  ;  but  the 
texture  was  the  same,  and  the  colour  was  a  matter  of  very  little  conse- 
quence. 

Porcelain  clay  was  another  important  material.  This  was  derived  from 
decomposed  felspar,  obtained  generally  from  gneiss,  or  granite.  It  was  the 
purest  of  all  the  clay  rocks,  being  a  pure  silicate  of  alumina,  consisting  of  60 
per  cent,  of  sihca,  and  40  of  alumina.  A  large  quantity  (8,000  tons  annually) 
of  the  finer  kinds  was  obtained  in  Cornwall  by  artificial  washing.  Besides 
this,  upwards  of  25,000  tons  of  the  coarser  kinds  was  obtained  from  beds 
formed  by  the  natural  washing  of  the  rains.  The  decomposed  felspar  was 
mixed  with  water  in  the  artificial  process,  and  moved  along  at  a  certain  velo- 
city, when  the  whole  was  gradually  deposited  in  the  shape  of  porcelain  clay. 
The  coarser  parts  were  deposited  first,  when  the  mass  moved  most  rapidly  ; 
next,  the  finer  parts,  as  the  mass  moved  slower ;  and,  lastly,  the  finest  of 
all. 

There  were  other  clays  worthy  of  notice,  as,  for  instance,  the  ochres,  red 
and  yellow,  the  colour  being  decided  by  the  condition  of  the  oxide  of  iron, 
which  was  present  in  them  in  considerable  quantities.  These,  however, 
were  not  important  as  materials. 

From  some  clays,  the  substance  called  alion  was  derived  ;  but  that,  like 
the  ochres,  was  not  an  important  material,  geologically  speaking,  although 
Interesting  from  the  chemical  process  by  which  it  was  obtained.  The  talented 
lecturer  concluded  by  briefly  describing  this  process. 


PROCEEDINGS   OF  SCIENTIFIC  SOCIETIES. 

ROYAL  INSTITUTE  OF  BRITISH  ARCHITECTS. 

Nov.  29. — A.    PoYNTER,  Esq.,  V.P.,  in  the  Chair. 

The  Secretary  read  the  Report  of  the  Committee  appointed  to  examine 
the  design  submitted  by  the  Cavalier  Nicolo  Matas  for  the  completion  of 
the  western  front  of  the  Cathedral  at  Florence.  The  report  expressed  in 
general  terms  an  approval  of  the  design ;  and  stated  that  the  architect  has 
shown  judgment  in  adopting  the  style  of  the  other  parts  of  the  exterior — 
thus  seeking  to  complete  the  noble  edifice  in  one  congruous  character,  in 
harmony  with  the  Campanile  and  the  Baptistery.  By  this  unity  of  senti- 
ment, the  design  for  the  western  front  appears  a  consistent  and  integral 
part  of  the  structure. 

A  paper  was  read  by  J.  Gwilt,  Esq.,  entitled,  "  Some  discursive  Remarks 
on  Pointed  Architecture,  in  relation  to  its  Symmetry  and  Stabilitij,'* 

The  essay  was  of  considerable  length,  and  traced  in  a  general  way  the 
origin  of  Gothic  architecture.  Mr.  Gwilt  stated  that  of  a  great  number  of 
writers  on  that  subject  whom  he  had  consulted,  he  found  tliat  twenty  were 
of  opinion  that  it  originated  in  Germany,  fourteen  that  it  was  of  Eastern  or 
Saracenic  origin,  six  tliat  it  arose  from  the  hint  suggested  by  the  intersec- 
tion of  Norman  arches,  four  that  it  was  the  invention  of  the  Goths,  and 
three  that  it  arose  in  Italy.  lUr.  Gwilt  was  of  opinion,  with  M.  Michelet 
("  Histoire  de  France"),  that  when  the  power  of  the  Church  diminished 
about  the  year  1200  under  Innocent  111.  the  arts,  particularly  architecture, 
fell  into  lay  hands  to  a  considerable  extent  ;  that  the  impetus  thus  given 
changed  its  character ;  and  that  in  the  hands  of  the  lodges  of  Freemasons 
which  then  arose  Gothic  architecture  and  all  its  developments  were  origi- 
nated and  taught.  By  the  aid  of  diagrams  and  drawings  the  gradual 
growth  of  the  fine  forms  of  Gothic  architecture  were  developed  and  its 
principles  explained;  the  leading  fact  seeming  to  be  that  the  number  of 
sides  in  the  polygonal  apsides  of  the  cathedrals  was  the  governing  number 
for  all  the  parts  of  the  plan  and  even  the  details  of  the  architecture. 
Many  curious  instances  of  these  analogies  were  given.  Mr.  Gwilt  corn- 
batted  the  "  Vesica  Piscis"  theory,  as  well  as  the  vagaries,  as  he  called 
them,  of  the  symbolists. 

A  communication  was  read  from  E.  I'anson,  relative  to  some  mural  paint- 
ings discovered  by  him  in  the  church  of  Lingfield,  in  Surrey.  These 
paintings,  fac-similes  of  which  were  exhibited  by  him,  represented  draped 
figures,  about  three  feet  in  height,  on  a  diaper  groundwork,  and  appeared  to 
have  been  executed  in  distemper.     They  had  at  some  period  been  covered 


over  with  whitewash ;  on  which  the  Commandments  and  scriptural  texts 
had  been  inscribed. 

Dec.  13.— S.Angell,  Esq.,  V.P.,  in  the  Chair. 
A  paper  was  read  "  On  the  Principles  and  Practice  of  Building  Sewers." 
By  E.  I'anson,  jun..  Fellow. 

The  intention  of  the  author  was  to  show  that  sewers  might  be  effectually 
constructed  with  a  moderate  fall ;  that  no  one  form  of  section  is  applicable 
under  all  circumstances,  but  that  no  form  should  materially  depart  from  that 
of  the  semicircular  invert  ;  that  all  main  sewers  should  be  of  sufficient  al- 
titude to  allow  a  man  to  pass  through  ;  that  no  impediment  should  be  offered 
to  the  contmuous  flow  by  cross  streams  or  accumulating  deposits;  and  that 
cleansing  by  "flushing"  is  an  eflicient  means  of  removing  the  silt  and  other 
matters  in  the  sewers.  Mr.  I'anson  particularly  alluded  to  the  necessitv  of 
all  sewers  being  of  suflicient,  but  not  of  more  than  suflicient,  sectional  area 
to  contain  the  greatest  quantity  of  water  that  may  at  one  time  have  to  pass 
off— or  that,  as  in  the  case  of  districts  below  the  level  of  high  water,  they 
may  have  at  one  time  to  contain.  In  reference  to  the  idea  of  constructing 
sewers  of  small  size  and  removing  the  contents  by  continued  pumping,  Mr. 
I'anson  remarked,  that  as  the  pumping  power  should  be  at  all  times  equai 
not  only  to  discharge  the  average  quantity  of  water,  but  also  that  of  the 
greatest  quantity  which  may  at  any  time  be  required  to  be  passed  off,  it  was 
obvious  that  there  would  be  an  enormous  continued  waste  of  power  at  a 
cost  more  than  commensurate  to  the  saving  effected  by  constructing  the 
sewers  of  smaller  size. 


SOCIETY  OF  ARTS,  LONDON. 

Nov.  10. — Thomas  Webster,  Esq.,.F.R.S.,  in  the  Chair. 
The  Secretary  read  an  address  on  the  opening  of  this  the  94  th  Session  of 
the  Society. 

Mr.  J.  CuNDAi.L  read  a  paper  "  On  Ornamental  Art  as  applied  to  Ancient 
and  Modern  Bookbinding." 

The  author  commenced  by  stating  that  the  earliest  records  of  bookbinding 
prove  that   the  art  has  been   practised  for  nearly  2,000  years ;  previous  to 
which  time,  books  were  written   on  strolls   of  parchment.     Some  inventive 
genius,  however,  to  whom  tlie  Athenians  erected  a  statue,  at  length  found 
out  a  means  of  binding  books  with  glue  :  the  rolls  of  vellum,  &c.,  were  cut 
into  sheets  of  two  and  four  leaves,  and  were  then  stitched  somewhat  as  at 
the  present  day.     Then  came  the  necessity  for  a  covering,      The  first  book- 
covers  appear  to  have  been  made  of  wood,  probably  merely  plain  oaken 
boards,  which  were  afterwards  succeeded  by  valuable  carved   oak  bindings ; 
these  were  followed  by  boards  covered  with  vellum  or  leather,  and  specimens 
of  such  of  great  antiquity  still  exist.     The  Romans  carried  the  art  of  book- 
binding to  considerable   perfection,  and  some   of  their  public  oflicers  had 
books   called   "  Diptycks,"  in  which  their  acts  were  written.     An  old  writer 
says  that  about  the  Christian  era,  the  books  of  the  Romans   were  covered 
with  red,  yellow,  green,  and  purple  leather,  and  decorated  with  silver  and 
gold.     In  the  13th  century  some  of  the   gospels,  missals,  and  other  service 
books  for  the  use  of  the  Greek  and  Roman  churches,  were  covered   in  gold 
and  silver;  some  were  also  enamelled  and  enriched  with  precious  stones  and 
pearls  of  great  value.     In   the  15th  century,   when  art  was  universal,  such 
men  as  Albert  Durer,  Raffaelle,  and  Guillo  Romano,  decorated  books.     The 
use  of  calf  and  morocco  binding  seems  to  have  followed  the  introduction  of 
printing,  and  there  are  many  printed  books  bound  in  calf  with  oaken  boards 
about  the  15th  and  beginning  of  the  sixteenth  centuries  ;  these  are  mostly 
stamped  with  gold  and  bhud  tools:  the  earliest  of  these  tools  generally  re- 
present figures,  such  as  Christ,  St.  Paul,  coats  of  arms,  &c.,  according  to  tlie 
contents  of  the  book.      In  the   reign  of  Henry  VIII.,  about  1538,  Grafttrn, 
the  printer,  undertook  to  print  the  Great  Bible,  for  which  purpose   he  went 
to  Paris,  there  not  being  suflicient   men  or  types  in   England;  he  had  not, 
however,  proceeded  far  when  he  was  stopped  in  the  progress  of  this  "  he- 
retical book,"  upon  which  he  returned  to  England,  bringing  with  him  presses, 
type,  printers,  and  bookbinders,  and  finished  the  work  in  1539.     Henry  VIll. 
had  many  books  bound  in  velvet,  with   gold  bosses   and  ornaments ;  and  in 
his  reign  the  stamping  of  tools  in  gold  appears  to  have  been  introduced.     In 
the  reign  of  Elizabeth,  some  exquisite  bindings    were   done  by  embroidery, 
the  queen  herself  working  the  covers  with  gold  and  silver  thread,  spangles, 
&c.     Count  Grolier  seems  to  have  been   a  great  patron  of  the   art  on   the 
continent,  and  all  his  books  were  bound  in  smooth  morocco    or  calf  orna- 
mented with  gold.      The  style  of  the  books  of  Maioli  was  very  similar  to 
that  of  Grolier,   or  those  of  Diana  of  Poictiers,  the  specimens  done  for  her 
being  among  the  finest  ever  produced,  and  were  no  doubt  designed  by  Petit 
Bernard.     Rogar  Paine  was  the  first  Englishman  who  produced  a  really  good 
binding,  and  some  of  his  best  works,  such  as  French  romances,  were  pow- 
dered with  the  fleur-de-hs.      His  books  on  chivalry  had  suitable  ornaments  ; 
on  poetical  works  he  used  a  simple  lyre,  and  carried  the  emblematical   style 
of  binding  as  far  as  emblems  ought  to  be  used.      The  following   bill  of  his 
for  binding  a  work  is  a  curiosity,  and  shows  how  moderately  he  charged : — 
"  Vaneria  prodiura  Rusticum,  Parisiis,  mdcclxxiv. 
"  Bound  in  the  very  best  manner  in   the  finest    green    mo- 
rocco, the  back  lined   with  red   morocco.     Fine  drawing- 
paper   and  very  neat   morocco  joints  inside.     Their  was  a 
few  leaves  staind  at  the  foredge,  which  is  washed   and 
cleaned  ..  ..  ..  ..  ■•  006 
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"  The  sutiject  of  the  book  being  '  Rusticum,'  I  have  ven- 
tured to  putt  the  Viae  Wreath  on  it,  I  hope  I  have  not 
bound  it  in  too  rich  a  manner  for  the  book.  It  takes  up  a 
great  deal  of  time  do  these  Vine  wreaths ;  I  guess  within 
time  I  am  certain  of  measuring  and  working  the  different 
and  various  small  tools  required  to  fill  up  tlie  Vine  wreath, 
that  it  takes  very  near  3  days'  work  in  finishing  the  two 
sides  only  of  the  book — but  I  wished  to  do  my  best  for  the 
work,  and  at  the  same  time  I  cannot  expect  to  charge  a  full 
and  proper  price  for  the  work  ;  and  hope  that  the  price  will 
not  only  be  found  reasonable  but  cheap      . .  . .  0  18     0" 

Of  the  binders  of  the  present  century,  the  following  deserve  to  be  men- 
tioned with  respect — viz.,  Mr.  Mackenzie,  Mr.  Clarke,  Mr.  Bedford,  and  Mr. 
Hayday ;  the  bindings  by  the  latter  consist  almost  invariably  of  adaptations 
and  modifications  of  ancient  examples.  Among  the  many  splendid  speci- 
mens of  his  work  exhibited,  that  of  "  the  Sheriffs  of  Shropshire,"  in  impe- 
rial folio,  deserves  special  notice,  as  being  enriched  with  the  armorial  bear- 
ings beautifully  coloured.  The  binding  is  of  blood-coloured  morocco,  e.x- 
tending  an  inch  and  a  half  all  round  the  inside  of  the  cover,  on  which  is 
stamped  a  bold,  open  border,  tooled  iu  gold. 

The  author,  after  alluding  to  the  numerous  specimens  of  modern  bindings 
which  have  of  late  been  produced  to  the  public,  and  regretting  their  want  of 
originality,  concluded  by  urging  the  necessity  of  attempting  something  ori- 
ginal and  suitable  to  the  advancing  and  improving  taste  of  the  time.  Then 
we  may  hope  that  ere  long  ornamental  art  in  bookbinding  will  be  wedded  to 
our  present  perfect  execution,  and  that  the  19th  century  will  be  able,  like 
the  15th,  to  boast  of  a  stvle  of  its  own. 

Mr.  H.  Cole,  assistant  keeper  of  the  Public  Kecords,  exhibited  a  number 
of  very  curious  and  beautiful  specimens  of  bookbinding,  among  which  was 
one  containing  the  deeds  relating  to  Henry  the  Seventh's  Chapel  at  West- 
minster, in  which  the  monks  undertake  to  pray  for  the  soul  of  its  founder  as 
long  as  the  world  is. 

Noo.  17.— W.  H.  Bodkin,  Esq.,  V.P.  in  the  Chair. 
The  first  communication  read  was  by  Mr.  Briant,  on  his  "  Plan  for  over- 
coming the  difficulties  of  a  Break  of  Gauge,  and  of  Uniting  the  Broad  and 
Narrow  Gauge  Railways." 

Mr.  Briant  commenced  his  paper  by  pointing  out  the  difficulties  which 
had  arisen  from  the  adoption  of  the  two  gauges  in  this  country,  and  the 
objections  which  have  been  urged  against  the  various  plans — viz.,  the  tele- 
scopic axles  for  the  wheels;  the  shifting  of  the  carriages  from  one  gauge  on 
to  that  of  another;  laying  down  double  lines  of  rails ;  &c.  He  then  pro- 
ceeded to  describe  his  own  plan,  which  is  as  follows  : — At  the  point  of  junc- 
tion of  the  two  gauges,  a  platform  is  to  be  fixed  in  the  centre  of  the  rails ; 
the  carriages  are  then  to  be  placed  upon  wheels,  the  two  ends  of  the  axles 
of  which  are  to  be  made  as  male  screws  ;  on  the  centre  of  the  axle  a  pinion- 
wheel  is  to  be  fixed,  and  under  it  attached  to  the  frame  of  the  carriage  a 
lever,  upon  the  upper  side  of  which  is  a  rack,  and  at  the  lower  end  an  anti- 
friction roller.  The  nave  of  the  wheels  is  to  extend  under  the  carriage  in 
the  form  of  a  female  screw,  to  receive  the  axles.  By  this  arrangement, 
while  the  train  is  travelling  on  the  narrow  gauge,  the  wheels  would  be 
screwed  up  to  the  required  width,  the  racked  lever  hanging  loosely  under  the 
pinion-wheel,  and  the  axle  would  turn  with  the  wheels ;  but  when  the  train 
reached  the  point  of  junction,  the  lever  would  be  caught  up  by  the  platform 
(which  is  to  be  40  yards  long),  and  with  it  the  rack.  The  axle  would  thus 
be  prevented  from  turning  by  the  pinion-wheel  and  rack,  and  the  wheels, 
from  the  weight  of  carriage,  passengers,  luggage,  &c.  pressing  upon  them, 
would  immediately  begin  to  unwind  the  screws,  which,  by  the  time  the  car- 
riage has  reached  the  other  end  of  the  platform,  will  have  extended  the 
axle  to  the  required  width — the  lever  would  drop  and  free  the  pinion-wheel, 
and  the  axle  would  then  turn  with  the  wheels  as  before.  The  wheels  are 
kept  in  their  position  when  unwound  by  coupling-rods.  In  backing  the 
train,  the  screw  is  prevented  from  acting  by  means  of  a  stop  fixed  to  the 
carriage  and  blocking  the  axle.    A  working  model  was  exhibited. 

The  second  paper  read  was  by  D.  J.  Hoare,  Esq.,  "  On  a  Railway  Tele- 
graph and  Alarum,  to  be  used  as  a  means  of  Communicating  between  the 
Guard  and  Driver  of  Railway  Carriages." 

The  plan  proposed  is  that  a  series  of  rods  should  be  passed  through  the 
carriages  of  a  train,  and  united  at  their  extremities  by  a  telescope-joint,  so 
as  to  allow  of  extension  and  contraction  :  the  rods  being  made  with  a  uni- 
versal joint,  admit  of  a  rotary  motion, — the  only  motion  which  a  railway 
train  has  not.  At  the  end  of  the  rod  on  the  guard's  carriage  is  a  crank, 
which,  when  the  rod  is  turned,  comes  in  contact  with  a  hammer,  and  causes 
it  to  strike  a  bell.  A  signal  is  then  to  he  raised,  indicating  the  carriage  from 
which  the  signal  is  made  ;  the  guard  will  then  immediately  ascertain  whether 
it  is  necessary  that  the  train  should  be  stojiped,  and  if  so,  by  turning  the 
rod  in  the  reverse  direction  to  what  the  person  signalling  had  done,  will 
ring  another  bell  at  the  driver's  end  of  the  train,  or  sound  the  whistle  of  the 
engine. — Mr.  Hoare  stated  that  it  is  immaterial  what  the  curve  of  the  rail- 
way may  be,  as  the  universal  joint  admits  of  the  rod  varying  from  a  right 
line.  It  would  also  act  in  case  a  carriage  got  off  the  line,  or  even  on  to  the 
buffers  of  the  carriage  preceding  it. 

Nov.  24.— T.  WnnsTER,  Esq.,  F.R.S.,  V.P.,  in  the  Chair, 
The  first  communication  read  was  on  Mr.  Ddtton's  "  Railway  Communi- 
cator." 
Mr.  Button  proposes  that  a  small  metal  pipe  should  be  fixed  in  some 


convenient  part  of  each  railway  carriage,  and  connected  at  its  extremities 
with  the  carriage  preceding  and  following  it  by  means  of  a  short  length  of 
vulcanized  india-rubber  tubing  and  a  kind  of  bayonet  fastening  ;  at  the  end 
of  the  tube,  near  to  the  guard's  seat,  a  whistle  is  to  be  fixed,  which  will  be 
capable  of  being  sounded  by  the  passengers  on  their  blowing  into  a  small 
branch  tube,  to  be  fixed  in  each  carriage  in  connection  with  the  metal  pipe. 
A  model  was  exhibited. 

The  second  communication  was  by  Mr.  F.  Brothers,  "  On  his  plan  for 
forming  a  Communication  between  the  Passengers,  Guards,  and  Drivers  of  a 
Railway  Train." 

Mr.  Brothers  proposes,  by  means  of  a  fly-wheel,  to  be  worked  by  the 
rapid  current  of  air  passing  through  it,  to  set  in  motion  a  multiplying  power 
which  shall  work  a  small  air-pump,  and  compress  air  into  a  chamber  in  con- 
nexion with  which  two  wliistles  shall  be  fixed;  one  of  these  the  passengers 
are  to  be  capable  of  sounding,  by  allowing  the  compressed  air  to  escape. 
The  second  whistle  is  to  be  of  a  different  size  and  sound,  and  entirely  under 
the  control  of  the  guard,  and  only  to  be  used  when  it  is  necessary  to  stop 
the  train. 

The  third  paper  was  by  Mr.  E.  E.  Allen,  on  his  means  of  effecting  a  simi- 
lar communication. 

Mr.  Allen  proposes  to  make  use  of  electricity  as  a  means  of  sound- 
ing the  steam  whistle.  Galvanised  wires  are  to  be  carried  along  each  of  the 
carriages  of  a  train,  and  the  electric  circuit  is  to  be  completed  by  the  use  of 
galvanised  coupling  chains,  which,  so  long  as  the  circuit  is  complete,  mag- 
netises a  piece  of  soft  iron  and  holds  a  detent  attached  to  the  steam-cock ; 
but  whenever  the  circuit  is  broken,  the  iron  is  demagnetised,  and  the  detent 
allowed  to  go  free,  upon  which  the  steam  escapes,  and  the  whistle  thereby 
sounded. 

The  fourth  paper  read  was  by  Messrs.  Brett  and  Little,  on  their  method 
of  forming  a  similar  communication. — In  this  plan,  as  in  Mr.  Allen's,  it  is 
proposed  to  use  an  electric  current,  the  circuit  of  which  is  to  be  completed 
by  means  of  wires  and  chains,  but  is  to  act  only  when  the  circuit  is  com- 
plete, when  a  bell  is  rung. 

Dec.  1.— W.  Wyon,  Esq.,  R.A.,  in  the  Chair. 

Five  specimens  of  "  Painting  on  Glass,"  by  M.  De  Ron,  of  Munich, 
were  exhibited. — The  Secretary  stated  that  the  colours  used  by  M.  De  Rou 
are  peculiar,  and  the  method  of  preparing  them  known  only  to  himself,  and 
which  colours  are  glasses  of  different  degrees  of  hardness,  care  being  taken 
in  using  them  never  to  put  a  harder  upon  a  softer  metal.  He  also  uses  both 
sides  of  the  glass,  which  enables  him  to  obtain  clearness  and  decision  of 
colour. 

Mr.  Hall  offered  some  remarks  on  the  history  of  stained  glass,  and  ex- 
hibited several  specimens  of  modern  manufacture. 

Mr.  S.  Moulton  exhibited  a  model  of  an  "  Iron  Truss  Railway  Bridge," 
the  invention  of  Mr.  Rider,  of  New  York. — The  pecuUarities  of  this  bridge 
are  its  simplicity,  lightness,  and  strength.  The  directors  of  the  New  York 
and  Harlem  railroad  have  erected  a  bridge  on  this  principle,  the  span  being 
70  feet,  and  having  a  double  track  or  roadway  upon  it ;  the  entire  weight  of 
metal  used  in  its  construction  was  13  tons,  while  its  cost  was  under  jEdOO. 

A  paper  was  read  by  Mr.  Archer,  "  on  Engraving  with  reference  to 
Monumental  Brasses  and  Incised  Stones." 

The  author  commenced  by  referring  to  the  very  early  period  at  which  the 
art  of  engraving  appears  to  have  been  known  and  practised  by  the  lapidary 
and  goldsmith,  and  the  probability  that  those  to  whom  the  art  was  knowa 
were  subject  to  a  precise  code  of  laws  and  connected  with  the  priestly  office, 
these  laws  having  the  effect  of  regulating  the  productions  according  to  a 
given  standard  set  up  by  the  heads  of  their  order ;  thus  giving  a  singular 
uniformity  to  the  numerous  examples  of  antique  art,  whether  in  painting, 
sculpture,  or  engraving.  After  alluding  to  the  Egyptian,  Etruscan,  Greek, 
and  Roman  specimens  of  engraving,  and  their  similarity  and  common  origin, 
he  proceeded  to  point  out  the  various  purposes  to  which  the  art  of  engrav- 
ing on  brass  was  employed,  such  as  the  representation  of  geographical  dia- 
grams. In  the  time  of  Herodotus,  edicts  and  public  records  were  sometimes 
inscribed  on  brass  tablets,  a  striking  instance  of  which  occurs  in  the  preser- 
vation down  to  the  present  time  of  tlie  will  and  acts  of  the  emperor  Augus- 
tus. Having  touched  upon  some  few  instances  of  the  ancient  practice  of 
the  caleographic  art,  the  author  proceeded  to  detail  some  particulars  of  that 
process  as  it  appeared  at  the  general  revival  of  art  during  the  middle  ages. 
In  the  8th  century,  by  a  law  of  Kenneth,  king  of  Scotland,  it  was  enjoined 
that  a  cross  should  be  put  on  every  gravestone — i.  e.  coffin-lid  ;  and  this 
appears  to  have  been  done  in  three  ways :—  1st.  By  the  use  of  incised  lines 
drawn  around  tiie  object.  2ndly.  By  producing  the  form  in  low  relief. 
3rdly.  By  a  wholly  excised  figure. — The  use  of  sepulchral  brasses  appears  to 
have  originated  with  the  general  revival  of  art  in  the  13th  century,  one  of 
the  earliest  specimens  being  that  of  Sir  Roger  de  Trompington,  who  died  in 
1289.  The  brasses  of  the  14th  and  loth  centuries  contain,  besides  the  effi- 
gies of  warriors,  churchmen,  ladies,  and  civilians,  many  examples  of  beau- 
tiful decoration,  derived  from  the  architectural  practice  of  the  time.  Diffe- 
rent combinations  of  the  letters  I.H.S.,  composing  the  sacred  monogram, 
appear  in  the  brasses  of  the  15th  and  beginning  of  the  16th  centuries.  In 
the  16th  century,  at  the  time  of  the  Reformation,  these  sacred  monuments 
appear  to  have  become  obnoxious,  and  were  accordingly  swept  out  of  the 
churches  with  an  unsparing  hand — few  (comparatively)  having  escaped  de- 
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stiuction  :  of  some  of  these,  however,  the  author  produced  rubbings  ;  and, 
having  traced  the  history  down  to  the  19th  century,  and  referred  to  the 
latest  of  that  period  (prior  to  those  produced  under  his  own  direction),  he 
proceeded  to  urge  the  desirableness  of  possessing  as  a  nation  a  complete 
collection  of  the  rubbings  of  the  brasses  of  this  country,  as  illustrative  of 
the  costume  and  history  of  bygone  times,  and  the  propriety  of  such  a  col- 
lection being  deposited  in  the  British  Museum.  The  author  then  concluded 
his  paper  by  calling  attention  to  the  cartoons  of  several  monuments  recently 
executed  by  himself,  by  a  new  processs  of  working  on  brass,  and  which  he 
promised  to  communicate  to  the  Society  at  an  early  period. 

Dec.  8. — T.  HoBLYN,  Esq.,  in  the  Chair. 
Mr.  H.  Cole  made  some  remarks  in  reference  to  Mr.  Archer's  paper  on 
sepulchral  brasses  and  incised  stones,  read  at  the  last  meeting.  He  observed 
that  about  ten  years  since  the  study  of  brasses  re-commenced  in  this  coun- 
try. During  that  period,  however,  almost  all  that  is  known  respecting  the 
brasses  has  been  exhausted,  and  several  works  have  been  written  on  the  sub- 
ject; so  that  there  is  scarcely  anything  to  find  out,  unless  the  brasses  happen 
to  lay  under  pews  or  in  parts  of  the  churches  which  at  present  are  concealed. 
The  most  remarkable  have  been  published  by  the  Cambridge  Camden  So- 
ciety, and  on  the  walls  are  exhibited  engravings  from  a  book  of  great  excel- 
lence by  Waller  ;  others  have  also  paid  attention  to  the  subject.  The  ordi- 
nary process  of  obtaining  rubbings  is  as  follows  : — A  sheet  of  paper  is  laid 
upon  the  brass,  and  kept  in  its  position  by  weights  ;  it  is  then  rubbed  over 
with  a  composition  known  as  heel-ball.  By  this  means,  the  whole  of  the 
paper  where  the  brass  under  it  is  not  cut  away  becomes  blackened,  while  the 
incised  lines  remain  the  colour  of  the  paper.  In  some  cases,  a  kind  of 
bronze  composition  is  used  upon  a  black  paper,  and  by  this  means  as  nearly 
as  possible  a  facsimile  of  the  brass  is  obtained.  The  most  important  brasses 
to  be  found  in  London  are  in  Westminster  Abbey,  St.  Helen's,  Bishopsgate, 
AUballows,  and  St.  Andrew's  Undershaft.  Passing  out  of  London,  the 
nearest  churches  where  any  remarkable  brasses  are  to  be  found  are,  Willes- 
den,  Harrow,  South  Minns,  St.  Alban's,  Broxbourne,  Cheshunt,  Roystead, 
Chigwell,  Windsor,  Stoke-Pogis,  Taplow,  Westerkam,  Penshurst,  and  Cob- 
ham. 

Mr.  Hall  made  some  remarks  relative  to  the  history  of  copper-plate  en. 
graving,  and  the  probability  that  it  grew  out  of  the  art  of  engraving  monu- 
mental brasses. 

Mr.  Slocum  exhibited  two  ploughs,  a  scythe  and  cradle  for  reaping  corn, 
a  grass  scythe,  three  spring  tempered  manure  and  hay  forks ,  a  cast-steel  hand 
hoe,  and  an  American  axe.  He  stated  the  peculiarity  of  these  implements 
to  consist  in  their  lightness,  cheapness,  and  durability,  thus  enabling  the 
agricultural  labourer  to  accomplish  a  larger  amount  of  daily  work  at  a  less 
cost.  The  implements  he  exhibited  were  such  as  are  commonly  used  in  the 
United  States. — A  letter  was  read  from  Mr.  Love,  of  Manor  House,  Naseby, 
in  which  he  states  that  the  ploughs  were  tried  on  a  clay  soil,  in  rather  a  dry 
state,  against  Adams's  Northampton  plough,  and  one  of  Howard's  Champion 
ploughs.  Howard's,  when  working  five  inches  deep  by  eleven  inches  wide, 
had  a  draught  of  31  stone  ;  and  Adams's  plough,  at  the  same  width  and 
depth,  a  draught  of  30  stone;  while  the  American  plough,  at  five  inches 
deep  and  fourteen  wide,  drew  only  26  stone.  "  In  justice  to  the  American 
ploughs,  1  must  say,"  observes  Mr.  Love,  "  that  they  cut  up  and  cleaned 
their  furrow  quite  as  well  as  the  other  ploughs,  and  also  turned  the  earth, 
completely  breaking  it,  and  putting  the  soil  in  capital  position  for  drilling 
or  dibbling ;  they  are  the  most  simple,  strong,  light,  and  effective  ploughs  it 
is  possible  to  conceive  :  other  experiments  were  also  made,  and  the  draught 
tested  by  the  dynamometer." — The  cost  of  the  ploughs  Mr.  Slocum  stated 
to  be  £2  each. 

A  communication  was  read  from  Mr.  W.  Taylor,  F.L.S.,  &c.,  "on  the 
Cultivation  of  the  Polygonum  Tinctorium,  or  Dyer's  Tinctoria." 

"  This  plant,"  observes  Mr.  Taylor,  "  is  a  native  of  China,  and  was  intro- 
duced into  this  country  in  1776,  by  John  Blake.  It  is  used  in  China  and 
Japan  for  the  purpose  of  dying  a  blue  similar  to  that  of  the  finest  indigo. 
The  colour  is  obtained  from  the  leaves  of  the  plant,  which  are  dried,  pounded, 
and  made  into  cakes.  '  With  these  cakes,'  Hunberger  says,  '  they  dye 
linen,  silk,  and  cotton.'  When  the  cakes  are  boiled,  they  add  ashes ;  and 
the  stronger  the  decoction  is  made,  the  darker  is  the  colour.  The  plant 
grows  best  in  this  country  on  soils  of  a  medium  texture,  which  must  also  be 
well  manured  before  the  seed  is  sown,  which  is  best  sown  in  rows  about  the 
middle  of  April.  Two  pounds  of  seed  to  the  acre  is  sufficient,  but  the  plants 
may  be  planted  out  in  rows  from  the  hot  bed,  at  the  rate  of  about  16,000  to 
the  acre ;  and  unless  they  are  brought  forward  and  planted  out,  they  will 
not  produce  seed  in  England.  The  plant  can  be  prepared  for  the  market  in 
three  ways,  viz. — 1st,  it  may  be  cut  in  a  green  state  and  sold  to  the  dyer,  in 
which  case  an  acre  would  produce  five  tons  of  leaves  and  stalks,  worth  about 
f  30. — 2nd,  if  cut  and  placed  in  vats,  so  as  to  precipitate  the  fecula,  or  in- 
digo, the  acre  would  produce  3  cwt.  of  colour,  which,  at  Is.  per  lb.,  would 
be  worth  ^16  16s. — 3rd,  the  plants  may  be  cut  up,  dried,  and  packed  in 
bundles :  the  acre  would  then  yield  three  tons  of  dyeing  matter,  and  be 
worth  about  £21.  The  colouring  matter  may  be  extracted  either  by  fer- 
mentation or  scalding."  Specimens  of  the  plant  and  colour  were  exhibited. 
The  last  communication  read  was  by  Mr.  W.  Bennett,  "  o«  some  samples 
of  Flax  grown  in  Ireland  in  1847." 

Specimens  of  the  flax  were  exhibited,  and  Mr.  Bennetf  stated  they  were 
produced  under  every  disadvantage  possible,  and  in  one  of  the  most  remote 


and  destitute  corners  of  the  whole  island,  viz.,  the  barony  of  Boris,  county 
of  Mayo,  on  the  western  coast,  and  under  the  superintendence  of  Mr.  G.  S. 
Bourns,  the  peasantry  being  wholly  unacquainted  with  its  mode  of  culture 
and  preparation.  The  flax  is  of  good  quality,  and  worth  from  6s.  to  8s.  per 
stone.  The  introduction  of  its  culture  has  also  afforded  employment  to  a 
large  number  of  poor  women  in  spinning.  The  peasantry  are  also  being 
employed  to  manufacture  linen  from  looms  erected  in  the  stables  of  a  clergy- 
man, in  another  most  distressed  locality,  specimens  of  which  were  exhibited. 


ROYAL  SCOTTISH  SOCIETY  OF  ARTS. 

Nov.  8,  1847.— David  Maclagan,  M.D.,  F.R.S.E.  President,  in  the  Chair. 

The  following  communications  were  made : — 

1.  On  the  first  principles  of  Symmetrical  Beauty,  as  developed  in  the  Geo- 
metric Harmony  of  the  Human  Head  and  Countenance.  By  D.  R.  Hay, 
Esq. 

Mr.  Hay  commenced  his  paper  with  a  quotation  from  Dr.  Reid's  "  Intel- 
lectual Powers  of  Man,"  showing  that  it  was  the  opinion  of  Ihat  great  philo- 
sopher, that,  as  taste  might  be  true  or  false  according  as  it  was  founded  on 
true  or  false  judgment,  it  must  have  first  principles.  He  then  observed, 
that  by  truth  being  properly  investigated  in  the  natural  sciences,  natural 
philosophy  had  arrived  at  its  present  advanced  state,  and  its  application  in 
the  useful  arts  had  consequently  produced  the  happiest  results.  But  that  in 
our  search  after  truth  in  the  science  of  aesthetics,  a  very  different  course 
had  been  followed,  and  that  our  ideas  of  beauty  were  clothed  in  mystery,  and 
our  attempts  to  produce  the  former  in  the  various  branches  of  art,  depend 
in  a  great  measure  upon  chance.  This  he  attributed  to  the  practice  of  ser- 
vile copying  in  our  schools  of  art,  instead  of  studying  the  first  principles  or 
teachable  laws  of  beauty ;  in  short,  that  we  study  and  imitate  results  without 
investigating  causes.  He  asserted  that  there  exist  precise  mathematical 
principles  of  a  practical  nature,  by  which  the  external  form  of  the  human 
head  and  countenance  may  be  delineated,  and  by  which  the  proportions  and 
relative  positions  of  the  features  may  be  arranged  upon  the  facial  surface  so 
as  to  produce  a  primary  species  of  symmetrical  beauty ;  and  that  these  prin- 
ciples were  identical  with  those  which  produce  beauty  in  architecture  and 
ornamental  design.  This  he  demonstrated  by  combining  in  a  diagram  the 
Platonic  triangles  and  the  curvilineal  figures  that  belong  to  them,  showing, 
at  the  same  time,  that  those  triangles  were  the  root  of  all  symmetrical 
beauty  and  harmony  in  geometry.  He  showed  that  this  diagram  corresponded 
in  all  its  parts  to  the  anatomy  of  the  human  head,  and  that  the  countenance 
thereby  produced  possessed  the  beau  ideal  beauty  of  the  finest  Grecian  sculp- 
tures. Mr.  Hay  stated  that  he  believed  the  principles  he  explained  were 
known  to  the  ancient  Greeks,  and  were  introduced  by  Pythagoras,  and  taught 
by  Plato  in  connection  with  mathematics,  and  by  Pamphilus  as  connected 
with  art.  The  drawings  by  which  Mr.  Hay  exemplified  his  principle  were 
larger  than  life,  and  very  numerous,  and  we  understand  it  is  his  intention  to 
publish  them  on  a  small  scale. 

2.  The  Report  of  the  Prize  Committee,  awarding  the  Prizes  for  Session 
1846-7,  was  read. 

Nov.  22. — G.  Buchanan,  Esq.,  President,  in  the  Chair. 
The  following  communications  were  made : — 

1.  Suggestions  for  preventing  Accidents  on  Railways.  By  J.  Stewart 
Hepburn,  Esq.,  of  Colquhalzie.  These  suggestions  have  reference  to  the 
injudicious  practice  of  mixing  light  with  heavy  carriages  in  different  parts  of 
thetrain,and  to  the  injudicious  applications  of  the  break,  and  the  order  in  which 
it  is  applied ;  and  propose  the  classification  of  the  light  and  heavy  carriages, 
and  the  working  of  the  break  from  the  rear  to  the  front  of  the  train.  They 
have  also  reference  to  the  permanent  works  of  most  railways  as  originally 
constructed,  being  too  light  and  insufficient  for  the  heavier  loads  and  high 
Telocities  which  are  now  used ;  and  propose  to  give  increased  stability  to  the 
rail  by  a  well  laid  pavement  of  heavy  blocks  of  stone,  along  the  outside  of 
each  rail.  They  have  also  reference  to  what  is  called  "jumping,"  which  is 
often  the  cause  of  carriages  running  off  the  line — to  unequal  subsidence  of 
the  roadway,  and  proposes  Telford's  plan  for  forming  the  embankments  in 
concave  layers,  or  thai;  the  earthworks  should  be  allowed  ample  time  to  sub- 
side of  themselves  before  the  rail  is  used.  Mr.  Hepburn  also  proposes  longi- 
tudinal supports  under  the  joinings  of  the  rails,  which  he  considers  their 
weakest  part.  The  suggestions  have  also  reference  to  the  entanglernent  of 
the  buffers,  and  "  riding"  on  each  other ;  and  propose  to  enlarge  vertically 
the  surface  of  the  buffer,  by  having  in  its  place  three  elliptic  springs  on  the 
lower  frame  of  the  carriage,  and  two  on  the  upper  part,  each  set  connected 
with  a  horizontal  bar  of  wood,  and  the  whole  covered  with  boarding.  Mr. 
H.  holds  that  this  arrangement  would  prevent  the  carriage  from  turning  up 
and  rolling  over  each  other  when  a  collision  takes  place. 

2.  Description  of  a  Model  of  a  Malleable  Iron  Railway  Chair.  By  Mr. 
RoBB,  Haddington.  The  advantages  are  stated  to  be  greater  strength,  and 
thus  giving  additional  security  in  passing  sharp  curves  :  the  rails  would  fit 
much  better  from  the  chairs  being  all  cut  true  to  the  pattern,  thus  securing 
a  uniform  bearing  to  the  head  of  the  rails  :  the  superior  manner  in  which 
the  wooden  keys  will  fit,  and  with  less  rigidity.  Mr.  Robb  thinks  they  could 
be  made  cheaper  than  cast-iron  chairs,  and  tliat  they  would  be  stronger,  al- 
though one-half  lighter,  whereby  a  saving  in  cost  of  carriage  would  be 
effected  to  an  extent  of  50  per  cent. 
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3.  Description  of  a  proposed  Improrcmenf  in  Railway  Switches.  By  Mr. 
NicoLL,  Arbroath.  These  snitches  are  placed  on  iron  chairs  so  constructed 
as  to  move  along  with  the  switch,  whereby  the  motion  of  the  switch  is  not 
prevented  by  its  getting  jammed  with  dust  or  rubbish  ;  and  the  chairs,  from 
their  peculiar  form,  push  aside  the  dust  and  clear  a  way  for  the  switch.  Mr. 
NicoU  also  gives  a  description  of  the  apparatus  for  opening  and  closing  the 
switch,  so  as  to  prevent  accidents  by  the  motion  of  them  by  unauthorised 
persons. 

4.  A  Railway  Alarum  Communicator.  By  Mr.  Moffat.  The  object  is 
accomplished  by  a  tube  sunk  in  the  roof  of  each  carriage,  and  to  connect 
these  are  tubes  of  India  rubber  with  screws.  Inside  the  tube  is  a  wire,  and 
attached  to  it  inside  of  each  compartment  of  the  carriage  are  bell-pulls  or 
knobs.  At  each  guard's  seat  are  bells  and  knockers,  and  the  same  at  the 
driver's,  fixed  near  the  engine.  A  passenger  wishing  to  give  a  signal,  pulls 
the  knob,  by  which  means  the  whole  bells  are  rung.  The  tube  can  also  act 
as  a  speaking-trumpet,  mouth-pieces  being  inserted  in  each  compartment, 
and  the  same  to  the  guards  and  drivers — so  that  a  passenger  having  rung 
the  bell,  communicates  to  the  guard  and  driver,  &c.,  his  reason  for  so  doing. 

5.  Description  and  Drawiny  of  an  Alarum  Rein  for  Railway  Trains.  By 
Mr.  M'CoLL.  The  rein  is  attached  to  a  whistle  valve  on  the  engine,  and  ex- 
tends along  the  whole  train  on  the  locked  side  ;  so  that  any  person,  by 
pulling  the  rein,  opens  the  whistle,  and  informs  the  driver  that  something  is 
■wrong. 

Dec.  13.— G.  Buchanan,  Esq.,  F.R.S.E.,  President,  in  the  Chair. 
The  following  communications  were  made  : — 

1.  Description  of  the  Overarch  Suspension  Bridge.  By  Mr.  Milne. 
This  bridge  is  so  constructed  that  the  roadway  runs  under  the  arch,  and  is 
connected  to  it  by  suspending  rods,  which  are  so  disposed  that  a  large  por- 
tion of  the  arch  sustains  a  small  portion  of  the  roadway,  thus  enabling  the 
bridge  to  bear  a  concentration  of  weight  at  any  point.  The  main  rods  of 
the  arch  lean  against  each  other  at  the  centre  (where  the  key-stone  of  a 
stone  bridge  is  situated),  giving  mutual  support,  which  is  continued  towards 
each  end  of  the  arch  by  circular  extenders,  enlarging  as  they  approach  the 
piers.  The  pressure  of  the  main  rods  against  each  other  is  tlius  turned  to 
the  utmost  advantage,  and  gives  the  greatest  stability  possible ;  and  from 
this  construction  the  lee-side  will  resist  a  gale  of  wind  with  the  full  power 
of  the  arch.  The  model  is  twenty  inches  in  length,  on  the  scale  of  ten  feet 
to  an  inch.  The  entire  weight  of  iron  is  six  ounces,  and  it  safely  bears  a 
load  of  561b. — nearly  150  times  its  own  weight. 

2.  Supplementary  Explanations  of  an  improved  Railway  Break.  By  J. 
Stewart  Hepburx,  Esq.  This  is  an  improvement  of  break  submitted  by 
the  inventor  to  the  Society  last  session.  It  consisted  of  a  rubber  block  of 
wood  attached  to  railway  carriages  by  a  moveable  fiame-work  ;  and  applied, 
not  to  the  wheel,  like  the  common  break,  but  to  the  rail,  by  a  gradual  pres- 
sure capable  of  being  increased  to  such  a  degree,  on  an  emergency  of  danger, 
as  to  raise  the  hiud  wheels  from  the  rail. 

3.  Improvements  in  Railways.  By  Mr.  John  Crane.  The  first  improve- 
ment is  for  locomotive  engines  to  ascend  or  descend  steep  inclines.  It  con- 
sists in  laying  along  the  incline  a  toothed  rail,  outside  of  the  common  rail, 
and  keying  on  additional  wheels  with  teeth  on  the  shaft  of  the  driving 
wheels  of  the  engine,  outside  of  the  bearing  vilieels,  and  working  in  the 
toothed  rails,  and  the  teeth  of  which  are  to  work  in  the  teeth  of  the  rail; 
thus  pulling  on  the  train. — The  second  improveuKnt  consists  in  making  the 
wheels  with  double  flanges,  one  on  the  outside  of  the  rails,  as  well  as  the 
tisual  one  within  them.  Thus  the  wheels  would  be  less  liable  to  go  off  the 
rails. — The  third  improvement  consists  in  laying  the  rails  on  longitudinal 
sleepers,  connected  together  by  cross  sleepers,  and  forming  a  series  of  strong 
square  frames. — The  fourth  improvement  is  for  a  break.  Instead  of  pres- 
sing against  the  wheels,  and  thereby  retarding  them  by  friction,  and  eventu- 
ally locking  them,  the  break  falls  down  at  once  between  the  wheel  and  the 
rail,  inserting  itself  between  them  like  a  wedge,  and  thereby  locks  the 
wheels,  and,  at  the  same  time,  ruhs  upon  the  rail.  Four  weiigcs  are  required 
for  ordinary  carriages,  one  pair  at  each  end  ;  each  pair  of  wedges  is  con- 
nected by  a  bar  of  wrought-iron,  in  the  centre  of  which  a  chain  is  fastened, 
which  can  be  raised  by  the  guard,  and  fastened  by  passing  one  of  the  links 
over  a  hook.  When  the  chain  is  detached  from  the  hook  or  button,. the 
break,  by  its  own  weight,  and  guided  by  a  rod  attachad  to  the  carriage,  falls 
under  the  wheels  and  prevents  them  revolving.  The  guiding  rod  to  have  its 
centre  of  motion  eccentric  to  that  of  the  wheel,  and  that  centre  to  be  a  pin 
fixed  on  the  axle  frame  of  the  carriage,  a  little  above  it,  so  that  the  wedges 
when  raised  may  be  clear  of  the  wheels. 


NOTES  OF  THE   MONTH. 

Rmlwuy  Precautions.— 'Mr.  AFyndham  Harding,  in  a  letter  to  the  In- 
stitution of  Mechanical  Engineers,  recommends,  as  the  most  simple  and 
best  method  of  forming  a  communication  between  the  guards  and  engine- 
drivers,  "  That  the  guards  should  have  the  means  of  readily  getting  along 
every  train,  whether  a  passenger  or  a  goods  train,  to  the  enginemao. 
This  (he  observes)  was  the  original  idea  in  narrow-gauge  trains,  for  the 
means  are  afforded  of  getting  from  one  carriage  to  another,  but  the  idea 
has  been  imperfectly  carried  out,  inasmuch  as  a  horse-box  or  a  luggage 
van  afford  no  facilities   for  getting  past  Ibera.     Nothing  is  easier  than  to 


remedy  this  by  holdfasts  and  a  narrow  foothold.  In  the  case  of  flat  trucks 
loaded  with  such  goods  as  cotton,  uprights  at  the  four  corners,  and  a  rope 
from  one  upright  to  the  other,  would  afford  a  hold  for  the  guard,  and 
would  also,  at  the  same  time,  tend  to  steady  the  load.  In  the  vehicles 
which  travel  in  passenger  trains  even  such  an  addition  as  this  would  not 
be  necessary.  On  the  broad-gauge  lines  connected  with  the  Great 
Western  Railway,  there  is  generally  no  facility  afforded  for  getting  along 
the  train,  but  such  facilities  can  with  equal  ease  be  afforded  in  broad- 
gauge  trains  as  on  narrow  by  trifling  additions  to  the  vehicles."  Mr. 
Harding  caused  additions  with  this  object  to  be  made  to  the  broad-gauge 
carriages  ou  the  Bristol  and  Gloucester  Railway  when  he  had  the  control 
of  that  line. 

Commissions  of  Sewers. — The  old  commissions  for  Westminster,  Hol- 
born  and  Finsbury,  Tower  Hamlets,  and  for  the  Kent  and  Surrey  dis- 
tricts, were  all  in  one  week  superseded,  and  a  new  commission,  consisting 
of  the  following,  were  nominated  for  nil  the  districts,  on  the  6th  ult.  : — 
Lord  Ebrington,  Lord  Ashley,  Ur.  Buckland,  Mr.  Hume,  M.P.,  Hon.  F. 
Byng,  Dr.  Arnott,  Dr.  S.  Smith,  Mr.  R.  A.  Slaney,  M.P.,  Sir  J.  Clark, 
Rev.  \V.  Stone,  Professor  Owen,  Sir  H.  De  La  Beche,  Mr.  J.  Bidnell, 
Mr.  J.  Bullar,  Mr.  W.  J.  Broderip,  Mr.  K.  L.  Jones,  Mr.  J.  Leslie,  and 
Mr.  E.  Chadwick. — Mr.  L.  C.  Hertslet,  Clerk  of  the  Westminster  divi- 
sion, and  Mr.  Staples,  Clerk  of  the  Holborn  and  Finsbury  division,  were 
appointed  clerks  of  those  districts  provisionally  ;  and  Messrs.  Phillips  and 
Roe  were  appointed  surveyors  provisionally,  and  Mr.  Austin  consulting- 
surveyor. 

Brussels  Lace. — M.  Blanchet  gave  an  account  of  the  serious  conse- 
quences resulting  from  the  process  of  whiteniug  Brussels  lace  to  the 
persons  employed  in  it.  In  this  process  the  carbonate  of  lead  is  used  ; 
and  a  large  jrortion  of  it  is  carried  into  the  atmosphere,  where  it  is  in- 
haled, and  thus  produces  a  serious  affection  of  the  intestines.  It  is  also 
very  injurious  to  the  sight  and  to  the  hearing. 


LIST    OF    NEAV    PATENTS. 

GRANTED    IN   ENGLAND    FROM    NOVEMBER    30,    TO  DECEMBER    22,    1847. 

Six  Months  allowed  for  Enrolment,  unless  otherwise  expressed. 


William  Betts  and  George  William  Jacob,  of  Wflarf-road,  City-road,  for  "Improvements 
in  the  manulacture  of  capsules,  and  in  the  appliealron  of  certain  descriptions  of  surfaces." 
—Sealed  Nov.  .10. 

William  Eaton,  of  Camberwell,  engineer,  for  "  Improvements  in  machinery  for  twisting^ 
cotton  or  other  tibrous  substances." — Dec.  I. 

Gustavus  Bloenck,  ot  Wellington-street,  Strand,  D.LL.,  for** certain  Improvements  in 
clocks  and  time-keepers." — Dec.  1. 

Thomas  Chandler,  of  Stockton,  Wiltshire,  for  "  Improvements  in  machinery  for  apply- 
ing liquid  manui-e." — Dec.  1. 

Frederick  William  Mowbray,  of  Leicester,  paper  dealer,  for  "  Improvements  in  ma- 
chinery for  the  manufacture  of  looped  fabrics." — Dec.  1. 

Samuel  Neuington,  of  Frant,  Sussex,  M.D.,  for  "  Improvements  in  dibbling  or  solving 
seeds." — Sealed  Dec.  7. 

John  Scoffern,  of  Upper  Holloway,  M.B.,  for  **  Improvements  in  the  manufacture  and 
refining  of  sugar." — Dec.  7. 

John  Britten,  of  Birmingham,  m.^chinist,  for  "  certain  Improvements  in  apparatus  for 
cooking, preparing,  and  containing  human  food  and  drinks,  and  in  opening  and  closing 
oven  doors,  parts  of  which  improvements  are  applicable  to  other  similar  purposes." — 
Dec.  7. 

James  Smith  Torrop,  of  Edinburgh,  newspaper  proprietor,  for  *'  Improved  machinery 
for  time  signals." — Dec.  7. 

William  Dakin,  of  1,  St.  Paul's  Church-yard,  for  *'  Improvements  in  cleaning  and 
washing  colfee,  in  the  apparatus  and  machinery  to  be  used  therein,  and  also  in  the  appa- 
ratus for  making  infusions  and  decoctions  of  cotTee."     (Communication.) — Dec.  7. 

James  Sweetinan  Eitfe,  Esq.,  of  4'->,  Lombard. street.  City,  for  "  Improvements  in  the 
manufacture  of  astronomical  and  other  clocks,  chronometers,  and  watches." — Dec.  7. 

John  Hackett,  of  Leicester,  for  **  Improvements  in  the  manufacture  of  pill-boxes." — 
Dec.  7. 

David  William  Wire,  of  11,  St.  Swithin's-lane,  London,  gentleman,  for  "  an  Improved 
manufacture  of  candles  and  other  like  articles  used  for  affording  lights."  (A  communica- 
tion.)— Dec.  lo. 

Henry  Winter,  of  Webridge-gardens,  Bark. place,  Bayswater,  Middlesex,  for  "  Im- 
provements in  the  manufacture  of  rope,  cord,  line,  aud  twine."  (A  communication.) — 
Dec.  15. 

George  Ambroise  Michant,  of  Epieds,  France,  but  now  of  New  Bond-street,  Middksax, 
gentleman,  for  "  Improvements  in  the  production  aud  application  of  heat,  and  in  the 
maimfacture  of  coke." — Dec.  15. 

AVilliam  Rlallbv,  of  Tredegar-square,  lilile-end,  gentleman,  and  Thomas  Webb,  of 
Mare-street,  Hackney,  gentleman,  for  '*  certain  Improvements  in  the  manufacture  of 
spirits  from  grain  or  other  saccharine  matters,  and  in  the  apparatus  to  be  used  tlierein." 
—Dec.  l.'i. 

William  Westbrooke  Squires,  of  3,  Rue  Chaveau  la  Garde,  Paris,  RI.D.,  for  a  mode  or 
modes  of  producing  a  vacuum,  which  mode  or  modes  may  be  applied  to  pneumatic,  hyd- 
raulic, and  hydrostatic  apparatus,  and  to  machinery  for  obtaining  motive  power." — 
Dec.  18. 

Richard  Wrighton,  of  Lower  Brook-street,  Grosvenor.square,  Rliddlesex,  for  "Im- 
provements in  apparatus  to  be  applied  to  railway  carriages  and  engines." — Dec.  22. 

Charles  Andre  Felix  Rochaz,  of  Paris,  for  "  certain  Improvements  in  treating  zinc  ores, 
and  in  manufacturing  oxide  of  zinc." — Dec.  22. 

Pierie  Augustus  Puis,  gentleman,  of  Paris,  for  '  Improvements  in  apparatus  for  raising 
and  lowering  heavy  bodies  in  mines."     (Communication.) — Dec.  22. 

Henry  F.  Baker,  of  Boston,  Uniteil  States  of  America,  for  "  a  certain  new  and  usefu 
inil)rovement  iu  steam-boiler  furnaces." — Dec.  22. 

Richard  Baird,  of  Dundee,  Scotland,  for  *'  A  new  or  improved  method  of  communica- 
tion between  the  guards,  engine-diivers,  and  other  servants  in  charge  of  trains  of  car- 
riages aud  waggons  on  railways,  and  also  between  the  passengers  and  engine-drivers,  and 
other  servants  in  charge  of  such  trains." — Dec.  22. 

Robert  Stamp,  of  Chelsea,  Middlesex,  hatter,  for  "  Improvements  in  the  manufacture 
of  fabrics  to  be  used  for  covering  hats,  caps,  aud  bonnets,  which  fabrics  may  be  used  for 
other  articles  of  wearing  apparel." — Dec.  22. 

Charles  William  Siemens,  of  Manchester,  engineer,  for  "  Improvements  in  engines  to 
be  worked  by  steam  and  other  fluids." — Dec.  22. 
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ARCHED  TIMBER  VIADUCTS. 

fWith  Engravings,  Plates  III.  and  IV. J 
(From  papers  read  at  the  Institution  of  Civil  Engineers.) 

The  Arched  Timber  Viaducts  on  the  Newcastle  and  North  Shields 
Railway,  erected  by  Messrs.  John  and  Benjamin  Green,  of  New- 
castle-upon-Tyne. 

In  the  formation  of  the  numerous  railways  which  have  been  com- 
pleted within  the  last  few  years,  perhaps  that  which  has  demanded 
the  greatest  exertion  of  skill,  judgment,  and  varied  ingenuity,  is 
the  construction  of  the  bridges  and  viaducts,  whether  of  stone, 
brick,  iron,  or  timber.  The  excavation  of  a  quantity  of  earth,  or 
cutting  through  a  hill  to  fill  up  an  adjacent  hollow  to  the  required 
level,  IS  in  most  cases  a  work  of  little  more  than  manual  labour, 
unless  some  unforeseen  extraordinary  difficulties  occur  in  the  strata, 
which  may  require  energy  and  promptitude  in  adopting  such  mea- 
sures>  as  will  overcome  them  in  the  most  eifectual  and  least  expen- 
sive manner.  But  when  rivers  are  to  be  spanned  and  ravines  to  be 
crossed,  where  there  exist  uncertain  and  variable  beds,  and,  in 
many  instances,  in  the  vicinity  of  towns  and  populous  districts, 
where  houses,  manufactories,  and  other  buildings  are  on  the  imme- 
diate spot,  the  space  required  for  filling  up  such  ravines  with  a 
mound,  (the  base  extending  far  on  each  side,  beyond  what  is  re- 
quired for  the  width  of  the  railway)  would,  by  the  consequent  de- 
struction of  property,  often  involve  such  ruinous  expenses,  as  to 
render  the  adoption  of  that  method  impracticable.  Recourse  must 
then  be  had  to  other  and  more  scientific  means,  in  the  erection  of 
bridges  or  viaducts,  with  piers  occupying  a  small  superficial  area, 
built  up  to  carry  the  necessary  superstructure,  and  adapted  to  the 
locality  in  which  they  are  placed.  Various  considerations  are  in- 
volved in  fixing  on  a  certain  plan  :  yet  the  cost  is  that  of  the  utmost 
importance,  and  invariably  presents  itself  first  in  all  great  works  of 
the  kind.  It  will  not  be  denied,  therefore,  that  the  great  desidera- 
tum for  the  engineer,  is  the  adoption  of  such  means  as  will  fully 
answer  the  purposes  and  the  ends  at  which  he  aims,  and  to  effect 
this  without  a  waste  of  any  kind  of  material;  for  every  thing  that 
is  not  fairly  and  usefully  employed  in  adding  to  the  staliility  and 
strength  of  an  erection,  can  only  be  considered  as  superfluous  and 
injurious  matter;  and  fitness  and  a  skilful  disposition  of  parts,  com- 
bined with  correctness  of  design,  may  be  said  to  form  the  great 
merit  of  all  structures. 

The  cost  of  the  construction  of  viaducts  and  bridges  for  railways 
generally  forms  so  important  an  item  in  the  gross  amount  of  the 
cost  of  a  railway,  that  the  engineer  is  led  to  devise  new  means  of 
completing  his  works  in  such  a  manner,  as  to  possess  stability  and 
durability,  without  plunging  his  employers  into  unnecessary  ex- 
penses. 

Stone  has  been  generally  applied  as  the  best  material  for  bridges ; 
in  many  cases,  however,  it  cannot  be  used  throughout,  and  in  large 
arches,  where  the  heights  are  too  low  for  the  spans,  cast-iron  is 
frequently  adopted,  and  more  particularly  in  forming  trusses  of 
various  kinds,  when  the  under  side  as  well  as  the  upper  side  of  the 
platform  is  required  to  be  horizontal,  or  nearly  so,  as  in  the  case  of 
a  railway  and  turn])ike-road  crossing  each  other,  and  only  leaving 
space  enough  between  the  surface  of  each  to  allow  of  the  free  pas- 
sage of  carriages ;  but  the  cost  and  weight  of  these  bridges  is  gene- 
rally equal  to  that  of  stone.  A  wood  superstructure,  however, 
effects  much  in  this  respect;  provided  a  durable  mode  of  construc- 
tion is  adopted ;  for  the  cheapness  and  strength  of  the  material 
itself  being  so  great,  in  proportion  to  its  bulk  and  weight,  the  piers 
of  a  bridge  or  viaduct  can  be  considerably  lightened,  and  much  less 
material  be  used  in  their  formation  than  when  the  superstructure 
is  to  be  of  stone  or  iron. 

Almost  all  the  wooden  bridges  that  have  heretofore  been  exe- 
cuted in  this  country  are  constructed  with  straight  timbers,  trussed 
and  framed  like  the  ordinary  forms  of  roofing.  On  account  of  the 
shrinking,  from  tlie  number  of  joggles,  and  the  weight  of  the  work 
itself,  the  roadway  sinks,  and  the  framing  generally  becomes  bent 
or  crippled,  often  to  an  alarming  extent ;  besides,  such  a  system 
could  never  be  carried  beyond  a  certain  extent,  as  the  spans  of  such 
framing  must  be  limited  to  what  is  usually  practised  in  roofing. 

A  new  s)'stem  of  building  timber  bridges,  composed  of  layers  of 
deals  3  inches  in  thickness,  turned  over  a  centre,  into  the  form  of 
arched  ribs,  has  been  introduced  and  applied  extensively,  in  North- 
umtierlaud  and  Durham,  and  in  Scotland,  by  Messrs.  John  and 
Benjamin  Green,  of  Newcastle-upon-Tyne. 

This  mode  of  constructing  the  laminated  deal  arch  suggested 
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itself  to  Mr.  Green  in  1827-8,  when  he  was  engaged  in  designing  the 
bridge  for  crossing  the  river  Tyne,  at  Scotswood  :  ivliere  the  depth 
of  water,  its  rapidity  during  floods,  and  the  uncertainty  of  th« 
foundations,  would  have  rendered  the  construction  of  a  number  of 
piers,  in  the  current,  a  very  expensive  operation,  and  Mr.  Green 
was  therefore  induced  to  recommend  to  the  company  the  chain 
bridge  which  is  now  tlirown  across  the  Tyne  at  that  place,  as  being 
the  cheapest  durisble  structure,  and  possessing  advantages  over 
every  otlier  kind  in  such  a  situation. 

The  subject  of  wooden  arches  continued  to  engage  Jlr.  Green's 
attention,  and  for  his  own  satisfaction,  he  bad  a  model  made  of  an 
arch  120  feet  span,  at  a  scale  of  one-twelfth  of  tlie  real  size,  which 
so  satisfied  him  as  to  the  advantages  and  safety  of  that  mode  of 
construction,  that  in  1834,  when  the  Newcastle  and  Carlisle  Rail- 
way Company  oft'ered  a  premium  for  the  best  plan  of  a  railway 
bridge,  for  crossing  the  ri\er  Tyne,  above  Scotswood,  Mr.  Gre«n 
submitted  his  model  and  design  in  competition,  when  they  were 
approved  of  and  selected  by  the  directors,  and  obtained  tlie  pre- 
mium. 

This  bridge  was  to  consist  of  five  segmental  wood  arches,  each 
having  two  ribs  of  120  feet  span,  which  were  to  be  erected  upon 
timber  piers  of  piles  and  framings,  with  stone  abutments.  Tlie  line 
of  railway  could  not  allow  a  greater  elevation  tlian  21  feet  above 
high-water  level,  and  the  platform  was  in  consequence  suspended 
with  iron  rods  between  the  springing  of  the  wood  arch  and  the 
crown;  tlie  roadway  was  therefore  partly  suspended  from  and  partly 
supported  by  the  ribs. 

In  1833  Messrs.  Green  were  concerned  in  projecting  a  railway 
from  Newcastle  to  North  Shields  ;  and  afterwards  being  employed 
by  the  Comjiany  for  the  bridges  on  that  line,  where,  from  the  mag- 
nitude of  two  of  them  and  the  number  that  occur,  the  cost  was  a 
very  important  consideration,  they  were  induced  to  recommend 
this  plan  of  the  laminated  timber  arch.  Having  made  designs  and 
carefully  studied  the  details,  these  bridges  were  commenced  in 
1837  ;  one  at  the  Ouse  Burn  in  the  eastern  suburb  of  Newcastle, 
and  the  other  at  'Willington,  about  four  miles  further  on  the  rail- 
way. 

The  OusE  BrRN  Viadvct  is  918  feet  in  length,  and  108  feet  in 
height  from  the  bed  of  the  burn  ;  it  has  five  timber  arches  of  tlire« 
ribs  each;  three  of  the  arches  are  116  feet  span,  and  two  IH  feet 
span ;  there  are  two  stone  arches  of  -10  feet  span  at  botli  ends  of 
the  bridge,  which  were  introduced  to  give  length  to  the  abutments, 
so  as  to  prevent  the  mounds  endangering  them,  by  coming  too  close 
upon  the  steep  banks  of  the  ravine.  There  are  five  piers  built  of 
drafted  and  broached  ashlar  masonry,  from  the  foundations  to  the 
full  height,  with  spaces  in  the  middle,  leaving  an  average  thickness 
of  5  feet  of  ashlar  work  ;  all  the  spaces  are  filled  in  with  rubble 
masonry,  made  solid  by  grouting.  On  the  sides  of  each  pier  are 
buttresses  projecting  2  teet  11  inches,  and  diminishing  with  oft'-sets 
up  to  the  roadway. 

The  greatest  thickness  of  the  piers  at  the  springing  is  15  feet ; 
that  of  the  highest  pier  at  the  foundation  is  20  feet  3  inches,  and 
at  the  top,  immediately  underneath  the  platfoim,  it  is  6  feet  6  inches 
thick;  its  width,  including  the  buttresses,  is  33  feet  10  inches 
above  the  footings,  and  20  feet  across  the  last  or  highest  ofl^-set 
underneath  the  roadway. 

The  springing  for  the  arched  ribs  is  40  feet  down  the  piers, 
where  large  off-sets  are  formed  with  the  inner  splays  or  slopes, 
radiating  from  the  centre.  t)n  these  springing  stones,  cast-iron 
flanged  plates  or  sockets,  each  weighing  15  cwt.  for  each  rib,  are 
bedded  with  oakum,  into  spaces  which  are  cut  2  inches  deep  in  the 
masonry,  and  secured  w  itli  wrought-iron  bolts  run  with  lead,  fas- 
tened down  with  nuts  and  screws  on  the  outer  surface  ;  the  bolts 
are  U  inch  diameter,  and  1  foot  9  inches  long.  The  ends  of  the 
rilis  are  inserted  into  these  iron  sockets  as  a  springing  and  are  well 
caulked. 

The  two  middle  piers  are  built  upon  piles  driven  into  the  clay, 
to  an  average  depth  of  35  feet  below  the  surface,  and  the  founda- 
tions generally  required  great  attention,  for  it  was  found  that 
considerable  excavations  of  old  pit  workings  had  been  made  around 
and  immediately  under  the  line  of  the  bridge.  From  the  extreme 
eastern  pier,  a  coal  seam  had  been  worked  out,  extending  beyond 
the  east  abutment;  and  in  digging  for  the  west  pier,  a  pit  shaft  was 
discovered  in  the  centre  of  the  area  of  the  foundation.  It  was 
fortunate  that  it  was  not  so  near  as  to  endanger  the  stability  ot  the 
pier,  and  that  the  construction  had  not  proceeded  without  its  being 
observed.  This  shaft  had  been  worked  to  a  depth  of  70  feet,  and 
in  order  to  render  the  structure  secure,  both  it  and  the  seam  on 
the  other  side  of  the  ravine  were  built  up  with  weU  grouted  rubble 
masonry.     All  the  timber  used  in  the  carpentry  was  of  the  best 
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(luality  from  the  Baltic,  and  the  whole  of  it  was  subjected  to  the 
process  of  Kyaii's  patent. 

The  arched  ribs  are  shown  in  Plate  III.,  figs.  1  and  2;  and  in 
detail,  figs.  3  to  12.  The  spans  of  116  feet,  have  a  versed  sine  of 
33  feet,  the  radius  being  68  feet.  The  ribs  are  constructed  of 
Dantzic  deck  deals,  11  inches  wide  by  3  inches  thick,  dressed  and 
cut  to  lengths  of  from  20  feet  to  16  feet.  The  first  course  of  the 
rib  is  two  deals  in  width,  bent  over  the  centre,  and  tlie  next  is  one 
whole  and  two  half  deals,  and  so  on  alternately  until  the  whole  rib 
is  formed  ;  each  rib  consists  of  fourteen  deals  in  thickness,  exclu- 
sive of  tlie  weathering  or  capping  on  the  top  ;  tlie  ends  of  the  deals 
throughout  are  butted  against  each  other,  and  arranged  so  that  no 
two  of  the  radiating  joints  may  come  together.  A  layer  of  strong 
brown  paper  dipped  in  boiling  tar,  is  put  between  all  the  joints  to 
bed  them  and  to  exclude  the  wet.  The  whole  of  the  deals  are  well 
fixed  together  with  the  best  U  inch  oak  trenails  placed  »•  feet 
apart,  and  each  treiuiil  is  of  a  suificient  length  to  go  through  three 
thicknesses  or  the  deals.  The  ends  of  the  deals  are  all  inserted 
into  the  cast-iron  plates  already  described,  bedded  in  patent  felt 
and  tar,  and  well  caulked. 

Diagonal  side  braces  6i  inches  by  6,1  inches,  (shown  in  fig.  2, 
Plate  III.),  are  fixed  between  the  ribs  \vith  wrought-iron  bars  l^ 
inch  diameter,  at  intervals  of  aliout  29  feet  apart,  to  bind  and  con- 
nect the  whole  together.  From  the  ribs,  a  series  of  radiating  and 
horizontal  struts,  are  carried  up  in  the  manner  shown  in  the  en- 
gravings ;  the  ends  of  all  the  struts  are  doulile  tenoned  into  proper 
mortices  cut  to  receive  them,  in  the  timbers  and  ribs.  A  spandril 
beam  13,1  inches  square,  (figs.  3,  4,  8,  and  9,  Plate  III.,)  is  placed 
about  the  middle  of  the  spandril,  inclining  upwards  to  the  crown 
of  the  arch,  and  butting  against  a  horizontal  piece  of  the  same 
dimensions  at  the  top.  The  struts  below  this  beam  radiate  to  the 
centre,  and  those  above  are  perpendicular  to  the  roadway.  One  of 
the  radiating  struts  in  each  spandril,  called  in  the  drawings  the 
spandril  strut,  (figs.  5  and  6,  Plate  III.,)  is  continued  on  from  the 
rib  up  to  the  longitudinal  beams,  and  is  firmly  connected  by  iron 
straps  and  bolts  to  them  and  the  spandril  beams,  and  the  former 
are  then  secured  down  to  the  masonry  with  iron  bolts,  which  run  8 
feet  into  the  ashlar  work.  In  considering  this  geometrical  arrange- 
ment of  strutting  in  the  spandrils,  it  will  be  evident  how  much 
rigidity  is  produced  :  a  weight  coming  upon  one  haunch  of  the  arch 
is  resisted  on  the  opposite  haunch,  by  the  spandril  strutting,  and 
especially  by  the  main  strut,  ccmnected  as  it  is  with  the  weight  of 
masonry  laid  hold  of  by  the  bolts,  from  the  main  longitudinal 
beam. 

The  longitudinal  beams,  13^  inches  square,  are  fixed  and  laid  the 
full  length  of  the  structure,  to  the  gradient  of  the  railway,  above 
which  the  joists,  13i  inches  by  6f  inches,  are  laid  4.  feet  apart  from 
centre  to  centre,  and  spiked  down  upon  them.  The  ends  of  all 
the  joists  are  rounded,  and  project  about  2  feet  6  inches  over  the 
longitudinal  beams,  fig.  10,  and  the  whole  are  then  covered  with 
planking,  11  inches  by  3  inches,  laid  longitudinally,  and  properly 
spiked  down  and  caulked ;  this  platform  is  then  covered  with  a 
composition  of  boiling  tar  and  lime,  mixed  with  gravel  whilst  it  is 
being  laid  on  ;  thus  forming  a  coating  completely  impervious  to 
the  wet.  At  the  meeting  of  the  longitudinal  beam  and  the  crown 
piece,  an  iron  strap  is  bound  over  them  and  the  longitudinal  beam, 
and  it  is  then  run  through  the  rib,  and  screwed  up  underneath  it. 
Another  strap  is  put  round  the  rib  and  the  spandril  beam,  about 
12  feet  further  down  on  each  side,  and  another  at  each  of  the 
spandril  struts.  An  open  railing,  5  feet  high,  is  fixed  alongside 
each  side  of  the  bridge,  the  upright  standards  are  8  feet  apart, 
fixed  to  every  alternate  joist,  and  five  horizontal  rails,  halved  and 
spiked  to  them,  run  the  full  length. 

The  total  width  of  the  Ouse  Burn  Viaduct,  measuring  within  the 
railing,  is  26  feet,  from  which  a  footpath  is  taken,  5  feet  wide, 
separated  from  the  railway  by  a  line  of  railing  on  tlie  south  side, 
as  shown  in  fig.  2. 

In  constructing  both  the  masonry  and  timber  work  of  this  via- 
duct, the  scaffolding  and  the  centering  used  were  very  light  and 
simple.  For  the  former,  a  temporary  railway,  35  feet  high,  raised 
upon  upright  bearers,  struts,  &c.,  was  laid  the  full  length,  on  each 
side  of  the  intended  structure;  and  was  afterwards  raised,  as  the 
building  proceeded,  to  within  a  few  feet  of  the  height  of  the  finished 
platform.  On  this  railway  temporary  cranes  were  placed,  spanning 
from  one  rail  to  the  other,  connected  at  the  top  with  beams  of  tim- 
ber, and  fitted  up  with  proper  winches,  blocks,  chains,  &c.  &c.  ; 
these  cranes  were  generally  worked  by  four  men.  The  centering 
for  turning  the  ribs  and  building  all  the  timber  work  was  exceed- 
ingly light ;  it  was  composed  merely  of  three  ribs,  weighing  about 
18  cwt.  each,  or  2  tons  li  cwt.  fur  each  rib.     A  whole  centre  could 


be  removed  in  a  day  from  one  arch,  and  fixed  in  its  place  for 
another  arch,  by  about  twenty  men,  employing  the  travelling 
cranes. 

The  WiLLiNGTON  ViAnicT  is  precisely  the  same  in  construction 
and  design  as  that  at  the  Ouse  Burn  ;  but  diflfers  in  its  dimensions, 
and  although  it  is  not  so  high,  it  is  longer,  and  has  two  more  tim- 
ber arches  of  greater  span.  The  total  length  is  10  ju  feet,  and  the 
height  is  82  feet.  There  are  seven  timber  arches  and  six  stone 
piers,  with  two  stone  abutments;  five  of  the  arches  are  120  feet 
span  each,  and  two  115  feet  span  each  ;  the  width  between  the 
railing  on  each  side  is  21  feet,  being  just  sufficient  for  the  double 
line  of  railway,  as  there  is  no  footpath  upon  this  viaduct.  Two 
of  the  piers  are  built  upon  piles  36  feet  long,  at  a  depth  of  about 
50  feet  below  the  surface,  as  there  is  a  great  extent  of  alluvial  de- 
posit immediately  on  the  site,  which  is  frequently  covered,  during 
high  tides  or  floods,  by  the  river  Tyne  flowing  up  at  the  small 
burn. 

Both  these  viaducts  span  over  numerous  houses  and  manufac- 
tories. 

The  method  of  building  the  viaduct  at  Willington  was  somewhat 
difl'erent  from  that  adopted  at  the  Ouse  Burn,  and  perhaps  not  so 
unique  ;  inasmuch  as  there  were  no  travelling  cranes  or  temporary 
railway,  and  the  removal  of  the  centres  was  attended  witli  greater 
labour,  for  while  at  the  Ouse  Burn  the  removal  of  a  centre  occu- 
pied twenty  men,  with  the  cranes,  only  one  day,  the  same  work 
employed  twenty  men  for  ten  days  at  A\'illington.  The  masonry 
of  each  pier  was  set  with  a  fixed  or  jib  crane,  of  a  sufficient  height 
to  hoist  all  the  stones,  having  the  usual  counterbalance  at  the 
opposite  end  of  the  horizontal  beam. 

In  this  system  of  timber  bridge  building,  the  straight  trussing  in 
the  main  principle  of  support,  is  «lispensed  with,  for  the  spandril 
framing  should  not  be  looked  upon  as  partaking  of  that  character  ; 
it  is  merely  a  continuation  of  the  wood-work,  to  convey  the  weight 
coming  upon  the  roadway,  on  to  the  simple  curved  rib,  and  all 
timbers  in  a  state  of  tension  are  avoided,  for  when  a  weight  comes 
upon  the  roadway,  the  whole  of  the  structure  undergoes  compres- 
sion. 

It  is  not  meant  to  advocate  timber  bridges  on  this  or  any  prin- 
ciple in  preference  to  stone,  or  other  more  durable  material ;  but 
it  will  not  be  denied,  that  the  great  saving  of  capital  in  the  first 
instance  is  a  very  important  argument  in  favour  of  their  adop- 
tion. 

The  actual  cost  of  the  Ouse  Burn  Viaduct,  including  all  contin- 
gencies and  extras,  was: — for  the  masonry,  17,235/.;  for  the  car- 
pentry, 7,265/. ;  making  together,  24,500/. 

The  total  cost  of  the  Willington  Viaduct,  was : — masonry,  13,153/. ; 
carpentry,  10,349/. ;  together,  23,502/. 

The  piers,  Mr.  Green  observes,  are  stronger  than  necessary  for 
the  weight  of  the  superstructure,  for  the  directors  of  the  New- 
castle and  North  Shields  Railway  not  only  being  sceptical  as  to  the 
safety  of  this  novel  mode  of  construction,  but  having  a  desire  to 
finish  all  the  bridges  on  the  line  with  stone  arches,  wished  the  ma- 
sonry to  be  made  of  such  solidity  and  bulk  as  to  bear  stone  arches 
if  required,  and  the  piers  and  abutments  were,  therefore,  built 
accordingly.  The  additional  cost  for  building  stone  arches,  how- 
ever, <m  a  fair  calculation,  was  found  to  amount  to  9,000/.  for  the 
Ouse  Burn  Viaduct,  which  would  have  made  a  total  of  33,500/. 
The  centering  «  ould  luive  cost  at  least  3,000/.  for  each  viaduct,  so 
that  at  a  moderate  calculation  tlie  actual  saving  of  capital  is  up- 
wards of  10,000/. 

Messrs.  Green  have  just  completed  a  large  viaduct,  on  precisely 
the  same  principle  as  those  of  the  Ouse  Burn  and  Willington  Dean, 
for  his  grace  the  Duke  of  Buccleuch,  across  the  South  Esk  at  Dal- 
keith, in  connexion  with  the  Edinburgh  and  Dalkeith  Railway,  and 
for  the  transit  of  coal  from  the  collieries  of  his  grace  in  that  neigh- 
bourhood ;  it  has  only  a  single  line  of  railway  and  a  footpath.  The 
total  length  of  this  work  is  830  feet,  the  height  is  87  feet  to  the 
platform,  and  the  width  across  between  the  railing  is  14  feet.  It 
has  seven  arches,  five  of  120  feet,  and  two  of  110  feet  spiin  each, 
with  a  versed  sine  of  30  feet.  There  are  only  two  ribs,  8  feet  4 
inches  apart,  in  each  arch,  and  of  a  deal  and  a  half  (1  foot  4  inches) 
in  width,  and  ten  deals  (2  feet  7  inches)  in  depth.  Tlie  longitudi- 
nal beams  are  half  balks  of  timber,  13|  inches  by  6j  inches.  There 
are  two  stone  abutments,  each  40  feet  long,  and  five  stone  piers. 
The  largest  pier  is  91  feet  high  from  the  foundation,  which  is  5  feet 
below  the  surface.  All  the  piers  are  10  feet  thick  at  the  springing, 
12  feet  10  inches  wide,  and  5  feet  4  inches  thick  at  the  top,  under- 
neath the  roadway.  The  total  cost  was  : — masonry,  3,617/. ;  car- 
pentry, 3,358/. ;  together,  6,975/.,  which  is  a  very  small  amount  for 
a  work  of  such  magnitude. 
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The  great  height  and  length  of  this  bridge,  and  the  extreme 
lightness  of  its  construction,  render  it  an  imposing  object,  spanning 
a  beautiful  and  thickly  wooded  ravine  near  Dalkeith  Palace,  with 
the  river  Esk  streaming  through  it,  and  appearing  as  a  mere  line 
of  water  in  passing  under  the  centre  arch,  which  is  the  largest  and 
highest. 

The  system  of  arching  with  planks,  may  be  carried  to  almost  any 
extent,  and  in  Messrs.  Green's  design  for  the  proposed  bridge 
across  the  Tyne,  to  connect  the  towns  of  Newcastle  and  Gateshead, 
at  a  high  level,  the  largest  arch  over  the  middle  part  of  the  river 
was  intended  to  have  been  280  feet  span,  with  a  versed  sine  of  70 
feet,  the  total  length  of  the  bridge  as  designed  was  1,220  feet,  and 
the  height  1 10  feet. 


Fig.  1. 


The  annexed  wood  engravings  show  an  oblique  bridge  on  the 
Newcastle  and  North  Shields  Railway,  crossing  the  Shields  road, 
at  Walker.  The  angle  of  the  skew  is  25°,  and  the  span  is  71  feet. 
Fig.  1  is  an  external  elevation  of  one  of  the  ribs  and  the  piers,  and 
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Fig  2. 

iig.  2,  a  plan  of  the  joisting  and  piers.  The  joists  of  the  platform 
rest  upon  the  longitudinal  beams,  which  are  suspended  by  queen 
posts  and  iron  straps,  from  two  arched  ribs,  one  on  each  side  of 
the  railway,  and  stiifened  by  struts  and  braces.  The  ribs  are  formed 
of  de  lis  11  inches  by  3  inches,  dressed  one  deal  and  a  half  for  the 
width  of  the  rib,  and  nine  deals  in  depth,  as  shown  in  figs.  3  and  4. 


Fig.  3. 

Th«y  spring  from  cast-iron  sockets,  bolted  to  the  ends  of  the  longi- 
tudinal beams,  on  which  they  abut.  An  iron  strap  is  also  keyed 
over  eacli  foot  of  the  ribs,  for  additional  security.     The  width  for 


the  railway  on  the  bridge  is  21  feet  6  inches.  In  the  centre,  at  in- 
tervals of  about  7  feet,  the  platform  is  strengthened  by 
trusses,  which  are  marked  h  b,  fig.  2,  and  constriicted  in 
the  manner  sliown  in  fig.  4-,  with  wrought-iron  bars  keyed 
at  the  ends  of  the  l)eams,  and  coming  underneath,  hav- 
ing three  iron  bearers  in  the  full  length.  The  cost  of 
this  bridge  was  about  1,300/. 
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Fig.  4. 


The  DiNTiNo  Vale  Viaduct,  oj)  the  line  of  the  Sheffield  anrf  Man- 
chester Railuiiy.     By  Alfred  Stanistreet  Jee,  M.  Inst.  C.E 
(With  an  Engraving,  Plate  IK  J 

This  viaduct  consists  of  sixteen  arches,  five  of  which  are  of  tim- 
ber and  eleven  of  brick,  faced  with  stone  quoins.  The  whole  of 
the  large  piers,  wings,  outside  spandrils  and  parapets,  are  of  ashlar 
stone,  of  excellent  quality,  from  the  quarries  in  the  neighbour- 
hood. The  foundations  of  some  of  the  piers  are  laid  upon  the  hard 
shale,  and  of  others  upon  a  bed  of  wet  sand  of  considerable  depth  ; 
in  the  latter  cases  masses  of  concrete  were  formed  to  receive  the 
masonry.  Several  of  the  smaller  piers  are  founded  upon  the  marl  ; 
also  with  beds  of  concrete  beneath  them.  The  piers  for  the  large 
arches  are  built  solid,  up  to  the  surface  of  the  ground,  and  above 
that  le\el  they  are  hollow,  nearly  up  to  the  impost ;  the  hollow 
portion  having  an  inverted  arch  at  the  bottom,  and  being  also 
arched  over  at  the  top.  The  iiortion  above  the  impost  in  the 
large  piers  is  solid  to  the  top,  (see  fig.  3.)  The  smaller  piers  are 
cased  with  ashlar  on  the  outside,  and  are  filled  in  solid  with  good 
flat-bedded  rubble,  well  grouted,  and  with  through  stones  at  inter- 
vals of  6  feet  horizontally  in  each  course. 

The  smaller  semicircular  arches  of  brick,  at  each  end  of  the 
viaduct,  are  50  feet  in  the  span  and  3  feet  in  thickness, 
with  stone  quoins,  and  are  built  in  a  curve  ot  40  chains  radius'. 
The  face  of  each  ])ier  is  parallel  to  that  of  the  next,  the 
piers  themselves  being  wedge-shaped,  on  account  of  the  curve. 
The  abutments  between  the  large  and  the  small  arches  are  hollow 
and  are  arched  over  in  the  interior,  to  carry  the  roadway.  The 
abutments  and  wings  at  each  end  of  the  viaduct,  are  also 'hollow, 
being  com))Osed  of  longitudinal  and  cross  walls,  flagged  over  on 
the  top.  They  are  surrounded  on  the  outside  by  the  slope  of  the 
embankment,  the  material  of  which  being  clay,  is  kept  out  by  a 
wall  at  the  ends. 

The  five  large  arches  are  each  125  feet  span  and  25  feet  versed 
sine,  of  the  best  Memel  timber,  tlie  whole  of  which  has  been  im- 
mersed in  a  solution  of  the  sulphate  of  copper,  according  to  Dr. 
Margary's  patent,  for  the  prevention  of  decay.  There  are  four 
main  ribs  in  each  arch,  composed  of  planking  3  inches  thick,  laid 
longitudinally,  with  a  layer  of  brown  paper  and  tar  between  the 
planks,  which  are  fastened  together  with  oak  trenails  at  intervals 
of  4  feet.  These  ribs  are  4  feet  6  inches  deep,  and  18  inches  wide, 
and  are  firmly  stayed  by  diagonal  and  cross  braces,  screwed  up 
tight,  by  means  of  wrought-iron  rods,  2  inches  in  diameter,  passing 
through  and  secured  by  nuts  on  the  outside.  The  uprights  and 
diagonals  in  the  spandrils  are  also  stayed  by  iron  rods,  and  are 
morticed  into  the  longitudinal  beams  which  carry  the  cross  joist- 
ing. These  longitudinal  beams  are  fastened  down  upon  the  piers 
by  iron  bolts,  let  12  feet  into  the  solid  stonework,  to  resist  any 
tendency  of  the  arch  to  rise  in  the  haunches,  when  the  weight  of  a 
train  comes  upon  the  centre.  The  cross  joists  are  placed  5  feet 
apart,  from  centre  to  centre,  and  are  bolted  to  the  longitudinal 
beams  underneath.  Upon  them  is  placed  longitudinally  a  half  balk 
of  timber,  to  which  the  rails  and  chairs  are  fastened,  and  also  a 
guard  rail  to  prevent  tlie  carriages  getting  off  the  road.  The  whole 
is  covered  over  with  planking  3  inches  thick,  and  is  coated  with  a 
mixture  of  lime,  ashes,  and  sharp  sand,  which  has  set  hard  and 
does  not  crack. 

The  centering  used  for  turning  of  the  arches  is  of  iron,  of  light 
construction,  and  is  shown  in  fig.  1. 

The  total  length  of  the  viaduct  is  484  yards,  and  its  greatest 
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hcJRlit  fnim  tlie  brook-course  to  tlie  r:iiU,  is  al)oiit  12.5  feet.     Tlie 
roiidway   is   level   tluoufj:lioiit.      It   was  eoniineiiced  early  in  1843, 
and  Has  opened  for  traffic  on  the  Stli  of  Auirust,  lH4t.     Messrs. 
liuxton  and  Clarke,  of  Slieffield,  were  the  contractors,  and  great 
(H'edit  is  due  to  thcni  for  the  very  excellent  manner  in  which  they 
have  com))leted  the  work. 

The  area  of  the  section  of  the  valley  crossed,  between  the  level 
of  the  rails  and  the  ground,  is  l.S.oaS  square  yards,  which  gives  an 
average  cost  of  about  2/.  1  t.v.  ])er  superficial  yard,  and  as  the  viaduct 
is  8  yards  wide,  tlie  cost  per  cubic  yard  is  (iv.  !>(/. 

Tlie  following  is  a  detailed  account  of  the  cost  of  construction  of 
the  Dinting  Vale  Viaduct,  ou  the  line  of  the  Sheffield  and  Man- 
chester Railway. 

£      s.       d. 
7,881     cubic  yards,  excavating  foundations      Id.  229  17     3 

2,000  ,,         concrete  ..  ..      3s.  6i.  350     0     0 

342,155     cubic  feet  of  ashlar  in  the  abutments 

and  piers  ..  ..Is.   \d.     18,532     7  11 

44,024     cubic  feet  of  tooled  ashlar  ..      Is.  3rf.       2,76110     0 

829  „         cornice  ..  ..Is.  6d.  62     3     6 

8,212  „         parapet  walls  ..      Is.  Iff.  444   16     4 

6,875  „         flagging  over  spandrils  IQd.  286     9     2 

2,574     cubic   vards    of   coursed  rubble,  in 

the  small  piers  ..  ..         10s.        1,287     0     0 

Puddling  the  small  arches  ..  37  13     0 

2,641     cubic   yards   of   brickwork    in    the 

arches  ..  ..         15s.        1,980  15     0 

40,4 76 J  cubic  feet  of  Memel  timber  ..  3s.  6,071     9     6 

18,285     superficial  feet   of  planking  in  the 

roadway  ..  ..  8(i.  609  11     8 

Centering  ..  ..  ..  600     0     0 

Tans.  Cwt.  Qrs. 
32       4       1  wrought-iron  ..  ..         £21  676     5     3 

31        2       0  cast-iron  ..  ..  £8  252     0     0 

73,260     superficial  feet  of  brown  paper  and 

tar  ..  ..  ..  irf.  152     4     0 

2,031     superficial  yards  of  concrete  on  the 

roadway         ..  ..  .,      \s.  dd.  152     6     0 

Patent  felt  ..  ..  ..  3  15     0 

Laying  the  permanent  road  ..  ..  408     6     6 

Diverting  the  mill  goit  ..  ..  110  16     8 

Interest    and    maintenance    for    12 

months  ..  ..  ..  240  19     8 


Total  cost 


£35,250     6     5 


THE  RIVAL  PALACES, 

OB,    Blobe's    and    Vanvitelli's. 

By  Candidus. 

Neither  Mr.  Sliarp  himself  nor  any  one  else  will  be  at  all  sur- 
prised at  mij  taking  some  notice  of  the  oversight  imputed  by  him 
to  those  who  liave  spoken  of  Buckingham  Palace,  for  not  discover- 
ing that  it  is  "  only  a  reduced  copy  of  the  Palace  at  Caserta." 
Willing  as  I  am  to  accept  the  compliment  of  "  lynx-eyed,"  I  think 
that  in  this  instance  it  rather  belongs  to  him,  though  at  the  same 
time  I  fancy  his  .?A«J7)-siglitedness  lias  o\'ershot  the  mark,  and 
made  that  kind  of  discovery  which  is  called  finding  out  a  mare's 
nest.  ^Vhat  appears  to  Mr.  Sharp  to  be  sucli  jierfect  similarity  of 
design  between  tlie  two  buildings,  that  all  the  faults  or  merits  of 
Mr.  Blore's  fairly  belong  to  Vanvitelli,  completely  vanishes  upon  a 
critical  e.\amination  and  estimate  of  them,  nothing  remaining  but 
that  general  or  generic  resemblance  of  forms  and  features  which 
they  possess  in  common  with  many  other  buildings  in  the  same 
style.  Those  who  talk  merely  at  random  miglit  perhaps  liken 
Buckingham  Palace  to  that  at  Caserta,  for  much  stranger  resem- 
blances liave  been  fancied  ere  now, — one  traveller  having  likened 
the  palace  of  Charles  V.  in  the  Alhambra,  to  Jones's  \Vhitehall; 
and  another,  the  great  temple  at  Balbec  to  St.  Paul's,  Covent- 
garden  !  But  that  an  architect  should  he  more  struck  by  the 
resemblance,  such  as  it  is,  than  by  the  prodigious  difference  be- 
tween the  two  buildings  in  ((uestioii,  is  quite  astonishing. 

Let  us  incjuire  to  what  tlie  resemblance  amounts  : — to  nothing 
more  than  the  general  disposition  of  parts,  botli  vertically  and 
horizontally,  which  surely  is  not  sufficient  to  constitute  such  simi- 
larity of  design  or  character  as  to  justify  our  calling  the  one  a 
c(i})y  at  all,  much  less  "only"  a  reduced  copy  of  the  other.  If  it 
doejj,  we  should  be  warranted  in  setting  down  all  the  porticoes  ever 
erected  as  only  so  man/  verbatim  transcripts  of  one  original ;  or 


we  might  call — as  perliaps  Mr.  Sharp  does — the  two  terraces  at 
Carlton-gardeiis  a  copy  of  the  (iarde-meuble  in  the  Place  de  la 
Concorde.  In  fact,  it  requires  Fluellen's  ingenuity  in  arguing  to 
convict  Mr.  Blore  of  being,  I  will  not  say  Vanvitelli's  ape,  but  his 
Dromio.  "  There  is  a  river  in  Macedon,"  says  the  Welshman, 
"and  there  is  also  moreover  a  river  at  Monmouth  ; — and  there  is 
salmons  in  both."  Even  were  Mr.  Blore's  elevation  a  mere  re- 
duced draught  of  the  other,  as  far  as  what  actual  resemblance 
there  is  between  them  extends,  as  a  copy  it  could  be  received  only 
as  an  exceedingly  maimed  and  imperfect  one,  some  of  the  most 
striking  parts  of  the  original  being  altogether  omitted.  One  ex- 
ceedingly important  accompaniment  to  the  edifice  at  Caserta,  and 
which  gives  it  an  air  of  completeness  and  consistently-kept-up 
stateliness  in  regard  to  emplacement,  greatly  surpassing  that  of  any 
other  royal  palace  in  Europe,  is  the  spacious  oval  piazza  in  front 
of  it  on  its  south  side,  where  it  forms  an  expanding  amphitheatri- 
cal  area,  somewhat  after  the  manner  of  the  piazza  before  St. 
Peter's  at  Rome.  Many  other  royal  residences,  on  the  contrary, 
are  so  disadvantageously  located,  as  to  have  an  air  of  meanness 
ubout  them  in  spite  of  their  own  grandeur. 

One  point,  then,  of  the  resemblance  contended  for  is  utterly 
wanting,  since  i\Ir.  Blore's  building  has  no  architectural  precinct 
or  projierly  defined  enclosure  before  it,  but  is  made  to  stand  imme- 
diately in  the  Park,  and  moreo\er  stands  out  ^ery  awkwardly  and 
abruptly  from  Nash's  building  behind,  from  which  it  appears  quite 
distinct,  except  that  it  is  tacked  to  it ;  so  that  instead  of  making 
the  entire  mass  look  larger  than  before,  it  causes  it  to  have  a  singu- 
larly confused  and  huddled-up  appearance.  Even  taking  the  mere 
elevation  of  the  front  alone,  there  is  a  ])rodigious  difference  as  to 
outline,  the  angles  of  the  building  at  Caserta  being  carried  up 
much  loftier  than  the  general  mass,  by  the  addition  of  a  second 
order,  comprisingtwo  stories,  and  making  the  entire  height  there  not 
less  than  one  hundred  and  ninety  English  feet.  My  calculation  is 
from  the  scale  given  in  the  large  work  containing  plans,  &c.,  of 
the  palace,  entitled  "  Dichiarazone  dei  Disegni  del  Reale  Palazzo 
di  Caserta,  &c.,"  and  which,  strange  to  say,  is  not  mentioned  by 
either  Milizia  or  Quatremere  de  Quincy.  In  the  "  Conversations- 
Lexicon  fiir  Bildende  Kunst,"  which  professes  to  give  account  of 
individual  buildings  of  note,  tlie  Palace  of  Caserta  obtains  only 
three  lines  ! — one  of  which  is  to  tell  us  that  there  is  a  picture  by 
Mengs  in  tlie  chapel. — With  regard  to  Mr.  Sharp's  statement  as 
to  the  length,  there  seems  to  be  some  miscalculation  or  else  mis- 
print, since  918  palms  (taking  the  palm  at  10^  inches)  give  only 
790  feet. 

Now  that  so  much  fault  has  been  found  with  his  building,  and  no 
merit  whatever  discerned  in  it,  ]Mr.  Blore  may  possibly  be  disposed 
to  acquiesce  in  the  charge  of  ])lagiarism  brought  against  him,  in 
order  to  transfer  all  blame  from  himself  to  Vanvitelli.  If  he  has 
copied  or  borrowed,  he  has  at  least,  it  may  be  said,  gone  to  a  noble 
model — one  which  is  especially  singled  out  by  Air.  Gwilt,  in  his 
"  EncyclopcPdia  of  Architecture,"  as  the  most  complete  example  of 
a  royal  palace.  So  far,  however,  from  reconciling  us  to  Mr. 
Blore's  work,  by  what  may  be  thouglit  to  afford  sufficient  precedent 
for  one  or  two  olijectionable  points,  Caserta — any  comparison  with 
or  even  mention  of  it— is  likely  to  put  us  more  out  of  conceit  with 
it  than  ever.  By  diminishing  the  scale  so  very  greatl)',  iSIr.  Blore 
has  exaggerated  the  defects  and  entirely  missed  all  the  merits  of 
his  supposed  original,  transmuting  grandiosity  into  insignificance 
and  triviality.  In  the  mere  design  of  Caserta,  there  is  little  to 
excite  particular  admiration  :  it  is  one  of  those  things  of  which  a 
"reduced  copy,"  however  accurate,  can  no  more  convey  the  actual 
impression  it  makes  than  a  life-sized  copy  of  it  can  that  of  an 
enormous  colossal  figure. 

Caserta  is  especially  distinguished  by  a  union  of  qualities  that 
rarely  meet  together  in  other  edifices  of  the  same  class — namely, 
emphatic  vastness  of  mass  and  uniformity  of  design  throughout. 
Its  mass  is  such,  that  were  the  several  ranges  of  building  which 
compose  its  exterior,  together  with  those  that  separate  tlie  inner 
courts,  placed  beside  each  other  on  a  single  line,  similar  to  the  plan 
of  the  Tuilleries,  they  would  form  a  facade  full  three  times  the 
length  of  that  of  the  last-mentioned  palace,  or  considerably  more 
than  three  thousand  feet  in  extent.  AVliat  enhances  astonishment, 
although  it  adds  nothing  to  the  merit  of  the  structure,  is  the  ex- 
traordinary energy  with  which  the  works  were  carried  on,  the 
whole  of  the  vast  pile  being  conqileted  in  about  half-a-dozen  years; 
whereas  many  others,  of  far  less  magnitude,  have  either  grown  up 
piecemeal,  or  have  occupied  a  long  series  of  years ;  so  as  not  to 
have  been  begun  and  terminated  by  the  same  architect. 

From  the  nay  in  which  iMr.  Sharp  has  expressed  himself,  it 
seems  to  be  bis  opinion  that— the  similarity  of  design  which  he 
insists  upon  being  admitted, — Blore's  fojade  BO  fairly  represents 


181S."] 


THE  CIVIL  ENGINEER  AND  ARCHITECrS  JOURNAL. 


37 


Vanvitelli's  (i.  e.  one  of  them),  as  to  exhibit  all  its  merits,  not- 
witlistanding  tliat  it  exliihits  qualities  precisely  the  reverse.      Yet, 
surely  littleness  and  magnitude  are  ^■ery  different  in  effect ;  or 
shall  we  say,  that  if  he  be   similarly  shaped   and   proportioned,  a 
dwarf  can  gi\-e  us  a  very  satisfactory  idea  of  a  giant  ?     Those  who 
hold  such   doctrine,  ought  to  show  their  consistency  by  taking  a 
sixpence  as  a  very  satisfactory  representative  of,  and  equivalent 
to,  a  shilling.      Hardly  can  I   bring  myself  to  believe  that  Mr. 
Blore  had  any  idea  of  palming  upon  us  a  Tom  Thumb  Caserta, 
because,  leaving  plagiarism  out  of  the  question — and  in  architec- 
ture plagiarism  has  ceased  to  be  any  demerit  or  disgrace — he  must 
ha\-e  been  perfectly  aware  that  he  must  fall  so  greatl)'  short  of 
Vanvitelli's   standard,   that  likeness   in  other  respects  would,  if 
detected,  only  produce  ridicule.      No,  what  kind  of  likeness  there 
is  between  the  two  designs  is  merely  a  coincidence,  and  for  j\lr. 
Blore  rather  an   unfortunate  one.      Had  it  been  intentional  and 
"with  malice  prepense," — had   Mr.  Blore   really  fancied  that  he 
could  reproduce  Caserta,  he  would  no  doubt  have   avowed   the 
imitation,  have  made  it  a  merit,  and  have  crushed  criticism  in  the 
bud,  by  proclaiming  that  he  was  about  to  give  Buckingham  Palace 
a  facade  "  after"  that  of  the  noblest  royal  residence  in  Europe.* — 
In  such  cases,  be  it  observed,  the  after  generally  means  a  long  way 
behind  the  prototype ;  and  the  following  comparison  of  the  respec- 
tive measurements  of  some  of  the  parts  of  the  two  buildings  will 
show  that  Vanvitelli's  afforded  no  precedent  for  the  mesquinerie  of 
Mr.  Blore's. 

Caserta. 

ft. 

Basement  or  ground  floor,  mezzanine,  47 

Gateways  through  ditto         ...  ...      16 

Principal  floor  windows        6 

Columns  49 

Buckiiii/ham  Palace. 

Basement      ...         ..      26 

Gateways:  centre  one,  ...         ...     13 

lesserones,  10 

Principal  floor  windows        ...         ...       4 

Pilasters  34 

After  all,  had  its  elevation  been  ever  so  much  better,  Jlr.  Blore's 
building  would  still  have  been  open  to  some  of  the  strongest  ob- 
jections brought  against  it  now,  viz.,  that  it  seems  to  encroach 
upon  the  Park  in  such  a  very  awkward  manner,  as  to  appear  a  more 
lumpish  mass  than  it  otherwise  might  do,  and  that  blocking  uj)  all 
tlie  rest  of  that  side  of  the  Palace,  so  far  from  improving  the  main 
edifice,  it  has  frustrated  that  opportunity  for  improvement  which 
])reviously  existed,  and  which,  since  alteration  to  such  extent  was 
determined  upon,  ought  to  have  been  made  the  most  of.  As  a 
range  of  building  the  new  facade  is  scarcely  more  effective  than  the 
neighbouring  barracks  in  the  Birdcage  Walk,  to  which  it  may  in 
fact  be  likened  quite  as  correctly  as  to  Caserta ;  nor  would  that 
comparison  be,  though  less  flattering,  quite  so  injurious  as  the 
other,  inasmuch  as  it  must  then  be  admitted  that,  instead  of  there 
being  any  falling  off,  the  model  had  been  refined  upon. 

One  defect  in  regard  to  jiosition,  now  rendered  very  prominent 
by  the  building  being  brought  so  much  forwarder  into  the  Park,  is 
that  the  Palace  is  not  in  the  axis  of  the  Park  itself,  but  only  of 
the  Mall ;  whereas,  were  Mr.  Blore's  structure  planted  at  the  other 
extremity  of  the  enclosure,  on  the  site  of  the  Horse  Guards,  it 
would  there  show  infinitely  better  in  e^'ery  respect,  and,  with  some 
slight  corrections,  might  pass  for  a  handsome  piece  of  architecture. 
As  it  is,  it  is  altogether  out  of  place,  out  of  character,  and  the  re- 
verse of  satisfactory  in  effect  ;  nor  can  I  agree  with  Mr.  Sharp  tliat 
were  Mr.  Blore  "  to  give  the  Palace  a  staircase  resembling  that  at 
Caserta,  the  world  would  forgive  him  all  the  faults  of  his  front ;" 
because  while  those  faults  would  be  just  as  evident  as  ever,  the 
public  would  have  no  opportunity  of  admiring  the  staircase.  Be- 
sides which,  it  would  require  the  architect  to  be  the  Bottle-Conjuror 
to  get  such  a  staircase  into  Buckingham  Palace  ;  and  even  could  it 
be  effected,  it  would  reduce  all  the  rest  of  the  interior  to  utter  in- 
significance.— One  other  remark,  and  I  have  done  :  for  what  will 
perhaps  be  considered  lengthiness  and  loquacity  I  have  no  pre- 
cedent in  what  Mr.  Sharp's  companion,  M''oods,  says  in  his  "Letters" 
of  Caserta,  for  he  dismisses  it  with  little  more  than  a  bare  mention 
of  it, — with  a  degree  of  chilling  indifference  that  does  not  say  m\ich 
for  him  either  as  an  architect  or  a  critic. 

*  Une  plus  [grande  conception  de  palais 


In. 

4  high 

6  wide  ; 

ft.   In. 

36  2  high 

0  wide ; 
0  high 

14  0  high 

0  high 
6  wide; 

21  Ohigh 

0  wide ; 

18  0  high 

6  wide ; 

11  Ohigh 

0  high 

*  Quatremere  de  Quincy  says  of  Caserta: 
a'  existe  point  ea  Europe." 


ON  THE  LAP  AND  LEAD  OF  THE  SLIDE  VALVE. 

f  Concluded  from  page  17. J 

The  Lead  and  Lap. 

Having  separately  investigated  the  two  cases  of  a  slide  having 
Lead  without  Lap,  and  Lap  without  Lead,  we  now  profeed  to  con- 
sider the  eft'ect  of  botli  in  combiuation,  together  with  that  of  lap 
on  the  exhaustion  side. 

Demonstrafmi. 
Case  4. — When  a  Slide  has  Lap  ox  both  the  Steam  and 

ExHAUSTIO.N    sides,    TOGETHER    WITH    LeAD. 

Let  a  I),  and  a  c,  diagram  5,  represent  the  double  lap  on  the  steam 
side;  af  and  «y,  the  same  on  the  exhaustion  side;  6f,  andtrf. 

Diagram  5. 


the  steam  ports;  and  the  line  ed  both  the  travel  of  the  slide  and 
stroke  of  the  piston.  Tlien,  supposing  c /t  to  represent  the  lead 
of  the  slide,  ai  will  be  the  position  of  "the  eccentric  when  that  of 
the  crank  is  a  e;  the  slide  occupying  the  position  shown  iu  fig.  10, 
and  the  piston  being  at  the  top  of  its  downward  stroke. 


Fig.  10.  Fig.  11.  Fig. 

When  the  eccentric  reaches  the  point  k,  the  port  cd  will  be  fully 
closed  (as  shown  in  fig.  11),  and  the  piston  will  have  descended  to 
/,  the  arc  e  m  being  equal  to  the  arc  i  /.-.  Again, — when  the  ecxren- 
tric  arrives  at  n,  the  .slide  being  then  brought  into  the  position 
fig.  12,  exhaustion  commences  from  above  the  piston,  which  has 
descended  to  o ;  the  arc  e  to  p  being  equal  to  the  arc  i  U  n.     >>  hen 
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I  Febrvarv, 


-To  find  the  point  of  the  stroke  at  which  steam  will  he  cut 


the  eccentric  arrives  at  7,  the  port  t  e  begins  to  open  for  tlic  ad- 
mission of  steam  beneatli  tlie  piston  (see  fig.  13),  which  has  then 
descended  to  r  ;  the  arc  c  m  .v  heinff  equal  to  the  arc  )' /r  7.  ^^'hen 
tlie  eccentric  lias  readied  tlie  ]i<niit  t",  opjiosite  to  !,  the  port  !>  e 
will  be  open  to  the  extent  of  the  lead  A  A',  equal  to  c  A,  and  the 
piston  will  have  completed  its  descent. 

Steam  continues  to  enter  the  port  be  during  the  ascent  of  the 
piston,  until  the  eccentric  reaches  the  point  A',  when  the  port  h  e 
will  be  reclosed  (fig.  13),  the  direction  of  the  slide's  motion  being 
downward,  and  the  piston  ha\ing  ascended  to  /'.  Exhaustion 
ceases  from  above  the  piston  when  the  eccentric  reaches  the  point 
t,  the  piston  being  then  at  «,  and  the  slide  again  in  the  position 
fig.  12.  AVhen  the  eccentric  reaches  the  point  71',  ojiposite  to  », 
exhaustion  commences  below  the  ])iston,  the  slide  being  tlien  in 
the  position  fig.  11,  and  the  piston  at  0'.  Finally, — wlien  the  ec- 
centric reaches  the  point  f/',  and  the  crank  the  point  .v',  opposite  to 
*,  steam  begins  to  enter  the  port  erf  for  the  return  stroke,  at  the 
commencement  of  which  tlie  ]iort  cd  will  be  open  to  the  extent  of 
the  lead  c  A  ;  the  crank  and  eccentric  occupying  their  original  po- 
sitions, ae  and  a  i. 

It  is  here  shown  that  four  distinct  circumstances  result  from  the 
use  of  a  slide  having  lap  on  both  sides  of  the  port,  with  lead, 
during  a  single  stroke  of  the  piston.     These  are — 

I<'irst :  The  cutting  off  the  steam,  for  the  purpose  of  exjiansion. 

Second:  The  cessation  of  exhaustion  on  the  exhaustion  side. 

Third:  The  commencement  of  exhaustion  on  the  steam  side. 

Fourth  :  The  re-admission  of  steam  for  the  return  stroke. 

AVith  regard  to  the  first  of  these  results,  we  found  the  steam 
port  frf  closed,  when  the  crank  and  eccentric  had  described  the 
equal  arcs  em,  and  idk.  Now,  erf,  the  steam  port,  is  the  versed 
sine  of  rf/c;  and  A  rf,  the  steam  port  minus  the  lead^  is  the  versed 
sine  of  i  rf.     Hence, 

Rule  V.- 
off:- 

Divide  the  width  of  the  steam  port,  and  also  that  width  minus 
the  lead,  by  half  the  slide's  travel,  and  call  the  quotients  versed 
sines.  ¥\nA  tlieir  corresponding  arcs,  and  call  them  arc  the  first, 
and  arc  the  second,  respectively.  Then,  if  the  sum  of  those  arcs 
be  less  than  90  degrees,  multiply  the  versed  sine  of  their  sum  by 
half  the  stroke,  in  inches,  and  the  product  will  be  the  distance  of 
the  piston  from  the  commencement  of  its  stroke,  when  the  steam  is 
cut  off. 

If  the  sum  of  arcs  the  first  and  second  exceed  90  degrees,  sub- 
tract it  from  180  degrees;  and  the  versed  sine  of  the  difference, 
multiplied  by  half  the  stroke,  equals  the  distance  of  the  jiiston 
from  the  end  of  its  stroke,  when  the  steam  is  cut  off. 

Example  8. — The  stroke  of  a  piston  is  60  inches ;  the  width  of 
steam  port  3  inches ;  lap  on  the  steam  side  2|  inches  ;  lap  on  the 
exhaust  side  ^th  inch  ;  and  lead  ij  inch  :  required  the  point  of  the 
stroke  at  which  steam  will  be  cut  off. 
3 
Here  =  -SUi  =  versed  sine  of  62"  58'  (arc  the  first)  ; 

3-5 

and  =;  -4545  =  versed  sine  of  56°  57'  (arc  the  second). 

Then  G2°58' -1- 56°  57'=  119°  55';  and  180°  -  119°55' =  60°5'  = 
arc  of  versed  sine,  -5012.  -5012  x  30=  15-036  inches  =  distance 
of  the  piston  from  the  end  of  its  stroke  when  the  steam  is  cut  off. 

Exhaustion  was  shown  to  cease,  during  the  ascent  of  the  piston, 
when  the  eccentric  had  reached  the  point  /,  and  the  crank  the 
point  ,r;  the  crank  having  described  the  arc  dkx,  equal  to  i'e< 
described  by  the  eccentric. 

Now  i'  e  is  equal  to  arc  the  second  (Rule  V.)  ;  and  e  t  is  equal  to 
90  degrees  minus  tt,  or  the  arc  of  versed  sine  ef;  and  e/is  half 
the  slide's  travel  minus  the  lap  on  the  exhaust  side.     Hence, 

To  find  the  point  of  the  stroke  at  which  exhaustion  ceases  : — 

Divide  half  the  slide's  travel,  minus  the  exhaustion  lap,  by  half 
the  travel,  call  the  quotient  versed  sine,  and  add  its  corresponding 
arc,  calling  it  arc  the  third,  to  arc  the  second.  The  versed  sine  of 
the  difference  between  their  sum  and  180  degrees,  multiplied  by 
half  the  stroke,  equals  the  distance  of  the  piston  from  the  end  of 
its  stroke  when  exhaustion  ceases. 

Example  9. — The  several  proportions  being  as  in  the  preceding 

example. 

Here  3  -}-  2-5  =  5-5  =  half  the  slide's  travel ; 

J  5-5  -  -125  „  „      ,      , 

and  — —  =  -9772  =  versed  sine  of  arc  88°  42'=  (arc 

the  third). 


Then  88°  42'  +  56°  57'  (arc  the  second)  =  145°  39' ;  and  180°  - 
145°  39'  =  34°  21'  =  arc  of  versed  sine,  -1743.  -1743  X  30  =  5-229 
inches  =  the  distance  of  the  piston  fiom  the  end  of  its  stroke 
when  exhaustion  ceases. 

Exhaustion  was  shown  to  commence  from  above  the  piston  when 
the  crank  and  eccentric  had  described  the  equal  arcs  eA' 7;,  and 
i  dn. 

Now  i  rf  n  is  equal  to  180  degrees  minus  n  j' ;  n  i'  is  equal  to  n'  i ; 
and  n'rf  is  ecjual  to  arc  the  third.     Hence, 

To  find  the  distance  of  the  piston  from  the  end  of  its  stroke  when 
exhaustion  commences  : — 

Subtract  arc  the  second  from  arc  the  third,  and  multiplv  the 
versed  sine  of  their  difference  by  half  the  stroke.  The  product 
will  be  the  distance  required. 

Example  10. —  The  proportions  being  as  in  the  two  preceding 
examples. 

Here  88°  42'  -  56°  57' =  31°  45' =  arc  of  versed  sine,  -1496; 
and  -1496  X  30  =  4-488  inches,  the  distance  required. 

Steam  was  found  to  be  re-admitted,  for  the  return  stroke,  when 
the  piston  had  reached  the  point  r  in  its  descent,  the  crank  and 
eccentric  having  described  the  equal  arcs  ek' «,  and  i  dq. 

Now,  irf^  is  equal  to  180  degrees  minus  9  T  ;  f  being  diametri- 
cally opposed  to  i.  And  q  f  is  equal  to  i  q',  the  difference  between 
arcs  the  first  and  second.     Hence, 

To  find  the  distance  of  the  piston  from  the  end  of  its  stroke  when 
steam  is  re-admitted  for  the  return  stroke : — 

Multiply  the  versed  sine  of  the  difference  between  arcs  the  first 
and  second  by  half  the  stroke,  and  the  product  will  be  the  distance 
required. 

Example  11. — The  proportions  being  as  before. 

Here  62°  58'  -  56°  57'  =  6°  1'  =  arc  of  versed  sine  -0055. 
Then  -0055  x  30  =  "165  inches  =  the  distance  required. 

RiTLE  VI. — To  find  the  proportions  of  the  steam  lap  and  lead  ;  the 
points  of  the  stroke  ivhere  steam  is  cut  off^  and  re-admitted  for  the 
return  stroke,  lieiny  known : — 

When  the  steam  is  cut  off  before  half-stroke,  divide  the  portion 
of  the  stroke  performed  by  the  piston,  by  half  the  stroke,  and  call 
the  quotient  versed  sine.  Likewise,  divide  the  distance  of  the 
piston  from  the  end  of  its  stroke  when  steam  is  re-admitted  for 
the  return  stroke,  by  half  the  stroke,  and  call  that  quotient  versed 
sine.  Find  tlieir  respective  arcs,  and  also  the  versed  sines  of  half 
their  sum  and  half  their  difference.  The  width  of  the  steam  port 
in  inches,  divided  by  the  versed  sine  of  half  their  sum,  equals  half 
the  travel  of  the  slide  ;  and  half  the  travel,  minus  the  width  of 
port,  equals  the  lap.  The  difference  of  the  two  versed  sines  last 
found,  multiplied  by  half  the  travel  of  the  slide,  equals  the  lead. 

When  the  steam  is  to  be  cut  off  after  half-stroke,  divide  the 
distance  of  the  piston  from  the  end  of  its  stroke  by  half  the  stroke  ; 
call  the  quotient  \ersed  sine,  and  subtract  its  corresponding  arc 
from  180  degrees.  Divide  the  distance  the  piston  has  to  move 
when  the  steam  is  admitted  for  the  return  stroke,  by  half  the 
stroke  ;  call  the  quotient  versed  sine,  and  find  its  corresponding 
arc.  Then  proceed  with  the  two  arcs  thus  found,  as  in  the  former 
case. 

Example  12. — The  stroke  of  a  piston  is  60  inches  ;  the  width  of 
steam  port  3  inches;  distance  of  the  piston  from  the  end  of  its 
stroke  when  steam  is  cut  oft'  15-036  inches;  and  when  steam  is 
admitted  for  the  return  stroke  -165  inches  :  required  the  lap  and 
lead. 

Here  15-036  -^  30  =  -5012  =  versed  sine  of  arc  60°  5' ; 

and  ]  80°  —  60°  5'  =  1 1 9"  55'. 

Then  -165  -^  30  =  -0055  =  versed  sine  of  6°  1'. 

119°55'-f  6-' 1'  =  125° 56';  119"55' -  6°  1' =  113°54'. 

125°  56' 

—  ^:  62^  58'  ^  arc  of  versed  sine  -5454  ; 

—       -  :=  56°  57'  =:  arc  of  versed  sine  -4545. 

3  -7-  -5454  =  5-5  inches  ^  half  the  slide's  travel ; 

and  5-5  —  3  =  2-5  =  lap. 

-5454  -  -4545  =  -0909 ;  and  -0909  X  ^'^  =  "5  inches  =  lead. 

To  find  the  Lap  and  Lead  by  Construction. 

The  stroke  of  the  piston;  width  of  steam  port;  and  distances 
of  the  piston  from  the  end  of  its  stroke  when  the  steam  is  cut  off, 
and  when  it  is  re-admitted  for  the  return  stroke,  being  known  ; 
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Let  the  circle  (diagram  6)  represent  the  crank's  orbit, 
diameter  ab  the  stroke  of  the  piston,  to  some  known  scale. 


and  its 
Make 


Diagram   6. 


oc  equal  to  the  part  of  the  stroke  performed  before  the  steam  is 
out  off;  and  bd  equal  to  the  distance  of  the  piston  from  the  end  of 
its  stroke  when  steam  is  re-admittpd  for  the  return  stroke.  Draw 
d e  and  cf  at  right  angles  to  a  fc,  and  mark  the  point  g  at  the  dis- 
tance/>  e  from ./".  Bisect  the  arc  o  7,  and  from  the  point  of  bisec- 
tion, A,  draw  the  diameter  li  i,  JMake  I  k  ei|ual  to  be  ;  draw  i  m  and 
k  I  at  right  angles  to  a  fc  ;  and  draw  ;'/ and  i  4  indefinitely.  From 
the  point  m,  set  off  m  n  equal  to  the  width  of  steam  port,  full  size  ; 
from  n  draw  n  0  parallel  to  i  m,  and  meeting  i  h  ,  and  also  op  pa- 
rallel to  a  6,  and  meeting /i  ? :  then  will  sp  equal  the  lap,  and  sr 
the  lead. 

In  all  the  foregoing  cases,  we  have  taken  the  versed  sine  of  the 
arc  described  by  the  crank,  from  either  extremity  of  the  stroke,  as 
the  portion  of  the  stroke  performed  by  the  piston  ;  but,  as  has 
been  already  observed,  the  relative  positions  of  the  piston  and 
crank  depend  upon  the  length  of  the  connecting-rod,  which  will 
be  seen  by  reference  to  diagram  7,  where  A  B  represents  the  stroke 
of  the  piston,  C  D  the  connecting-rod,  and  D  O  the  crank       Now, 

Diagram  7. 


by  supposing  a  rf  to  be  the  arc  described  by  the  crank  when  the 
piston  has  performed  one-fourth  of  its  stroke,  and  from  the  length 
of  that  arc,  calculating  tlie  amount  of  lap  required  to  cut  off  the 
steam  at  that  part  of  the  stroke,  we  appear  to  be  in  error — for, 
from  the  oblique  action  of  the  connecting-rod,  the  piston  would 
have  descended  only  to  the  point  c.  But  the  engine  being  double- 
acting,  we  have  to  take  into  consideration  the  position  of  the  crank 
when  the  piston  has  performed  one-fourth  of  its  stroke  in  the 
opposite  direction  from  the  point  B  :  and  here  we  find,  that  by 
supposing  the  crank  to  have  described  the  arc  be  (equal  to  arf), 
instead  of  the  true  arc  b  E,  we  cause  the  steam  to  be  cut  off  when 
the  piston  has  reached  the  point  f;  and  the  distance  By'  being 
precisely  as  much  more  than  B  F  as  A  c  is  less  than  AC,  tlie  seem- 
ing error  is  self-corrective. 


A  Table  of  Multipliers  to  find  the  Lap  and  Lead,  when  the  Steam  in 

to  be  cut  off  at  ^  to  \ths  of  the  Stroke. 

The   Lap   must  lie  equal  to  the  width  of  the  steam  port  multiplied  by  Col.  1. 

The  Lead  must  be  equal  to  the  width  of  the  steam  port  multiplied  by  Col.  2. 


Hair-stroke. 

Five-E 
of   the 

ghlhs 
Stroke. 

Three- F 
of   the 

Durlhs 
Strolte. 

Seven-Eiyhri\a 
ot  the  Strdlie. 

1 

^ 

1 

2 

1          -z 

1 

2 

Lap 
2-41 

Lead 
-000 

Lap 
1  58 

Lead 
000 

Lap 
1-000 

Lead 
•000 

Lap 

540 

Lead 

•oou 

2  £5-  •OOOOO 

216 

■145 

1-41 

•124 

•893 

•105 

•477 

•089 

•zlt  •00'208 

206 

•198 

1-35 

•170 

•851 

•146 

•450 

•123 

-=;u -00416 

1-94 

•268 

1-27 

•231 

•795 

-200 

•413 

•170 

-•51    00833 

1-84 

■318 

1-21 

•276 

•754 

■240 

•385 

•204 

ass  ^01250 

1-77 

•358 

116 

•312 

-723 

-271 

•363 

■232 

b'Zx  -01666 

1-71 

•391 

1-12 

•342 

•691 

•299 

•344 

■257 

*=£  -02083 

1-65 

■420 

1-08 

•368 

•668 

•322 

•327 

■277 

=  £  I  -02500 

1-60 

•444 

105 

•391 

•644 

•343 

•313 

■296 

11=  •02916 

1-56 

■467 

102 

•412 

•623 

-362 

•298 

•313 

"^Sl    03333 

1-48 

■,505 

•968 

•449 

■586 

•396 

•273 

•343 

%i%  -04166 

1-41 

•540 

•921 

•480 

•554 

•425 

•251 

•370 

-S-  -05000 

1-35 

•570 

•881 

•508 

-526 

•451 

•232 

•393 

^2=  ■05833 

1-30 

•595 

•844 

•532 

-500 

-473 

•215 

•414 

g  =  :L  -06666 

1-25 

•617 

■810 

•554 

•4  76 

•495 

•198 

•434 

-.£,=  ^07500 

1-21 

•638 

•779 

•5  72 

•454 

•514 

•183 

•452 

^'^  ^08333 

117 

•657 

•751 

•592 

•434 

•532 

•160 

•468 

Sll  -09166 
'^is  -10000 

113 

1 

•674 

•724 

•607 

-415 

•548 

•156 

•483 

Example  of  its  application. — Stroke  36  inches ;  width  of  port  2 

inches  ;  steam  to  be  cut  off  at  half-stroke  ;  distance  of  the  piston 

from  the  end  of  its  stroke  when  steam  is  re-admitted  for  the 

return  stroke,  1-5  inches. 

1^5 

—   =    0833.     Find  that  number,  or  the  one  nearest  to  it,  in 
18 

the  right-hand  or  last  column,  and  take  out  the  multipliers  on  tlie 

same  line  under  the  head  Half-stroke. 

Then  2  x  1-21  =  2^+2  inches  =  the  lap. 

And     2  X  -638  =  1-276  inches  =  the  lead. 

R.  B.  C. 


HEALTH  OF  TOWNS  COMMISSION. 

We  may  seem  to  be  rather  late  in  noticing  the  first  report  of 
the  Metropolitan  Sanitary  Commissioners,  but  the  first  nimiber  of 
our  new  volume  was  so  filled  with  other  matter,  that  we  were  unable 
to  do  more  than  to  call  attention  to  the  unfair  way  in  which  the 
profession  has  been  treated  by  the  commissioners  and  the  govern- 
ment. Since  then  we  are  sorry  to  find  that  the  design  of  employ- 
ing military  engineers  in  making  the  survey  of  London  is  persisted 
in,  and  that  at  a  time  when  numbers  of  experienced  and  well 
qualified  surveyors  in  the  metropolis  are  without  employment. 

The  first  part  of  the  Report  is  devoted  to  a  consideration  of  the 
means  necessary  to  resist  the  cholera.  After  a  careful  investiga- 
tion, they  come  to  the  conclusion,  which  appears  to  us  to  be  well 
founded,  that  cholera  is  not  contagious,  and  that  the  great  means 
of  lessening  its  ravages  are  to  be  found  in  improved  sanitary 
arrangements,  particularly  in  connexion  with  the  sewage. 

To  improve  the  sewage  is  their  first  step,  and  they  have  recom- 
mended and  obtained  the  revocation  of  the  old  commissions  of 
sewers.  This  is  a  measure  to  which  we  have  already  given  our 
strongest  advocacy,  but  we  do  not  think  that  the  commissioners 
have  gone  far  enough.  The  Regent-street  and  Regent's-park  dis- 
trict remains  a  narrow  slip,  running  up  from  the  Thames  across 
the  drainage  of  the  Westminster  and  Holborn  districts,  and  having 
a  grand  and  deep  sewer  of  nearly  the  capacity  of  the  Fleet,  whicn 
being  employed  as  an  outfall,  would  as  we  have  before  pointed  out 
be  immediately  available  in  improving  the  drainage  of  a  very  large 
district.  It  is  true  that  this  is  under  the  virtual  jurisdiction  of 
the  Commissioners  ot  Woods  and  Forests,  but  the  commission 
ought  to  be  at  once  revoked,  and  the  jurisdiction  transferred  to 
the  new  metropolitan  commissioners.  The  maintenance  of  this 
commission  by  the  government  is  a  reason  which  will  be  used  for 
the  maintenance  of  the  City  of  London  Commission,  which  is  like- 
wise left  untouched,  because,  as  the  commissioners  say,  they  have 
not  had  time  to  look  into  the  case,  but  because,  as  we  presume,  Mr. 
Lambert  Jones  prevented  it,  and  because  the  commissioners  did 
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not  choose  to  pet  themselves  involved  in  a  contest  with  the  cor- 
poration of  London. 

The  City  t'ommission  of  Sewers  has  certainly  been  amon;;  the 
best  managed,  and  this,  perha])s,  for  the  reason  that  they  have 
jdHays  had  a  reffular  corps  of  officers;  but  still  there  is  no  i-eas<jn 
why  the  city  should  not  derive  tlie  benefit  of  an  amalf^amation  with 
the  rest  of  the  metropolis.  Let  the  cor](oration  choose  a  commis- 
sioner, and  they  will  jret  a  share  of  the  influence,  control,  and 
]iatr(inaj?e,  as  well  as  of  the  economy  attendant  on  tlie  new  com- 
mission. If  they  do  not  accede  at  once  they  w  ill  not  be  aide  to 
secure  tlie  few  dinners  which  they  receive,  while  they  w ill  lose  the 
power  and  patronanfe.  At  present  tlie  street  sewers  i)f  the  city  are 
imperfect  and  unflushed,  the  ffratiiisrs  and  jfully-holes  untrap- 
ped,  the  courts  and  alleys  undraineil,  the  footways  and  foot- 
])avemeuts  not  cleansed,  the  house  drains  and  cesspools  in  a  dan- 
gerous condition,  wliile  the  sewers  convey  miasma  into  most  of  the 
liouses.  The  statistics  of  the  city  in  the  latter  respect  are  most 
unfavourable,  and  show  a.  fearful  influence  on  the  public  health. 

The  commissioners  have  pven  such  evidence  as  to  the  necessity 
of  consolidating:  the  districts,  that  on  the  streng^th  of  that  evidence 
we  call  iipon  them  to  complete  their  measure  of  amalgamation. 
They  say — 

"Taking  the  works  of  cleansing  as  they  now  are,  the  preventive 
measure  to  whicli  those  works  may  be  immediately  ajiplied  with 
the  greatest  advantage  is  that  of  flushing.  But  to  the  general  and 
effectual  application  of  this  most  important  operation,  tlie  state 
and  separation  of  the  several  districts  under  the  district  commis- 
sions, presents  itself  as  an  insuperable  obstacle  ;  and,  in  fact,  the 
operation  of  cleaning  out  the  sewers  by  flushing  them  witli  water 
is  in  systematic  use  in  only  one  of  the  upper  districts,  the  Ilolborn 
iind  Finsbury  district. 

"  One  district  may  flush  its  sewers,  but  the  operation  will  be  at 
many  points  only  a  removal  of  a  portion  at  least  of  tlie  refuse  into 
the  sewers  of  the  adjacent  districts,  unless  the  operation  be  con- 
tinued tlirough  the  intermediate  districts  to  the  outfall.  The  lower 
districts  complain  of  being  encumbered  by  the  flushing  operations 
in  the  upper  districts. 

"  In  the  lower  districts,  which  are  flat,  there  are  generally  accu- 
mulations of  refuse,  and  if  in  an  upper  district,  which  is  under  a 
separate  jurisdiction,  a  part  of  tlie  line  of  sewer  is  flushed  to  keep 
it  free  from  deposit,  the  effect  upon  tlie  lower  district  in  which  the 
flush  exhausts  itself,  is  to  disengage  more  copiously  the  offensive 
emanations,  for  a  time,  by  disturbing  and  adding  to  the  deposit 
there,  without  removing  it.  Wliilst  the  sewers  of  one  district  are 
left  unflushed,  or  uncleansed,  the  emanations  are  driven  by  the 
wind  into  other  districts,  particularly  from  the  deposits  at  the 
moutli  of  se«  ers  in  the  lower  to  an  upper  district.  ^V^hen  the 
sewers  in  the  Holborn  and  Finsbury  division  have  been  clean 
fluslied,  it  is  stated  tliat  tlie  inhabitants  of  that  district,  even  up 
to  the  New  River  Head,  have  been  annoyed  by  the  currents  of 
offen.sive  gases  up  the  sewers  from  the  accumulations  in  the  lower 
districts,  where  the  same  cleansing  operations  have  not  been  car- 
ried on.  For  obxious  reasons,  additional  supplies  of  water  would 
require  to  be  provided  in  the  upper  districts,  and  regulated,  for 
application  througliout  the  whole  lines  to  the  outfalls,  without 
staying  for  separate  and  intermediate  co-operation." 

One  great  evil  of  the  present  system,  and  a  cause  of  fearful  ex- 
pense, is  the  disproportion  between  the  area  of  the  sewage  sent 
through  sewers  and  the  area  of  the  sewers  themselves. 

"  Works  to  effect  town  drainage  must  be  constructed  for  the  re- 
moval of  surplus  or  waste  water  from  two  sources;  the  natural 
rain-fall  on  the  town  area,  together  with  water  from  the  springs 
ilerived  from  sources  beyond  the  area  which  may  often  require 
sepai-ate  arrangements  ;  and  tlie  jiipe-water,  brought  into  the  town, 
and  any  refuse  matter  wliich  it  may  have  received  in  suspension  or 
chemical  combination.  Setting  aside  for  the  jiresent  the  consider- 
ation of  the  house  drainage,  and  taking  in  the  first  instance,  the 
secondary  sewers,  we  give  the  following  cross  section,  fig.  I,  of  a 
sewer  draining  two  or  three  streets  comprehending  between  one 
and  two  hundred  houses.  The  depths  of  the  ordinary  run  of  sevfer- 
water  when  there  is  no  rain,  is  only  about  tliree  inches,  and  the 
depth  of  the  increased  run  of  water  on  tlie  occasions  of  the  greatest 
storms,  just  covered  tlie  invert. 

"  The  cross  section,  fig.  2,  is  a  section  of  a  main  line  of  sewer  in 
the  Westminster  district,  draining  about  90  acres  of  town  area. 
The  ordinary  run  of  sewer-water  does  not  cover  the  invert,  and 
on  the  occasion  of  the  greatest  thunder  storm  of  which  tliere  i.s 
.-:ny  liistorical  record  in  tlie  metropolis,  namely,  that  on  the  1st  of 
August,  ItHti,  the  flow  of  water  was  only  2  ft.  3  in.  deep. 

'-In  general  tlie  flow  of  water  in  the  collateral  sewers  of  branch 
lines  of  street,  even  where  all  the  liouses  drain  into  them,  are  mere 


dribbles,  and  rarely  rise  above  the  invert  of  the  wide  bottomed 
severs  as  at  present  constructed,  even  in  streets  where  all  the 
luMises  drain  into  tli«  sewers.  The  following  are  tlie  coiise(|uences 
which  take  place  in  various  degrees  in  nearly  all  the  collateral 
sewers  of  every  form  of  construction,  though  the  best  is  the  egg- 
shape  form. 

'■  Tlie  flow  of  water,  being  impeded,  by  the  extent  to  wliich  it  is 
spread,  is  retarded,  and  a  deposit  is  created  ;  this  deposit  becomes 
indurated  to  a  degree  which  prevents  its  being  remo\  ed  by  the 
flow  of  water  occurring  in  ordinary  rainfalls,  and  is  not  often  con- 
siderably affected  by  any  otlier  than  the  extraordinary  storms 
which  occur  in  intervals  of  several  years. 

"The  accumulations  continue,  and  during  the  process,  the  de- 
posit from  the  house  drains  spreads  on  the  sides,  and  decomposition 
ensues. 

"  The  accumulations  in  the  sewers,  as  well  as  in  the  large  house 
drains  wliich  communicate  with  them,  are  exposed  to  the  action  of 
much  air,  usually  at  such  a  temperature  as  greatly  to  facilitate 
decomposition. 

"  The  accumulations  increase  until  the  house  drains  are  entirely 
stopped  up,  when  the  deposit  in  the  sewers  is  usually  removed  by 
the  offensive  process  of  hand  labour  and  cartage,  leaving  the  de- 
posit in  the  house  drains  untouched." 

It  is  well  observed  that  very  small  currents  suffice  to  keep  sewerg 
clear  of  deposit,  if  the  inclination  be  good,  and  the  flow  be  concen- 
trated and  kept  regular,  for  which  it  is  considered  tliat  additions 
of  small  quantities  of  water  would  be  suflicient  at  particular  inter- 
vals and  seasons.  The  commissioners  therefore  recommend  the 
use  as  far  as  possible  of  glazed  earthenware  tubes.  These  were 
long  since  tried  by  Mr.  Roe  in  the  Holborn  and  Finsbury  di^•ision, 
and  afterwards  by  Mr.  Phillips  in  the  ^^^estminster  division,  and 
found  to  discharge  the  water  more  quickly  and  to  keep  clear  of 
deposit.  They  also  prevent  the  passage  of  rats  from  the  sewers 
into  houses,  because  they  afford  no  hold,  and  do  not,  like  the  com- 
mon brick  drains,  allow  them  to  make  burrows. 

Mr.  Roe  and  Mr.  Phillips  also  made  observations  on  the  flow  of 
water  from  the  main  and  side  sewers  and  drains,  which  the  former 
began  so  long  as  five  years  ago. 

In  Mr.  Roe's  experiments  he  ascertained  the  rate  of  flow  of  water, 
through  the  common  brick  drains  for  houses,  as  well  as  through 
earthenware  drains  of  the  same  capacity,  and  with  the  same  run  of 
water.  As  a  general  result  it  may  be  stated  that  the  rates  of  dis- 
charge through  earthenware  pipes  are  ^'ery  much  increased,  some- 
times as  much  as  one-third.  In  the  application  of  water  for  flush- 
ing, this  is  an  important  consideration,  as  by  the  use  of  the  im- 
proved drains,  a  great  saving  of  water  will  lie  effected. 

The  house  drains  receive  the  water  from  small  Ig-inch  lead 
pipes  from  the  kitchen  sinks,  and  yet  they  are  often  made  as  much 
as  60  times  the  capacity  of  the  pipes  in  the  smaller  houses.  In 
these,  square  brick  drains  are  put  in,  costing  from  6rf.  to  llrf.  per 
foot  run,  exclusive  of  digging,  while  in  the  larger  houses  brick 
bari'el  drains  of  9  or  12  inches  diameter  are  put  in,  costing  I*,  id. 
or  1.?.  7rf.  per  foot  run.  As  the  bottom  joints  are  put  in  without 
mortar  or  cement,  the  sewer  water  percolates  through  the  drain, 
and  infiltrates  into  the  houses,  while  the  solid  matter,  unwashed 
by  any  stream  of  water,  festers  at  the  bottom,  and  acts  as  a  retort 
for  supplying  nauseous  gases  to  the  houses.  It  is  true  that  the 
object  in  leaving  the  bottom  of  the  sewers  "  dry,"  or  without  mor- 
tar, is  to  let  in  the  land  drainage,  but  the  effect  is  what  we  have 
stated,  while  it  is  rare  to  find  a  house  drain  free  from  deposit. 
The  rats,  too,  by  burrowing  in  the  drains,  put  them  out  of  order,  so 
as  to  require  their  more  frequent  repair,  and  the  whole  working  of 
the  drains  is  as  unfavourable  as  can  be  conceived,  and  as  far  as 
possible  from  the  designs  of  the  builders.  A  common  house  drain 
cannot  be  considered  otherwise  than  as  a  nuisance. 

A  twelve-inch  drain  is  an  expensi\e  nuisance,  w bile  an  earthen- 
ware pipe  of  four  inches  diameter  (or,  proportional  to  the  house, 
of  from  tliree  to  six  inches  diameter,)  keeps  perfectly  clear,  and  a 
three-incli  pipe  is  found  quite  large  enough  to  carry  away  the 
refuse  from  middle-sized  houses.  In  consequence  of  the  adoption 
of  this  improvement,  the  cost  of  drains  from  houses  to  sewers  in 
the  Westminster  division,  wliich  used  to  be  from  i^lO  to  £25, 
has  been  brought  down  to  a  charge  of  from  £2  ISs.  to  £i  10s.,  and 
even  this  is  considered  too  high. 

Nothing  shows  the  error  of  the  old  system  more  strongly  than  a 
case  given  by  Mr.  Phillips  of  drains  in  Langley-court,  Long-acre. 
An  old  small  sewer,  18  in.  wide  by  2  ft.  high,  having  a  good  fall, 
was  nearly  dean,  while  a  new  sewer,  5  ft.  6  in.  liigh  by  3  ft.  wide, 
contained  an  average  depth  of  three  feet  of  soil,  and  the  emana- 
tions from  it  caused  the  death  of  a  poor  man,  and  led  to  an  in- 
quest. 
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We  tliink  Mr.  Pliillips  fully  justifiefl  in  stating  [p.  30],  that  the 
sewers  are  bad  in  construction,  but  the  house  drains  are  worse. 
He  states  that  in  going  along  the  sewers,  he  has  often  tried 
whether  the  currents  of  air  were  flowing  into  the  sewers,  or  out  of 
them  into  the  houses.  By  placing  the  light  which  he  had  in  his 
hand  by  the  side  of  the  house  drains,  he  almost  invariably  found 
tlie  flame  carried  into  the  mouths  of  the  drains — showing  that 
tliere  nnist  have  been  direct  currents  from  the  sewers  through  the 
house  drains  into  the  houses.  Many  of  the  gully  drains  showed 
an  outward  current  into  the  streets,  though  some  have  a  downward 
draught. 


Fig.  1. 


Fig.  2. 


Mr.  Phillips  gives  his  support  to  the  statement  that  some  neigh- 
bourhoods are  at  times  afflicted  with  more  noxious  effluvia  from 
the  sewers,  than  if  there  were  no  sewers  whatever.  He  thinks  the 
great  remedies  are  to  keep  a  constant  supply  of  water  in  the 
sewers,  and  to  circulate  it  through  them  ;  and  to  carry  all  the 
outlets  under  the  side  beds  of  the  river,  to  discharge  into  the  main 
stream  under  low-water  level.  J\Ir.  Phillips  has  found  that  the 
atmosphere  of  districts  near  the  outlets  of  the  sewers  is  liable  to 
be  affected  with  effluvia,  when  the  wind  happens  to  blow  up  tlie 
sewers.  By  carrying  the  outlets  into  the  stream,  he  expects,  more- 
over, to  get  rid  of  the  filthy  mud-banks,  and  the  myriads  of  worms 
sweltering  upon  them. 

The  Report  notices  the  extended  use  of  the  egg-shaped  sewer  in 
the  Holborn  and  Finsbury  and  Westminster  divisions,  but  remarks 
that  the  new  sewers  constructed  are  generallv  of  the  same  internal 
capacity  as  the  old  forms,  and  therefore  disproportioned  to  the 
extent  of  the  drainage.  A  further  great  saving  will  conseiiuently 
be  made  in  the  new  operations  by  reducing  the  size  of  the  sewers. 
The  commissioners  observe,  with  justice,  that  the  mere  view  of  the 
ordinary  run  of  sewer  water  in  the  sewers,  or  of  the  run  of  water 
on  the  occasion  of  heavy  storms,  might  have  led  to  some  amend- 
ment in  the  construction  of  sewers  without  any  gaging,  had  a  view 
been  taken  of  the  flow  in  the  lateral,  as  well  as  in  the  main  lines 
of  sewer  ;  but  the  sizes  of  all  classes  of  sewers  have  been  main- 
tained on  the  view  of  the  main  lines  alone.  Mr.  Hertslet,  the  clerk 
to  the  AVestminster  commission,  well  observes  that  he  has  been 
perfectly  at  a  loss  to  conceive,  in  traversing  the  sewers,  why  such 
immense  sewers  should  be  built  to  carry  off  such  mere  threads  of 
drainage.  He  has  seen  sewers  5  ft.  6  in.  high  by  3  feet  wide,  built 
where,  even  during  heavy  rain,  a  3  or  4-inch  JJipe  would  have  car- 
ried off  all  the  water. 

Mr.  Phillips  makes  some  curious  remarks  with  reference  to  the 
size  of  current  which  would  suffice  to  keep  an  ordinary  sewer 
clean.  In  passing  through  the  branch  sewers,  he  has  noticed  that 
the  currents  of  water  are  mere  dribbles,  and  being  spread  over  a 
flat  surface  are  not  strong  enough  to  remove  the  soil.  Looking  at 
the  currents,  and  comparing  them  with  the  extraordinary  sizes  of 
the  sewers,  it  was  easy  to  decide  that  the  currents  might  be  passed 
through  pipes  of  from  3  to  9  inches  diameter.  Indeed,  in  a  large 
number  of  the  sewers,  the  currents  have  cut  narrow  and  deep 
channels  for  themselves,  leaving  the  bulk  of  the  deposit  untouched, 
but  showing,  as  Mr.  Phillips  says,  that  nature  was  trying  to  remedy 
the  faults  of  art.  Sometimes  it  is  necessary  to  cut  such  channels 
through  the  deposit,  to  allow  of  the  flow  of  water.  Acting  upon 
this  view,  j\Ir.  Pliillips  proposes  to  improve  the  flat-bottomed 
sewers,  Ijy  bedding  cliannel  tiles  along  their  bottoms,  and  filling 
them  in  behind  with  concrete.  In  the  middle  he  would  place  a 
channel  tile  of  say  1  foot  diameter,  having  other  flat  tiles  sloping 
down  to  it  on  each  side.  By  this  means,  the  currents  would  be 
concentrated  on  smaller  sized  channels,  kept  regularly  in  action, 
and  therefore  clean. 


Mr.  Roe  proposes  to  reduce  the  expense  of  sewage  for  one  side 
of  a  sewer  for  a  house  of  17  feet  frontage,  which  lately  with 
upright-sided  sewers  was  £9  ll.«.  3f/.,  and  no%v  is  with  egg-shapt<l 
sewers  £6  Os.  &d., — this  he  pro])Oses  to  reduce  to  ,£2  19*'.  Grf.  for 
first-class  houses,  and  i'l  14«.  for  sixth-class  houses.  In  these 
latter  charges  is  included  the  su]iply  of  water.  The  bottom  por- 
tions of  the  larger  sewers  Mr.  Roe  proposes  should  be  of  well- 
prepared  clay,  moulded  in  blocks  tivo  feet  long,  and  well  burnt  ; 
the  upper  portions  to  be  formed  of  radiated  bricks,  laid  in  blue 
lias  mortar.  The  smaller  sewers  are  to  be  likewise  egg-shaped, 
but  to  be  made  entirely  of  brown  stone-ware  glazed.  Mr.  Roe's 
first-class  largest  sewer  is  3  ft.  9  in.  by  2  ft.  3  in.,  with  an  area  of 
6-6  feet,  and  costing  7s.  per  foot  run ;  bis  seventh-class,  or  smallest 
sewer,  is  15  in.  by  9  in.,  with  an  area  of  9  inches,  and  costing  3*. 
per  foot  run. 

The  greater  part  of  the  duties  of  the  officers,  Mr.  Roe  states,  is 
taken  up  by  attending  to  complaints  of  the  stoppage  of  drains  and 
sewers,  and  in  superintending  the  removal  of  the  soil ;  when,  with 
a  proper  system  of  sewerage  and  house  drainage,  nearly  the  whole 
of  the  duties  in  that  respect  may  cease.  We  agree  with  him  that 
it  is  far  better  that  a  staff'  of  officers  should  be  constantly  engagetl 
in  making  examinations,  in  order  to  pre^'ent  filth  from  depositing 
and  accumulating,  than  in  waiting  for  it  to  collect  and  annoy  the 
public  with  its  noxious  emanations,  perhaps  for  weeks  and  months 
before  complaint  is  made  and  steps  are  taken  to  remove  the  evil. 

We  think  a  great  deal  may  be  done  by  Mr.  Guthrie's  plan,  men- 
tioned in  the  Health  of  Towns  Magazine.  In  this  he  proposes  to 
separate  the  house  drainage  from  the  surface  drainage.  The  house 
drainage  being  conveyed  in  tubes,  as  stated  by  Mr.  Roe,  would, 
under  the  pressure  of  water,  be  carried  to  tlie  outfall,  without 
gully  holes  or  other  communications  with  the  external  atmosphere. 
The  surface  drainage  in  the  secondary  streets  could  be  conveyed 
by  the  kennels,  and  in  the  main  streets  be  received  by  the  large 
sewers. 

The  commissioners  come  to  no  decision,  at  present,  as  to  the 
use  of  chimney  shafts,  with  currents  of  air  created  by  heat,  for 
ventilating  the  sewers  and  carrying  off  the  noxious  emanations, 
though  they  express  their  appro\al  of  the  principle. 

In  conclusion,  we  must  again  urge  upon  the  commissioners  the 
necessity  of  coming  to  some  immediate  decision  respecting  the  use 
by  the  public  of  all  sewers  which  have  been  built  at  the  expense  of 
the  commissions,  and  at  once  abandon  the  extoi'tionate  demand  of 
lOs.  per  foot  run  on  the  frontage  of  a  house,  which,  if  it  happen  to 
be  a  corner  house,  may  amount  to  the  sum  of  £20,  besides  £i  more 
for  making  the  drain,  for  a  fourth-rate  building  that  cost  only 
£200.  Every  facility  and  encouragement  ought  to  be  gi\en  to  the 
owners  of  house  property  to  make  drains  into  the  public  sewers, 
and  so  to  abandon  the  pest  of  cesspools. 


CANDIDUS'S     NOTE-BOOK 
FASCICULUS  LXXVIII 


*'  I  must  have  liberty 
Withal,  as  Urge  a  charter  as  the  winds. 
To  blow  on  whom  I  please." 


I.  Some  have  acquired  a  reputation  for  having  a  style  of  their 
own,  merely  because  they  have  repeated  the  very  same  ideas  over 
and  over  again,  on  occasions  the  most  dissimilar ;  and,  so  far  from 
improving  upon  them,  that  their  latest  applications  have  been  less 
appropriate  and  judicious  than  their  earlier  ones.  Such  decided 
mannerism  ought  rather  to  be  taken  not  so  much  for  consistency 
of  style  as  for  sterility  and  inactivity  of  mind.  He  who  at  all  de- 
serves the  name  of  artist — and  architects  claim  it  by  courtesy,  at 
least — is  always  enlarging  the  stock  of  his  ideas,  and  is  always 
studying,  throughout  the  whole  of  his  career.  Without  copying 
others  he  profits  by  what  they  have  done,  both  by  shunning  the 
faults  they  have  committed,  and  into  which  he  himself  might  have 
fallen  but  for  such  evidence  of  them,  and  by  borrowing  from  them 
hints  and  motifs, — after  a  very  different  manner,  be  it  observed, 
from  the  mere  plagiarist.  There  is  no  merit  in  not  availing  our- 
selves of  ideas  thrown  out  by  others,  more  especially  if  it  has  been 
done  so  very  imperfectly  and  at  random,  that  very  much  more  than 
was  at  first  thought  of  remains  to  be  made  of  them.  "He,  says 
Reynolds,    "  who  resolves  to  ransack  no  mind  but  his  own,  will 
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soon  be  reduced,  from  mere  barrenness,  to  the  necessity  of  cnpyiiiif 
Iiimself." — Unviiriod  iiiiifurniity  of  ideas  is  not  so  much  a  sijifn  of 
consistency  as  of  limiteil  pnwer  of  conce|ition  and  exi)i"i>ssioii,  and, 
moreover,  occasions  not  only  wearisume  reju'titiioihiit  iru-i>nsisteiicy 
likewise,  the  same  mode  of  treatment  lieiajr  rcsorU'd  to  upon  occa- 
sions and  for  su1)jects  totally  dissimilar  fmm  each  ntlier. 

II.  "How  many  of  us  country  architects,"  says  Mr.  Sharp,  "are 
forced  to  talce  the  coun>cI  of  (uir  excellent  friend,  I'ercier,  and  in 
despair  of  e.xecutint;-  larffe  works,  to  hestow  greater  care  upon  le.-.ser 
ones.''"  Well  was  it  that  the  remark  was  put  interrogatively  in- 
stead of  affirmatively,  for  in  the  latter  case  it  ouifhtto  have  been,  not 
"  How  many."  hut ''  How  few."  Were  Percier's  escellent  adiice  to 
he  followed  by  country  architects — and  for  the  m;itter  of  that,  by 
town  ones  also, — did  they  invariably  strive  to  make  the  utmost  of 
the  occasion  offered  them,  however  inconsideralile  it  may  be  in  it- 
self, there  would  he  far  less  of  slovenly  or  else  downright  trumpery 
design  than  there  unfortunately  now  is.  Tlie  "makings  the  most" 
of  the  occasion  nuist  not  he  misinterj)reted  :  it  is  not  to  lie  under- 
stood as  recommending-  or  consisting  in  amhitiiuis  aim  and  |ireien- 
tiousness  of  design,  and  in  niimickinglarger  tilings,  as  is  frequently 
very  absurdly  done  now,  but  on  the  contrary,  iu  attem|)ting  no 
more  than  can  l)e  thoroughly  accomplished,  aiul  sn  well  accom- 
plished that  for  intrinsic  merit  of  design  and  ca])tivating  effect  the 
work  mav  not  only  vie  with.  l)ut  surpass  many  others  of  greater  note  in 
ordinary  estimation — chiefly,  perhaps,  because  their  size  alone  ren- 
ders them  conspicuous  and  imposing  olijects.  Were  this  to  be  duly 
considered  and  acted  upon,  we  should  have  less  of  vulgar  architec- 
tural swaggering,  and  far  more  of  real  study  of  design,  tlian  we 
find  now.  It  is  precisely  because  there  is  so  little  of  the  latter, 
and  because  architects  do  not  know  how  to  impart  to  small  or  com- 
paratively small  buildings  such  character  as  shall  be  both  striking 
and  appropriate,  that  we  have  so  much  random  copying,  and  inju- 
dicious imitation,  which  serves  only  to  remind  us  of  merits  lielong- 
ing  to  the  original  that  are  altogether  missing  in  the  copy. — There 
is  much  more  room  for  fearing  and  also  for  saying  that,  taken  in 
general,  our  smaller  provincial  buildings  show,  if  not  ignorance  of 
design,  very  great  negligence  of  it — sometimes  to  a  degree  almost 
incredible,  if  we  may  believe  what  profess  to  be  ])ortraits  of  them. 
Tlie  Masonic  Hall  at  Cowes,  and  the  new  Ipswich  JMuseum,  are  so 
far  from  bearing  out  what  Mr.  Sharp  says,  as  ratlier  to  prove  that 
architectural  taste  must  be  at  the  very  lowest  ebb  in  those  places, 
if  not  in  any  other  parts  of  the  country.  Such  doings  in  the  provinces 
are,  it  must  be  confessed,  kept  in  countenance  by  similar  Peck- 
sniffian  achievements  here  in  town,  one  of  the  most  egregious 
of  them  being  the  College  of  Agricultural  Chemistry  in  Oxford- 
street,  which,  small  as  it  is,  is  any  thing  but  an  architectural  minia- 
ture, for  it  has  neither  the  delicacy  nor  refinement  of  one,  but  is 
no  better  than  a  vulgar  and  coarse  architectural  daub.  Exceptions 
there  are ;  and  for  one  of  them,  we  may  ])oint  to  the  elegant  screen 
fa  ade  of  Dover  House;  or,  to  take  a  quite  recent  one,  there  is 
jMr.  Hodgkinson's  newly-erected  house  in  Park-lane,  whicli  affords 
striking  evidence  of  what  may  be  done  within  a  very  limited  space 
— -how  much  beauty  of  composition  and  elegance  of  detail  may  be 
displayed  in  a  narrow  frontage. 

III.  Music  has,  j)erhaps,  been  far  more  fortunate  than  Architec- 
ture, having  escaped  from  the  surveillance  ami  trammels  of  archaeo- 
logical pedantry,  in  consequence  of  no  musical  compositions  of 
the  ancients  remaining.  No  doul)t  they  were  altogether  different 
in  style  from  anything  in  modern  European  music;  therefore,  had 
they  been  ])reserved  and  foUoH'ed  as  wholesome  precedents,  would 
have  checked  rather  than  at  all  advanced  the  progress  of  the  art 
in  later  times.  To  say  tliat  \v\d  the  architecture  of  the  Greeks 
aiul  Homans  perished  as  well  as  their  music,  it  would  have  been  all 
the  better  now  for  the  former  art,  would  incur  for  me  the  epithet 
of  ultra-reprobate,  and  would,  besides,  be  doing  violence  to  my 
own  feelings.  Yet  it  is  sincerely  to  be  wished  that  its  examples  were 
studied  more,  and  aped  less, — studied  rationally  and  asthetically  ; 
and  then  it  would  l)e  perceiveil  that  admirable  as  they  are  in  them- 
selves, and  with  reference  to  the  purposes  for  which  they  were 
ei'ected,  they  are  either  ill-adapted  to,  or  furnish  but  very  little 
towards,  such  an  enlarged  and  complex  architectural  system  as  we 
now  require.  For  actual  practice,  they  afford  us  little  umre  than 
a  few  varieties  of  column  and  entablature,  arches,  pediments,  and 
such  features,  in  regard  to  which  we  pique  ourselves  upon  scrupu- 
lously adhering  to  the  authority  of  some  one  particular  antique 
example,  although  the  structure  to  which  they  are  apjilieil  is  in  its 
composition  and  physiognomy  the  very  reverse  of  antiipie.  As  I 
have  said,  I  believe,  more  than  once  before,  modern  architects 
liave  converted  the  orders  into  mere  patterns,  from  which  they  have 
only  to  choose,  without  being  put  to  the  trouble  of  shaping  out  a 
fcingle  idea  of  their  own.  So  that  as  far  as  the  orders  are  concerned, 


they  neither  are  nor  are  called  u[ion  to  act  as  artists  at  all ;  and 
as  to  the  nuu-it  of  truthful  eojiying,  that  belongs  rather  to  the 
ojierative  stonemason  tlian  to  themselves.  There  are  many  ancient 
examples  that  miglit  be  modified  to  greater  or  lesser  extent,  and  in 
a  variety  of  ways,  witluxit  losing  sight  of  the  character  of  the  tj'pe 
so  fidlowed.  Nay,  some  might  lie  cousideralily  improved  upon,  and 
more  consistently  finished  up  than  thev  appear  to  have  been,  unless 
they  have  been  greatly  mutilated.  Take,  for  instance,  the  Ionic 
orrler  of  the  Erechtlieum, — surely  such  an  exceedingly  simple  and 
severe  cornice  accords  very  ill  indeed  with  such  luxuriantly  rich 
cajiitals,  which  seem  to  demand  a  corresponding  florid  character  in 
what  is  the  corresnonding  division  of  the  entablature,  and  the 
crowning  to  the  entire  order.  Together  ivith  want  of  keeping  as 
to  character,  there  is  a  falling  off  of  effect  where  it  ought,  if  any 
thing,  to  he  increased  rather  than  at  all  diminished.  Obvious  as 
this  appears  to  mys^'lf,  not  one  of  those  who  have  taken  that  ex- 
am|ile  have  ventured  to  depart  from  the  exact  letter  of  it,  by  sup- 
plying such  a  cornice  as  would  complete  and  perfect  it.  Of  the 
two,  even  an  exaggeriited  cornice  is  a  more  pardonable  fault  than 
a  starveling  one.  The  reproach  of  heaviness  is  preferable  to  that 
of  poverty  and  meanness. 


AIR-TIGHT  GRANARIES. 

Three  conditions  are  essential  to  the  process  of  putrefaction  of 
grain,  viz.  :  heat,  moisture,  and  still  air.  With  wind,  moisture  is 
carried  off;  with  cold,  the  decomposing  process  is  checked,  as  may 
be  seen  by  the  carcases  of  animals  that  lie  through  the  winter  in 
snowy  mountains,  and  dry  up  to  glue.  Without  air,  everything  is 
locked  up  and  remains  in  statu  quo;  as  reptiles  have  been  buried 
for  ages  in  blocks  of  stone  or  ancient  trees,  and  then  resumed  their 
vital  functions,  unchanged  by  time.  In  direct  opposition  to  these 
principles  are  the  granaries  of  Great  Britain  and  other  countries 
constructed.  Their  site  is  generally  the  bank  of  a  river,  or  the 
sea  side.  They  are  built  of  many  floors,  at  a  vast  expense.  Men 
are  continually  employed  to  turn  the  grain  over,  to  ventilate  it, 
and  clear  out  the  vermin  ;  and  the  weevil  is  naturalised  in  every 
crevice,  as  surely  as  bugs  in  neglected  London  beds,  or  cockroaches 
in  West  Indian  sugar  ships.  It  is  the  admission  of  air  that  per- 
mits this  evil,  that  [iromotes  germination,  that  permits  the  exist- 
ence ot  rats  and  mice.  In  the  exclusion  of  air  is  to  be  found  the 
remedy.  Granaries  might  be  constructed  under  ground  as  well  as 
above  ground ;  in  many  cases,  better.  They  might  be  constructed 
of  cast-iron,  like  gasometer  tanks  ;  or  of  brick  and  cement ;  or  of 
brick  and  asphalte,  like  underground  water-tanks.  It  is  only  re- 
quired that  they  should  be  air-tight,  and  consequently  water-tight. 
A  single  man-hole  at  the  top  is  all  the  opening  required,,  with  an 
air-tight  cover.  Now,  if  we  suppose  a  large  cast-iron  or  brick 
cylinder  sunk  in  the  earth,  the  bottom  being  conical,  and  the  top 
domed  over;  an  air-pump  adjusted  for  exhausting  the  air,  and 
an  Archimedean  screw  pumj)  to  discharge  the  grain,  we  have 
the  whole  apparatus  complete.  If  we  provide  for  wet  grain,  a 
water-pump  may  be  added,  as  to  a  leaky  ship.  Suppose,  now,  a 
cargo  of  grain,  partly  germinating,  and  containing  rats,  mice,  and 
weevils,  to  be  shot  into  this  reservoir,  the  cover  put  on  and  luted, 
and  the  air-pump  at  work,  the  germination  would  instantly  cease, 
and  the  animal  functions  would  be  suspended.  If  it  be  contended 
that  the  reservoir  may  be  leaky,  we  answer,  so  may  a  ship  ;  and  if 
so,  the  air-pump  must  be  set  to  work  just  as  is  the  case  with  a 
water-pump  in  a  leaky  ship.  One  obvious  cheapness  of  this  im- 
proved granary  over  those  existing  is,  that  the  wliole  cubic  con- 
tents may  be  filled,  whereas,  in  the  existing  mode,  not  above  one- 
fourth  of  the  cubic  contents  can  be  rendered  available.  But  many 
existing  structures  might  be  rendered  eligible.  For  example  :  the 
railway  arches  of  the  Eastern  Counties,  the  15  lack  wall,  and  the 
Greenwich.  Reservoirs  might  be  erected  in  farm  yards,  or  in- 
asmuch as  it  is  a  certain  thing  that  all  farms  must  ultimately 
communicate  with  railways,  by  means  of  cheap  horse-trains,  or 
steam  sidings,  in  tirder  to  work  to  profit,  it  would  be  desirable  that 
the  granary  should  be  erected  at  some  central  railway  station, 
where  a  steam  mill  would  do  the  work  of  e.\hausting  the  air,  dis- 
charging the  grain  by  Archimedean  screw  when  required,  and 
grinding  it  into  meal.  No  better  purpose  could  be  found  to  which 
to  apply  the  atmospheric  engines  and  stations  of  the  Croydon 
Railway,  with  their  existing  air-pumps.  Communicating  with  all 
the  southern  wheat-growing  counties  of  England,  and  also  with 
the  Thames,  no  spot  could  he  more  eligible  as  a  central  depot. — 
Westminster  Review. 
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ON  WING  WALLS  OF  BRIDGES. 

By  R.  G.  Clark,  C.E. 

As  the  drawing  of  wing-  walls  to  railway  bridfres  oifers  some 
difficulty  when  the  embankments  or  cuttings  are  very  high,  to 
obviate  this  is  the  object  of  the  present  paper,  which  relates  to  the 
investig-ation  of  some  simple  formuliB  to  determine  the  angles 
made  by  the  exterior  lines  of  wing  walls  with  the  face  of  a  bridge; 
the  phine  of  projection  lieing  taken  on  a  level  with  the  rails  or 
road,  when  the  latter  is  level. 

There  are  two  cases  to  be  considered. — 1st.  Mnien  the  coping  of 
the  wing  wall  makes  a  given  angle  w  ith  the  face  of  the  bridge,  or 
is  parallel  to  the  abutment,  as  in  the  case  of  a  skew  bridge. — 
2ndly.  M'hen  the  coping  is  perpendicular  to  the  face  of  the 
bridge. 

1st.  Let  B  H  be  the  line  of  the  face  of  the  bridge  on  H  B  E  D, 

the  plane  of  projection  as 
before  mentioned  ;  C  D  the 
exterior  top  line  of  wall ;  C  e 
the  given  batter,  perpendicu- 
lar to  B  D.  The  /  H  C  D 
being  given,  or  D  C  drawn 
parallel  to  B  B',  as  in  the  case 
of  a  skew  bridge,  draw  E  D 
parallel  to  B  II  ;  and  BE,  CF, 
respectively,  perpendicular  to 
E  D.  For  the  sake  of  sim- 
plicity, we  will  first  determine 
the  iCDB. 

Let  the  slope  of  embank- 
ment or  cutting  be  as  »h  to  1, 
and  the  batter  of  wing  wall 
as  1  to  n  ;  height  of  slope  equal  h.  Now.  /  C  D  E  =  Z  H  C  D. 
Let    Z  C  D  E  ^  e.      Also,  base   of  slope  C  F  r^  m  h  ;  and  batter 

C  e  of  wing  wall  =  -  A. 


r; 


D 


Then,  by  the  right-angle  triangle  C  F  D,  we  have 

772  h 


sin  e 


1 


^.  =  DC. 

sin  e 


Also,  by  triangle  C  e  D,  right-angled  at  e,  we  have 


mh 
sin  9 


1 


sine 


nat.  sin  ZCDB (1). 


n  mr. 

.-.   ZHBD=  /HCD  or  ZCDE  -  ZCDB. 

Eiample.    Given    the    angle    of   obliquity  H  C  D  =  20°,   slope 
1^  to  1,  and  batter  1  in  5,  to  determine  the  angle  of  wall    H  B  D  : 


By  formula 


nat.  sin  20' 


2  X  -34202 


1* 


X  5  15 

therefore,  Z  H  B  D  =  20°  -  2= 


=  -04560  =  nat.  sin  2°  57 1 


37^'  =  17°  22'  30"  required. 


2ndly.   When  the  coping  is  perpendicular  to 
the  face  of  the  bridge. 

Then  sin  e  :=  1  ; 
consequently,  sin  Z  C  D  B  =    —  . 


Hence,  cos  C  B  D  := 


(2). 


Then  nat.  cos  Z  C  B  D  =  ^  =  -2  : 


E.ramples. 
WTien  the  slope  is  1  to  1,  and  batter  1  in  5. 
nat.  cos  of  78°  27'. 
When  the  slope  is  li  to  1,  and  batter  1  in  5. 

Then  ZCBD  =  82°  20'. 
When  the  slope  is  2  to  1,  and  hatter  1  in  5. 

Then  Z  €  B  D  =  84°  15'. 
From  the  above  it  appears,  that  the  actual  height  of  the  slope, 
and  the  batter  in  feet,  &c.,  have  no  occasion  to  be  taken  into  con- 
sideration ;  but  only  their  respective  ratios,  as  above  given. 


RAILWAY  AND  STEAM  NAVIGATION  DEFENCES. 

The  course  which  the  Duke  of  Wellington  has  thought  fit  to 
take,  in  furtlierance  of  tlie  measure  of  increasing  the  army  under 
his  command,  has  given  a  new  strength  to  the  alarmist  party.  We 
say,  advisedly,  that  the  Duke's  letter  to  Sir  John  Burgoy'ne  can 
only  be  taken  as  the  statement  of  an  advocate,  using  e\'erV  means 
to  make  out  a  case  ;  for  there  is  evidence  enough  in  that  letter  to 
show  the  impracticability  ot  an  invasion,  if  it  were  consistent  to 
suppose  that  a  commander  so  experienced  could  countenance  a 
scheme,  which  the  youngest  statt'-officer  knows  is  in  no  way 
feasible.  In  considering  the  subject,  we  do  not  think  it  necessary 
to  analyse  the  Duke's  letter,  because  we  do  not  look  upon  him  as 
a  believer  in  the  invasion  sclieme ;  but  we  shall  take  up  the  ques- 
tion upon  its  own  merits,  which  are  certainly  small  enough,  com- 
pared with  tlie  clamour  which  has  been  made  by  so  many  parties, 
and  of  which  tlie  Commander-in-Chief  has  so'  skilfully  availed 
himself,  to  further  the  \'iews  of  his  own  department. 

It  is  one  of  the  consequences  of  thirty-two  years  of  peace,  that 
the  present  generation  know  little  of  war  or  of  military  affairs 
and  it  is  therefore  open  to  ignorant  or  restless  oflBcers  to  impose 
upou  them  statements,  which  do  not  meet  with  the  countenance  of 
men  well  informed  in  tlieir  own  profession,  and  which  are  not  con- 
sistent with  liistoric  proof.  With  the  public  an  officer  is  taken  as 
an  aiithority  in  virtue  of  his  epaulettes ;  but,  nevertheless,  he  is  as 
an  officer  no  more  an  authority  on  this  question  of  invasion,  than 
the  most  ignorant  civilian.  It  is  one  of  the  misfortunes  of  the 
English  army,  that  there  is  no  guarantee  for  the  qualifications  of 
its  officers ;  and,  notwithstanding  the  growing  desire  of  improve- 
ment among  military  men,  it  cainuit  be  denied  that  it  is  much  rarer 
to  find  a  man  w ell  acquainted  with  his  profession  than  otherwise, 
for  there  is  no  security,  and  it  may  be  said  no  encouragement,  for 
proficiency.  In  the  navy,  and  in  the  artillery,  an  examination 
must  be  passed  ;  but,  under  the  system  by  which  the  army  is  offi- 
cered, except  the  few  C(dlege  cadets,  a  man  may  be  put  in  command 
of  an  army,  whose  only  (jualification  is  that  he  can  manoeuvre  a 
battalion  on  parade.  Neither  is  the  service  of  the  English  army 
calculated  to  qualify  an  officer  for  European  warfare,  for  the  staff 
arrangements  even  of  an  Indian  campaign  will  give  no  schooling 
for  a  war  in  tlie  old  battle-field  of  Flanders.  One  of  the  defences 
we  most  want  is  a  good  staff  of  officers,  and  money  cannot  be 
better  laid  out  than  in  enlarging  the  military  colleges,  and  en- 
couraging the  studies  of  officers.  In  the  meanwhile,  we  hope  the 
public  will  not  allow  themselves  to  be  frightened  out  of  their  wits 
by  men  who  know  no  more  of  the  organization  of  an  armv  of  fifty 
thousand  men  tlian  a  drummer-boy  does;  and,  at  any  rate,  to 
accept  with  caution  any  statements  which  have  not  the  support  of 
common  sense  and  historical  evidence. 

It  is  very  easy  to  start  with  the  hypothesis  of  50,000  Frenchmen 
on  the  Sussex  coast,  and  to  talk  of  the  capitals  of  France,  Austria, 
Russia,  and  Prussia  having  fallen  into  the  hands  of  an  enemy;  but 
it  is  so  difficult  to  conceive  how  a  French  army  of  50,000  nien,  or 
of  any  other  force,  could  be  brought  to  London,  that  any  general 
being  ofl^ered  the  command  of  such  an  expedition,  would  give  it  up 
in  despair.  In  order  that  a  French  army  may  land  upon  the 
English  shore,  there  must  be  no  political  disorganization  in  France, 
and  there  must  be  political  disorganization  in  England.  Our  great 
protection  hitherto  against  invasion  from  France,  has  been  the 
political  disorganization  of  that  country  by  the  League,  the  Pro- 
testants, the  Camisards,  the  Girondists,  or  the  Chouans,  or  by  the 
irruption  of  Prussians,  Spaniards,  or  Savoyards.  Napoleon  never 
hoped  to  be  able  to  make  an  effectual  invasion  of  this  country, 
unless  he  could  make  a  piditical  diversion,  by  securing  the  neu- 
trality of  parties  in  opposition  to  the  government.  How  futile 
was  that  dependence  is  well  known;  and  though  some  may,  in  the 
present  time  of  calm,  believe  that  political  factions  might  here- 
after be  brought  to  sympathise  with  an  invader,  yet  such  coalition 
flould  become  impossible  when  war  shall  break  out,  and  the  old 
feelings  of  bitter  hatred  be  awakened.  This  is  a  disturbing  in- 
fluence which  cannot  be  readily  overcome.  There  is  nothing  more 
difficult  than  to  overcome  a  people  in  their  own  country,  vvith 
whatever  force,  if  united  in  resistance.  France  will  give  the  ex- 
ample. If,  in  1814  and  1815,  the  allies  were  able  to  make  their 
way  to  Paris  in  the  then  political  disorganization  of  the  country, 
yet,  in  the  early  part  of  the  war,  under  the  Duke  of  Brunswick, 
though  France  was  unprepared,  the  invaders  were  driven  back  with 
loss. 

The  circumstances  under  which  an  invasion  of  England  will  be 
practicable  are — the  union  of  the  French,  High  Dutch,  and  Rus- 
sians, the  destruction  of  the  naval  power  of  England,  our  political 
disorganization,  and  the  agreement  of  a  large  part  of  the  people 
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to  welcome  the  invader.  This  country  has  not  yet  had  an  enemy 
un  its  shores,  and  it  is  not  to  he  judi^ed  like  France,  Flanders, 
Holland,  Italy,  Germany,  and  Spain. 

Before  coming  to  our  own  ]>articular  view  of  the  question,  we 
have  a  few  observations  to  make  upon  the  military  and  naval  part. 
The  hyjiothesis  of  an  invasi(ni  must  l)e  under  these  forms  : — of  an 
army  of  200,000  men,  or  of  an  army  of  50,000  ;  of  an  army  witli 
cavalry,  artillery,  pontoons,  provisions,  and  train,  or  of  an  army 
with  light  mounted  artillery.  Confining  ourselves  to  an  army  of 
50,000  under  either  of  the  latter  two  conditions :  such  an  army, 
witli  10,000  horses  for  cavalry,  lOO  or  500  pieces  of  artillery,  liorses 
and  carriages  for  artillery,  ammunition,  provisions,  and  train, 
would  require  greater  steam  accommodation,  and  take  gi-eater  time 
in  landing.  It  would,  consequently,  defeat  itself,  by  giving  more 
time  for  the  muster  of  forces  against  it.  On  the  other  hand,  a 
mere  incursi\'e  light  force  of  50,000  men,  would  be  defeated  by 
want  of  means  to  overcome  the  usual  o])stacles  of  delay.  It  would 
want  cavalry  to  drive  off  the  swarms  of  local  mounted  skirmishers, 
and  to  make  its  reconnaissances ;  it  would  want  means  of  crossing 
rivers;  and  wlien  its  brigades  before  concentration  were  brought 
in  front  of  a  regular  force  in  position,  it  would  want  heavy  cavalry 
and  artillery.  If  the  wounded  men  were  picked  up  they  would 
encumber  the  march,  and  if  left  beliind  they  would  be  massacred 
by  the  local  skirmishers  hanging  on  the  rear ;  so  tliat  the  men 
would  soon  become  demoralised.  Three  days'  stay  in  a  wasted 
country  would  leave  such  an  army,  even  if  concentrated,  without 
provisions  or  ammunition,  with  its  ranks  thinned  and  dispirited  by 
death  and  fatigue.  If  it  attem])ted  to  fight,  every  man  would  be 
hutcliered.  Indeed  no  worse  fate  can  he  wished  for  any  man  than  to 
have  the  command  of  a  brigade  in  an  army  of  invasion  of  England. 

Persons  who  are  ignorant  or  ill-advised,  may  say  that  we  have 
no  regular  force  and  no  military  spirit  in  tlie  country ;  but  those 
who  take  the  trouble  to  calculate  know  tliat  this  country  has  at  all 
times  had  great  military  resources,  and  at  no  time  so  much  as  at 
the  present.  Turn  bacli  the  pages  of  the  history  of  England,  and 
watch  the  progress  of  preparation.  The  regulars  in  England  are 
increased  by  scores  of  thousands  at  a  time ;  sixty  thousand  militia 
are  embodied  and  used  as  regulars ;  an  army  of  reserve  is  called 
out ;  local  militia  are  brought  into  the  ranks  of  the  regular  army  ; 
tliree  or  four  Iiundred  thousand  volunteers  are  enrolled  ;  and,  in 
1808  for  example,  seven  hundred  thousand  men  are  in  arms  in  the 
islands,  besides  a  vast  fleet  patrolling  around.  Since  then,  the 
population  has  doubled,  and  that  seven  hundred  thousand  men  will 
become  a  million  and  a  half,  with  the  levy  en  masse  to  back  them. 
England,  without  allies,  can  never  be  lost,  if  only  true  to  herself, 
tliougli  the  nations  of  Europe  should  be  poured  on  her  sliores.  No 
enterprise  could  be  more  dangerous  than  to  land  troops  in  a 
tliickly-peopled  country,  among  a  brave  and  warlike  population, 
strengthened  with  all  the  resources  of  knowledge  and  wealth. 
For  what  would  this  to  be  attempted?  To  take  the  land,  but  to 
fin  the  shores  of  the  Atlantic,  and  the  waters  of  the  deep,  with  a 
fierce  people,  who,  as  the  Hollanders  once  threatened  to  do,  would 
take  to  tlieir  ships  and  seek  a  new  country,  whence  they  could  turn 
upon  their  oppressors. 

It  should  be  noted  that  it  is  an  old  regulation,  always  renewed 
in  time  of  war,  that  in  case  of  invasion,  all  corn,  cattle,  and 
people,  witliin  twenty  miles  of  the  shore,  must  be  driven  up  the 
country,  and  tlie  district  wasted,  and  efficient  means  are  ])rovided 
for  efl'ecting  this.  England  in  time  of  war,  aiul  England  in  time 
of  peace,  are  different  countries,  and  it  is  certainly  not  matter  of 
blame  that  tlie  government,  in  the  thirty-second  year  of  peace,  do 
not  harass  the  country  with  the  troubles  of  war-time.  \Fhy  are 
martello  towers,  shot  furnaces,  and  batteries  to  decay  upon  the 
coast,  heavy  artillery  to  rust,  and  men  to  be  taken  from  their  shops 
and  homes  to  the  drill  gi'ound,  when  all  that  is  wanted  in  this  way 
can  be  done  when  the  time  comes  .■" 

As  to  sudden  invasion  at  this  moment,  it  is  a  bugbear ;  but  we 
are  always  ready  to  urge  that  a  consistent  system  of  preparation 
for  war  shall  be  carried  on :  but  then  in  our  opinion  the  means  are 
simpler  than  those  usually  put  forward,  and  are  not  to  be  sought 
in  the  army  estimates,  but  more  immediately  within  the  scope  of 
what  are  commonly  called  the  engineering  operations  of  the  coun- 
try. We  do  not  advocate  an  increase  of  the  standing  army;  we 
have  no  faith  in  the  fortification  of  Portsmouth,  Plymoutli,  and 
other  towns,  as  strong  places  ;  we  do  not  tliiuk  it  necessary  to  lay 
down  batteries  on  the  coast,  or  to  mount  them  witli  heavy  ai'til- 
lery  ,  still  less  do  we  advocate  the  calling  out  of  tlie  militia.  We 
may  observe,  that  tlie  government  of  tliis  cimntry  have  always 
wisely  shown  an  indisposition  to  put  arms  into  tlie  hands  of  tlie 
people  in  time  of  peace,  because  they  are  not  under  the  bond  of  a 


feeling  of  hostile  invasion,  which  in  time  of  war  prevents  a  mis- 
ap|)lication  of  arms  to  interference  in  the  civil  government. 

We  consider  that  a  due  attention  to  railways,  steam  navigation, 
and  tlie  telegrajih  system,  will  in  time  of  peace  be  the  most  effi- 
cient means  of  jiroviding  for  the  defence  of  the  country.  ^Ve  are 
no  longer  in  the  position  we  were  a  few  years  ago,  when  the  sudden 
growth  of  steam  navigation  threatened  military  and  naval  men 
with  a  new  instrument  of  aggression,  against  which  they  had  no 
means  of  defence.  Then  there  might  have  been  oc(-asion  for 
alarm,  had  war  broken  out;  but  since  then,  the  development  of 
the  railway  system  has  provided  an  adequate  power  of  resistance ; 
while,  more  recently,  the  estalilishment  of  electric  telegraphs  has 
thrown  the  scale  of  preponderance  in  favour  of  tlie  defensive  re- 
sources. We  can  no  longer  lie  in  dtmlit  in  wliat  direction  we  are 
to  apply  our  means  and  make  pro\ision.  Wu  must  avail  ourselves 
of  those  three  great  branches  of  national  enterprise  which  we  have 
already  named.  Do  not  let  any  think  us  over-professional  in 
taking  this  view  of  the  matter,  for  this  is  the  side  on  which  the 
Duke  of  Wellington  looks  at  it.  He  takes  his  case  on  a  steam- 
navigation  invasion,  on  this  new  development  of  scientific  re- 
sources ;  and  the  fair  way  to  meet  it  is  to  consider  what  resources 
of  such  kind  are  available  for  tlie  purposes  of  defence.  Engineers 
and  manufacturers  have  created  the  means  of  invasion,  and  they 
must  provide  us,  to  some  extent,  with  the  means  of  defence. 

Considered  in  reference  to  the  defence  of  the  nation,  nothing 
can  be  more  unwise  than  that  legislative  interference  Hliich  has 
restricted  railway  enterprise.  Even  were  it  true  that  tliere  was  an 
undue  competition  for  railways,  and  that  capital  was  diverted  into 
this  branch  of  investment,  still,  so  far  as  the  country  is  concerned, 
it  is  desirable  that  as  many  railways  as  possible  should  be  made.  If 
we  are  asked  whence  the  capital  comes  for  railway  construction, 
we  can  have  an  answer  which  springs  from  the  very  matter  now 
under  discussion.  In  time  of  war,  we  keep  a  couple  of  hundred 
thousand  regulars  and  militiamen,  giving  no  productive  return. 
In  time  of  peace,  we  can  employ  two  hundred  thousand  na\igators, 
or,  in  reference  to  our  present  means,  four  hundred  thousand  navi- 
gators, in  making  railway  works.  At  present,  out  of  an  income  of 
fifty-five  millions,  thirty  millions  are  a  mere  transfer  of  cajiital,  in 
the  shape  of  interest  on  the  debt ;  the  remainder  is  the  effective 
drain  upon  the  energies  of  the  country ;  and  every  addition  of 
twenty  thousand  men  to  tlie  military  forces  is  a  deduction  of  so 
many  men,  and  of  (me  million  yearly,  of  so  much  productive  labour 
and  capital  rendered  un]iroductive.  AV^e  can  carry  on  such  great 
railway  works  wliile  other  countries  cannot,  because  France,  for 
instance,  keeps  three  hundred  thousand,  or  four  hundred  thousand, 
men  under  arms, — doing  no  good,  but,  on  the  contrary,  weakening 
its  resources. 

Tlie  less  interference  with  railway  legislation  and  management 
the  better,  for  it  results  only  in  public  inconvenience.  Had  it  not 
been  for  this  interference,  we  should  now  have  had  coast  lines  all 
round  the  island,  and  been  pro\ided  with  sufficient  converging 
lines  from  the  great  seats  of  population.  As  we  stand  now,  the 
southern  ct)ast  line  is  incomjilete,  the  line  to  the  west  coast  is  in- 
complete, the  eastern  coast  is  neglected,  and  indeed  tlie  communi- 
cations are  left  in  such  a  state,  that  in  time  of  war  they  will 
require  to  he  completed  at  the  national  expense.  If  erroneous 
views  of  policy  had  not  prevented  it,  we  should  have  had  at 
present  the  following  lines  available  for  the  south  coast  defence: — 
A  line  along  the  scmth  bank  of  the  Thames,  to  Dover,  to  Hastings, 
to  Brighton,  to  Shoreham,  to  Fareham,  to  Portsmouth,  and  to 
Southampton,  giving  the  means  for  pouring  down  troops  most 
rapidly ;  whereas,  thi'ough  the  fear  of  competition,  we  are  left 
with  the  present  inadequate  accommodation.  If  tlie  plan  of  traffic 
estimates  and  investigations  had  not  been  followed,  and  parliament 
had  not  undertaken  the  futile  inquiry  whether  a  line  would  pay  or 
no,  we  should  have  had  lines  enough  made  by  those  who  are  the 
best  judges  how  to  invest  their  money.  It  is,  however,  the  conse- 
quence of  the  meddling  policy,  that  it  always  reacts  to  produce 
serious  inconvenience  to  the  country,  without  doing  the  slightest 
good. 

Now  that  railway  enterprise  has  been  suppressed  and  knocked 
down,  it  liecomes  the  duty  of  the  government  to  aid  the  companies 
in  carrying  out  the  necessary  works.  Among  them  are  the  Ijridge 
over  tiie  Tliames  to  connect  the  nortli  and  south  railways ;  the 
branch  of  tlie  Brightcm  railway  from  Croydon  to  Arandsworth  ; 
the  union  of  the  Pcn-tsmouth  and  Gosport  lines;  and  the  extension 
of  tlie  Brighton  and  Hastings  line  through  Ilye  to  Ashf'ord.  Lon- 
don is  the  seat  of  a  population  which  will  afford  four  hundred 
thousand  able-bodied  soldiers,  between  fifteen  and  sixty,  to  be 
poured  down  to  any  point  of  tlie  coast  between  Dorchester  and 
Harwich  ;  and  it  is  therefore  necessary  to  provide  accommodation 
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for  brintring;  this  great  reserve  to  bear  upon  any  point  attacked. 
Tlie  metropolis  also  is  the  reserve  for  defending  the  whole  of  the 
northern  and  west  coasts,  in  case  of  insufficiency  of  local  force. 

It  has  been  reconimeneled  that  the  railway  companies  should  he 
encourajjed  to  adapt  their  %vagons  so  as  to  carry  heavy  artillery  ; 
but  this  is  unnecessary,  though  they  should  have  provision  for 
carrying  light  artillery.  This  country,  yielding  more  than  one 
million  and  a  half  tons  of  iron  yearly,  can  sujjply  any  number  of 
heavy  carronades  to  carry  G8  lb.  hollow  shot  or  solid  red-hot  shot. 
In  case  of  need,  a  thousand  carronades  could  he  cast  daily.  The 
coasts  can  be  lined  with  heavy  ordnance,  and  proxided  with  fur- 
naces for  heating  shot,  the  guns  being  worked  by  the  local  fencible 
artillery.  If  the  enemy  effected  a  landing,  the  guns  would  be 
spiked  and  left  on  the  spot.  Guns  would  likewise  be  brought  up 
along  the  line  of  the  enemy's  march,  and  upon  the  fortified  lines 
and  cam))s,  and  as  each  position  was  abandoned  the  guns  would  be 
spiked.  There  would  be  no  object  in  lugging  about  heavy  pieces, 
and  the  enemy  would  not  move  spiked  iron  guns,  if  they  had  the 
train  to  do  it. 

Every  encouragement  should  be  given  to  telegraph  companies  to 
lay  down  wires,  for  although  we  have  got  to  a  certain  stage  of 
advancement,  the  electric  telegraph  system  in  this  country  is  far 
from  being  in  a  satisfactory  state.  It  seems  very  desirable  that  it 
should  not  be  left  a  monopoly  in  the  hands  of  the  Electric  Tele- 
graph Company  or  the  government,  who,  by  inveterate  adherence 
to  one  system,  may  check  the  course  of  improvement.  The  use  of 
the  needle  telegraph  by  the  company  we  believe  to  be  fraught  with 
great  inconvenience,  and  indeed,  in  particular  conditions  of  the 
weather,  as  the  needle  telegraph  will  not  work,  it  may  become 
useless  either  to  announce  an  invasion  or  to  communicate  orders. 
It  is  to  he  observed  that  the  electric  telegraphs  for  the  south  coast 
are  in  a  bad  condition.  The  coast  line  is  not  completed,  and  the 
South  Devon  line  is  said  to  work  imperfectly.  The  telegraph  on 
the  Soutli-Eastern  is  worked  in  a  complicated  manner ;  there  is  no 
telegrajdi  on  the  Brighton.  There  is  a  telegraph  on  the  South- 
western ;  but  on  the  Great  Western,  none  beyond  Slough.  AV'e 
say  nothing  about  military  communications  with  the  inland  sta- 
tions, or  with  Chatham,  Plymouth,  and  Milford.  All  this  requires 
looking  to,  so  that  ex'ery  encouragement  be  given  to  complete  the 
system ;  and  in  case  of  need,  the  government  must  themselves  lay 
down  wires. 

The  steam  navigation  resources  of  the  country  must  be  culti- 
vated by  a  prudent  legislation.  On  this  head,  as  on  railways  and 
telegi'aphs,  private  enterprise  is  ready  enough  to  work  without 
requiring  any  great  expenditure  on  the  part  of  the  state ;  but,  un- 
ha])pily,  legislation  has  generally  been  unfavourable  to  private 
enterprise,  or  so  tardy,  that  private  resources  have  been  exhausted 
before  public  aid  was  afforded.  The  Great  AVe^tern  Steam  Navi- 
gation Company  was  allowed  to  drop,  when  slight  aid  from  the  public 
would  have  given  it  an  impulse,  and  we  might  had  a  weekly  line  to 
tlie  United  States  before  now.  Mr.  Waghorn  is  still  urging  upon 
the  government  the  packet  line  to  Sydney,  and  Mr.  AVheelwright 
has  not  too  much  reason  to  congratulate  himself  on  the  aid  afforded 
to  Pacific  steam  na\'igation.  From  the  tardiness  of  the  govern- 
ment, the  Great  Western,  the  Cape  of  Good  Hope,  and  the  Bahia 
Steam  Navigation  Companies  have  been  ruined,  the  Pacific  Steam 
Navigation  Company  has  been  kept  in  difficulties,  and  the  Royal 
'Mail  and  Peninsular  Companies  long  had  to  struggle  amid  depres- 
sion and  neglect. 

The  line  to  Australia  should  at  once  be  authorised,  as  also  one 
to  the  BrazOs.  Already  a  steam  marine  has  sprung  up  in  Sydney, 
and  it  would  be  much  extended  under  the  impulse  of  a  steam  com- 
munication with  the  mother  country,  while  a  slight  encourage- 
ment would  fill  with  steamers  the  harbours  of  our  possessions  on 
the  Indian  ocean,  and  greatly  augment  their  defensive  resources. 

It  is  very  desirable  that  examinations  should  be  established  for 
masters,  mates,  and  enginemen  of  steamers,  but  accompanied  with 
tlie  distribution  of  such  prizes  for  proficiency  as  should  stimulate 
tlie  acquirement  of  professional  knowledge,  and  raise  the  character 
of  the  persons  employed. 

With  a  population  of  fifteen  or  sixteen  millions  on  sixty  thou- 
sand square  miles,  and  with  vast  material  resources,  nothing  but 
the  inibecilitj-  of  a  government,  or  the  treachery  of  a  party,  would 
make  a  foreign  invasion  possible ;  and  one  great  source  of  moral 
strength  and  confidence  is  a  knowledge  of  those  resources.  What 
can  be  more  desperate  than  the  embarkation  of  landsmen  in  steam- 
ers and  small  craft,  which,  if  the  sea-force  of  England  be  annihi- 
lated, must  still  he  landed  on  a  hostile  shore  under  a  well-directed 
fire  of  red-hot  and  hollow  shot  and  shells  from  heavy  pieces.  By 
the  time  a  landing  is  effected,  the  local  force  is  mustered,  troops 
pour  in  from  all  quarters,   the  people,  cattle,  and  corn  are  driven, 


the  roads  and  bridges  broken  up,  and  the  enemy  would  have  to 
advance  under  the  tire  of  mounted  and  dismounted  sharpshooters, 
lurking  in  a  country  full  of  hedges,  ditches,  and  enclosures. 
Every  bridge  and  culvert  would  form  an  obstruction,  every  grove 
of  trees  near  the  roads  be  cut  down  for  an  idjattis ;  barriers  would 
be  formed  at  the  hamlets  and  villages,  and  guns  mounted  in  the 
churchyards,  mUls,  and  on  tlie  hill-tops.  In  the  face  of  such  ob- 
stacles the  enemy  would  have  to  advance,  each  man  carrying  sixty 
rounds  of  ammunition  and  three  days  provision.  Tirailleurs 
would  ha\'e  to  be  thrown  out  around  the  column  of  the  mo\-ing 
brigade,  and,  after  two  or  three  miles*  advance,  more  must  be  kept 
in  the  rear,  as  the  skirmishers  would  get  behind,  in  order  to 
slaugliter  the  wounded,  for  it  is  well  understood  in  such  affairs 
that  no  quarter  is  given.  The  brigades  landed  at  various  points 
along  the  course,  would  have  their  communications  interrupted  by 
the  deep  and  wide  mouths  of  the  rivers,  and  their  progress  impeded 
by  gorges  and  steep  passes  in  the  chalk  range,  which  would  admit 
of  a  stand  being  made  by  the  local  forces.  The  brigades  would 
not  know  whetlier  their  whole  army  had  made  good  its  landing, 
and  would  not  in  many  cases  know  the  fate  of  the  brigades  on 
their  flanks ;  while,  at  the  points  named  for  the  concentration  of 
the  dix'isions,  many  brigades  would  not  be  able  to  get  up,  and 
movements  would  be  necessary  in  flank  and  rear  to  extricate  bri- 
gades which  were  cut  off  and  surrouiuled.  E\-ery  hour  lost  to  the 
invaders  would  be  thousands  of  men  added  to  the'  protecting  force, 
and  if  divisions  could  be  got  together  for  an  advance,  they  would 
then  have  to  carry  entrenched  camps  and  fortified  positions,  against 
a  superior  force  well  provided  with  cavalry  and  artillery,  and 
knowing  that  the  carrying  one  strong  position  x\as  only  shifting 
the  field  of  battle  to  another  strong  position  in  the  rear.  When 
it  is  considered  that  in  a  broken  country,  swarming  with  skirmish- 
ers, a  force  weak  in  ca\'alry  could  not  keej)  up  communications 
without  moving  such  a  body  of  men  as  could  defend  themselves 
and  cut  their  %vay  through,  the  demoralization  of  the  invading 
force  within  twenty-four  hours  would  be  certain.  A  xery  hard 
day's  work  would  have  to  be  done  ;  nothing  would  be  known  as  to 
the  fate  of  other  portions  of  the  force ;  many  of  the  men  would 
have  become  the  victims  of  the  infuriated  skirmishers;  and  a  night 
would  come  on,  when  a  large  force  would  have  to  be  detached  for 
piquets  and  outposts,  of  which  the  sentries  would  be  picked  off  on 
their  guards,  x\hile  the  outposts  would  be  driven  in  by  night 
attacks.  The  next  morning  would  offer  the  choice  of  a  surrender, 
a  retreat,  or  an  attack  from  a  superior  force ;  and  this  without 
having  got  more  than  twenty  miles  from  the  coast.  This  is  rather 
a  different  picture  from  that  drawn  by  Lord  Ellesmere,  of  the 
guards  marching  out  of  London  ;  but  then  it  is  the  true  one, 
which  those  %vho  have  had  experience  in  such  matters  will  recog- 
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PNEUMATIC  SPRING. 

Moses  Poole,  of  the  Patent  Office,  London,  gentleman,  for  "  Im- 
provements ill.  the  construction  of  pneumatic  springs." — Granted  Jlay 
22;  Enrolled  November  22,  1817.  (A  communication  from  a 
foreigner.) 

The  nature  of  this  invention  consists  in  applying  the  elasticity 
of  atmospheric  air,  or  any  permanently  elastic  gas  by  means  of  air 
expanding  and  contracting  chamber  or  chambers,  made  in  one,  two, 
or  more  parts,  and  connected  togetlier  by  means  of  two  or  more 
belts  of  india-rubber  cloth  or  other  flexible  or  impermeable  material, 
with  alcohol  or  other  liquid  interposed,  the  more  effectually  to  pre- 
vent the  escape  of  the  gas  or  air  contained  in  the  apparatus,  and 
to  aid  in  relieving  the  flexible  connexion,  and  preventing  its  rup- 
ture from  the  action  of  the  weight  or  force  on  the  spring. 

This  mode  of  connecting  two  vessels  being  applicable  without 
the  air  to  other  purjjoses,  such  as  hydrostatic  presses,  ike,  by 
forcing  the  water  into  or  between  the  two  vessels. 

And  the  improvement  also  consists  in  providing  this  apparatus 
with  one  or  more  of  what  is  denominated  a  respiratory  chamber  or 
chambers,  attached  to  one  or  botli  ends  of  the  apparatus,  and  sepa- 
rated from  the  main  chamber  of  the  apparatus  by  a  dia]ihragm  or 
diaphragms  perforated  with  holes,  which  will  check  the  passage  of 
the  air,  and  thus  relieve  the  apparatus  from  the  injurious  effects  of 
sudden  shocks. 

The  manner  in  which  it  is  preferred  to  construct  this  apparatus 
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is  represented  in  tlie  aocompiinyinir  driiwinfrs,  in  wliich  h,  fifj.  1, 
is  anu'tallic  coiiii'al  vessel,  witli  a  concave 
plate  or  disc  at  bottom.  The  u|)per  edije 
of  this  vessel  is  bevelled  inwards  around 
its  circnmference  to  receive  the  edye  of 
the  belts./'and  //.  tlie  inner  e<lg'es  of  which 
are  there  secured  by  a  )ilate  c,  depiessed 
or  sunk  in  the  centre,  wliicli  has  a  bevelled 
and  jfrooved  tlanch,  so  Unit  when  the  |ilate 
e,  is  drawn  towards  the  hotlom  plate  by 
four  or  more  screw-bolts  /i,  the  belts  are 
g-riped  and  firnilyheld  l)etweenthe  ijrooved 
edge  of  the  vessel  ami.  the  l)evelled  or 
frrooved  llanch.  Tlie  outer  edges  of  the 
are  connected  with  and  held  by  the  cylindrical 
surrounds  the   vessel  h,  liavin;?  space  enough  be- 


F'S    I. 

belts  /  and  7, 

\essel  «,  which   „,...... ,  ,  .  , -,       , 

tween  the  two  for  the  working  of  the  belts,  which  by  the  pressure 
of  the  contained  air  are  alternately  pressed  against  and  sustained 
by  the  inner  periphery  of  the  conical  vessel.  1  he  belts  are  secured 
in  vessel  o,  bv  making  its  cylindrical  part  in  two  i)ortions.  1  he 
edges  of  these  tM-o  i)arts,  where  they  come  together,  are  bevelled 
.«-  grooved  to  receive  the  outei  edge  of  the  belts,  which  are  there 
griped  and  firmly  held  by  drawing  the  two  parts  a  and  rt  together 
liy  means  of  scre'w-lmlts  ;,  that  pass  through  the  head  of  the  vessel 
II,  and  a  flanch  in  the  part  a. 

The  connecting-belts /"and  jr,  are  flexible  hoops  of  india-rubber 
or  other  flexible  sulistance  impermeable  to  air,  and  the  edges  being 
firmly  helil,  the  space  j  between  the  two  is  filled  with  alcohol  or 
other"  liipiid,  which  not  only  prevents  all  possibility  of  air  passing 
through,  but  brings  an  equal  jiressure  on  all  parts  to  prevent  rup- 
ture. 

The  connexion  of  the  two  vessels  a  and  //,  by  means  of  the  belt, 
divides  the  apparatus  into  two  parts  or  chambers  a'  and  I,',  the  plate 
or  diaphragm  e  being  the  division,  the  inner  and  depressed  cir- 
cumference of  which  is  perforated  with  holes  to  break  the  passage 
of  the  air,  as  the  chamber  «'  is  enlarged  or  contracted  by  the 
movement  of  the  two  vessels  on  each  other  ;  this  perforated  plate 
is,  therefore,  termed  a  respirator,  as  it  permits  the  passage  of  the 
air  from  one  chamber  to  the  other,  and  at  the  same  time  checks  its 
too  sudden  passage,  and  therefore  avoids  to  a  certain  extent  all 
sudden  jars  in  cars  or  other  bodies  having  such  springs  inter- 
])osed. 

The  motion  of  the  two  vessels  on  each  other  is  guided  by  a  rod 
k,  attached  to  the  head  of  the  vessel  n,  which  passes  into  a  tube  /, 
which  tube  arises  from  the  bottom  and  centre  of  the  vessel  6,  ex- 
tending through  the  centre  of  the  respirator  or  plate  e  ;  or  guide- 
rods  may  be  applied  outside.  The  vessel  b,  instead  of  being  coni- 
cjtl,  may  he  cylindrical,  but  the  two  vessels  should  be  so  formed  as 
to  present  alternately  a  siijiporting  surface  to  the  belt,  which  in 
conse(pience  of  the  pressure  of  the  air  in  the  chamber  a',  rolls 
gradually  from  one  surface  to  the  other,  and  is  therefore  at  all 
times  supported  by  either  one  or  the  other,  or  both  of  these  sur- 
faces. 

Instead  of  one  respirator  or  jierforated  diaphragm  two  or  more 
may  be  employed,  the  more  effectually  to  ease  ofi"  the  passage  of 
the  air  as  it  is  compressed  or  expanded,  and  tliis  respirator  may  be 
of  any  desired  form,  and  may  be  located  in  any  part  of  the  two 

chambers.  Fig.  2. 

„  Instead  of  the  double  belt 
■^  above  descrilied  connected 
together  at  the  edges,  it  is 
contemplated  to  place  two  or 
more  single  belts  separated 
from  each  other,  as  repre- 
sented at  fig.  2,  with  the 
licpiid  in  the  space  t ;  the 
holes  t,  being  made  through 
the  outer  casing  for  the  in- 
troduction of  the  li(piid  and 
closed  by  a  screw-plug. 
AVhen  this  apparatus  is  used 
as  a  hydrostatic  press,  the 
water  is  forced  into  the 
chambers  a'  and  b',  by  any  of  the  known  means  which  forces  apart 
the  two  vessels  a  and  /;,  in  the  same  manner  as  in  the  cylinder  and 
]iiston  jiress,  except  that  the  friction  of  the  moving  part  is  avoided. 
Air  is  to  he  forced  into  the  chambers  when  the  apparatus  is  used  as 
fi  spring. 


MANUFACTURE  OF  IRON. 

Reginald  Jamks  Blewitt,  of  Llantarnam  Abbey,  Newport, 
Esq.,  M.P.,  for  '•'•  Jntiiriivrniriifx  in  themiinnfactnre  iif  malleable  iron.' 
— Granted  May  27  ;  Enndled  November  27,  IHI.7. 

The  usual  mode  of  preparing  pig  or  cast-iron  fm-  malleable  iron 
is  by  melting  such  iron,  or  by  mixing  together  and  melting  different 
qualities  of  ]pig  or  cast-iron  with  coke,  in  furnaces  called  refineries, 
and  keeping  it  there  in  a  state  of  fusion,  at  a  great  heat,  with  a 
strong  blast ;  and  the  produce,  run  into  mimlds,  is  called  refined 
iron,  or  metal  plate.  The  patentee  uses  this,  either  alone,  or 
mixed  with  different  qualities  of  pig-  or  cast-iron,  in  the  puddling- 
furnace,  and  subjects  it  to  tlie  after  process  of  puddling,  by  which 
it  is  brought  inio  the  first  state  of  malleability.  He  states,  he  has 
discovered  that  a  better  <piality  of  refined  iron,  or  metal,  may 
he  obtained  from  an  air  furnace — such  as  is  commonly  used  for 
casting,  or  foundry  purposes — than  from  the  refinery,  by  which 
there  is  less  waste  of  metal,  and  less  ex|>ense  of  fuel,  in  the  manu- 
facture, lie  lights  and  heats  an  air-furnace  in  the  usual  manner. 
For  each  charge  about  four  tons  of  pig  or  cast-iron  is  put  in  of  such 
qualities  as  the  manufacturer  may  think  most  desirable  to  produce 
the  required  quality  of  malleable  iron,  as  has  hitherto  been  the 
practice  in  using  refinery  furnaces  ;  and  the  charge,  when  fully 
melted  and  mingled  together  at  the  bottom  of  the  furnace,  is  run 
into  sand,  or  iron  moulds,  of  any  convenient  size,  and  then  sub- 
jected to  the  after  process  of  puddling,  which  is  conducted  as  if 
using  refined  metal  produced  from  ordinary  refinery  furnaces. 
The  fuel  employed  for  heating  the  air-furnace  is  a  white-ash,  semi- 
bituminous  coal  of  excellent  quality,  to  which  may  be  added,  with 
good  effect,  1  or  2  cwt.  of  charcoal  to  each  charge. 


RAILWAY  CARRIAGE  AXLES. 

Samuel  Benjamin  Edward  Bergeb,  of  Abchurch-lane,  London, 
merchant,  for  ''''  Iniprovenieiitti  in  the  coiiatruction  (if  ruihriiy  car- 
riages." (A  communication.) — Granted  June  3  ;  Enrolled  Uec.  3, 
184.7.     [Reported  in  Newton  s  London  Journal.^ 

This  invention  relates  to  a  mode  of  connecting  the  axle-boxes  of 
railway  axles  ^vith  the  framing  of  the  carriage,  whereby  the  axles 
will  have  a  slight  horizontal  play,  suflScient  for  them  (when  tra- 
velling over  curves)  to  take  a  line  parallel  to  the  radius  of  the 
curve  over  which  they  may  be  passing.  This  is  efi^ected  by  con- 
necting the  axles  to  the  carriages  in  the  manner  shown  in  the  an- 
nexed  engravings.     For   four-wheel   carriages   the   apparatus   i» 


Fig.  3.     Fig.  2. 


Fig.  1. 


Fig.  4. 

shown  in  figs.  1,  2,  3,  and  4.  a,  a,  is  one  of  thetwo  main  side- 
beams  of  the  framing  of  the  carriage  ;  and  as  side  case  of  the  car- 
riage is  similarly  furnished  for  the  support  of  the  axles,  a  descrip- 
tion of  the  parts  pertaining  to  one  end  only  of  an  axle  wUl  suffice 
to  explain  the  nature  of  the  invention. 

a,  a,  are  four  arms  or  brackets,  bolted,  two  on  each  side,  to  the 
beam  a  ;  and  at  their  lower  ends  they  are  coupled  together,  in 
piiirs,  by  a  bolt  or  pin  6.  These  pins  each  carry  two  links,  c,  c  ; 
and  through  their  ends  a  coupling-pin  is  passed,  and  secured  in  its 
place  by  rivet-heads  or  otherwise,  d,  d,  are  two  rods  or  bars,  pro- 
vided at  each  end  with  eyes,  for  the  purpose  of  being  connected 
respectively  at  their  outer  ends  by  the  coupling-pins  of  the  links 
c,  c,  and  at  their  inner  ends,  of  being  jointed  together  by  the  coup- 
ling-pins e,  e,  and  intervening  links  /,  /.     These  coupling-pins  e. 
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which  are  secured  in  their  places  by  screw-nuts,  also  pass  throus;h 
the  eyes  of  pemlant-links  h,  li,  which  pasi*  throug-h  the  step  or  axle- 
box  A:,  and  hold  it  in  sus])ension.  I  is  the  bearinj^-spring^,  composed 
of  layers  of  steel  plates,  piled  one  above  the  other,  and  eniliraceil 
by  the  links  /(,  ft,  which,  when  screwed  tij<Iit  to  the  axle-box  by  the 
nuts  (shown  in  the  drawing),  cause  the  horizontal  links  /'to  bind 
tightly  upon  the  middle  of  the  steel  plates,  and  h(dd  them  securely 
together.  It  will  now  be  understood,  that  wlien  it  is  desirable  for 
the  axle  to  take  a  position  other  than  a  right  angle  with  the  side 
of  its  carriage,  such  movement  will  be  ]>erniitted  by  the  links  c,  c, 
being  free  to  oscillate.  In  order,  hone\er.  to  check  an  undue 
horizontal  movement  of  the  axle,  aiul  alloi\'  of  its  adjustment  only 
to  a  line  parallel  with  the  radius  of  the  curve  over  which  the  car- 
riage is  passing,  elastic  sto]i  or  check-pieces  ;«,  m,  are  provided,  as 
shown  at  fig.  1  ;  and  placed  in  such  a  manner,  as  to  allow  of  a  free 
motion  of  about  a  j  to  ^  inch  ;  so  that,  whenever  the  axle  mav 
have  a  tendency  to  sway  too  much,  either  forward  or  backward, 
tlie  links  c,  c,  will  come  in  contact  with  the  pieces  m,  and  he  pre- 
vented from  moving  further.  This  horizontal  movement  of  the 
axle  will  only  occur  when  the  railway  deviates  from  a  straight  line  ; 
but  when  the  carriage  again  pursues  a  straight  course,  the  axle 
will  regain  its  position  at  riglit  angles  to  the  length  of  the  car- 
riage. 

Another  modification  of  the  invention,  applicable  to  a  six-wheel 
carriage,  is  also  described  in  the  specification,  fig.  5  being   a  side 


Fig    5. 

elevation ;  to  allow  the  axles  to  move  laterally,  as  well  as  in  a  for- 
ward and  backward  direction,  in  order  that,  in  a  carriage  having 
three  or  four  ]>airs  of  wheels,  the  hind  wheels  may  fidlow  the  front 
pair,  not  always  in  a  straight  line,  as  they  are  now  obliged  to  do 
(whereby  a  continuous  abrasion  ot  the  flanges  against  the  rails  is 
caused  when  jiassin^  curves),  but  that  they  may  take  a  position  on 
the  rail  suitable  for  compensating  for  the  diiference  in  radius  of 
the  two  sides  of  the  curve  of  a  railway,  and  jjermit  the  cone  peri- 
pheries to  work  efficiently  for  that  purpose.  In  this  modification, 
the  same  or  analogous  parts  are  marked  witli  similar  letters  of  re- 
ference. Instead  of  the  four  arms  n,  fig.  I,  forked  arms  a,  are 
made  to  embrace  the  l)eam  a  ;  and  at  the  junction  of  the  prong, 
filling-pieces  are  provided,  and  cross-rods  are  also  employed,  to 
insure  the  rigidity  recpiired  for  the  arms  a.  The  lower  ends  of  the 
arms  a  are  hook-shaped,  and  are  intended  to  receive  respectively 
the  shackles  or  links  c,  c,  which,  together  with  the  coupling-hooks 
(■*,  pendant  from  the  bars  d,  perform  the  same  office  as  the  links  c, 
in  fig.  1.  From  tlie  peculiar  construction  of  this  coupling,  it  will 
Ije  seen  that  a  lateral  play  or  movement  is  allowed  to  the  axle, 
entirely  independent  of  the  carriage-framing  (no  fixed  point  of 
vibration  being  employed,  as  at  fig.  1) ;  and,  consequently,  the  ob- 
ject desired,  viz.,  giving  a  lateral  as  well  as  a  backward  and  for- 
ward motion  to  the  axle,  will  be  obtained.  In  order  to  limit  the 
horizontal  motion  of  the  axle,  the  space  for  oscillation  is  contracted 
st  X,  J,  (fig.  5).  To  guard  against  the  danger  which  would  result 
from  the  breakage  ofeither  of  tlie  shackles  c,  a  block  of  wood  is 
attached  beneath  the  framing,  which,  in  falling,  will  be  caught  by 
a  block  resting  on  the  coupling-links  of  the  bars  d.  g  is  a 
shield  for  pre\enting  the  step  or  axle-box  k,  from  getting  displaced, 
in  the  event  of  such  an  accident  as  above  alluded  to. 

The  patentee  claims  the  modes,  herein  described,  of  connecting 
the  steps  or  axle-boxes  to  the  framing  of  railway  carriages,  whereby 
the  axles  of  such  carriages  are  enabled  to  shift  their  ]Jositions, 
with  respect  to  the  frames  of  the  carriages,  for  the  purposes  above 
set  forth. 


MANUFACTURE  OF  IRON. 

William  Vickeks,  of  Sheffield,  for,   "  Improtvments  in  the  manu  - 
facture  of  iron." — Granted  June  19;  Enrolled  December  19,  184.7. 

The  improvements  consist  in  melting  pig-iron  with  wrought- 
iron,  an<l  running  the  melted  mixture  (when  divided  into  streams) 
into  water  ;  and  then  converting  the  product  into  malleable,  or 
wrought  iron,  in  the  following  manner  : — Pig-iron  is  to  be  melted 
with  scrap  of  wrought-irou  or  turnings,  in  any  suitable  furnace,  (a 
cupola  furnace  is  recommended)  ;  and  the  proportions  of  wrought- 
iron  with  pig-iron  may  vary  greatly,  l)ut  that  a  very  small  addition 
of  ivrouglit-iron  to  pig-iron,  run  into  water,  will  he  found  to  produce 
a  great  improvement  in  the  quality  of  iron  manufactured  there- 
from.    Sometimes  the  following  proportions  are  employed  : To 

30  parts  of  wrought-iron  are  added  70  parts  of  pig-iron,  by  weight  ; 
and,  although  this  ma}'  not  be  found  to  answer  for  some  purposes' 
it  has  l)een  found  to  answer  well.  If,  however,  the  iron  should  be 
intended  to  be  made  into  steel,  it  will  he  necessary  to  increase  the 
proportion  of  wiought-iron,  by  mixing  with  the  pig-iron  about  40 
per  cent,  of  wrought-iron.  In  the  manufacture  of  iron  intended 
for  general  purposes,  there  may  be  used,  with  advantage,  a  mixture 
of  30  per  cent,  of  scrap  of  wrought-iron,  or  turnings,  with  pig- 
iron ;  and  such  mixture,  when  melted,  may  he  divided  into  small 
streams,  and  run  into  water,  in  any  convenient  manner.  For  this 
purpose,  the  patentee  states  he  lias  used  the  following  arrange- 
ment : — He  takes  a  cast-iron  tray,  perforated  with  holes  of  half- 
an-inch  in  diameter,  and  this  is  lined  about  half-an-inch  thick, 
with  sand  or  composition,  such  as  is  used  for  stopping  cujiola  fur- 
naces with  ;  which  is  punctured  with  holes  about  a  quarter  of  an  inch 
in  diameter — such  punctures  being  immediately  over  the  holes  in 
the  tray,  and  then  the  tray  is  placed  about  15  feet  above  the  level 
of  the  water  in  the  tank  (employed  for  solidifying  the  iron),  which 
is  of  wood,  and  about  4  feet  deep ;  and  the  melted  metal  passing 
from  the  furnace,  througli  the  perforated  tray,  into  the  water  in  the 
said  tank,  will  be  found  therein  in  a  divided  state.  This  product  is 
used  in  the  manufacture  of  wrought-iron,  and  is  treated  the  same 
as  in  the  manufacture  of  wrought-iron  from  pig,  or  refined  iron. 
The  patentee  adds,  that  he  has  used,  with  advantage,  in  tlie  melt- 
ing of  pig-iron  with  wrought-iron,  from  3  to  5  per  cent,  of  black 
oxide  of  manganese,  which  "he  believes  will  he  found  to  be  advan- 
tageous. This  may  be  added  from  time  to  time,  by  placing  small 
pieces  in  the  tuyere  holes — the  blast  dividing  it  in  the  furnace  as 
the  mixture  becomes  melted.  The  patentee  does  not  claim  the 
melting  of  wrought-iron  with  pig,  or  cast-iron,  nor  the  running  of 
melted  cast-iron  into  water,  when  separately  considered  ;  neither 
does  he  claim  the  precise  mode  set  forth,  so  long  as  the  peculiar 
character  of  his  invention  be  retained ;  but  wh;it  he  claims,  is  melt- 
ing pig-iron  with  wrought-iron  scrap,  or  turnings,  and  then  run- 
ning it  into  water,  and  using  the  product  in  the  manufacture  of 
wrought,  or  malleable  iron. 


STEERING  VESSELS. 

William  IIenwood,  of  Portsea,  naval  architect,  for  "  Improve- 
ments in  prDjielliny  i^etuscla,  and  in  steering  vessels." — Granted  Way  t  ; 
Enrolled  November  4,  lfc;47. 

The  first  improvement  in  propelling  and  steering  relates  to  scren  - 
propelled  ships  or  vessels,  and  consists  in  placing  the  screw-pro- 
peller at  the  aft-side  of  the  sternpost,  where  the  rudder  is  in  ves- 
sels generally,  and  in  applying  the  rudder  on  the  fore-side  of  the 
screw-propeller,  in  the  lower  "and  aftermost  part  of  the  run,  and 
below  the  propeller-shaft,  the  rudder  being  substituted  for  the 
same  part  of  the  run  of  the  vessel,  as  shown  in  fig  1.  The  lower 
end  of  the  sternpost  meets  the  keelson,  or  timber  running  under 
the  shaft,  at  about  the  height  of  the  centre  of  the  shaft ;  and  the 
one  may  be  united  very  securely  to  the  other,  by  a  flaiich  or 
flanches  on  the  shaft  cylinder,  let  into  and  bolted  to  the  sternpost 
and  keelson.  This  keelson,  or  timber,  should  be  large  in  siding, 
because  of  the  hole  through  it  for  the  rudder-head  to  pass  through  ; 
and  it  must  have  a  rabbet  to  receive  the  bottom  plank. 

The  propeller  is  connected  with  the  sternpost  and  vessel  very 
firmly  by  a  metal  coupling-box  o,  which  has  a  metal-frame  b,  at- 
tached to  it  for  raising  and  lowering  the  propeller  ;  the  coupling- 
box  and  hoisting-frame  being  formed  with  tongues,  to  slide  in 
metal-faced  grooves  in  the  sides  of  the  sternpost  s,  and  the  coup- 
ling-box having  an  interior  collar,  of  the  utmost  requisite  strength, 
fitted  against  a  corresponding  exterior  collar  round  the  propeller. 
The  union  of  the  propeller  to  the  ship  is  thus  made  abundantly 
strong  for  pressing  the  shaft  into  the  propeller,  and    "backing 
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astern."  An  aftei--bearin;^  for  the  sliaft  may  be  fnrmeil  by  the 
nietal-i-dil  e,  set  up  with  a  screw  to  tlie  stern  ;  wliich  rod  wouhl 
also  form  an  additional  stop  for  the  propeller  on  the  shaft  in  back- 
ing astern.  Or  a  rod  nii^ht  be  attaclied  to  the  upper  and  after- 
part  of  the  lioistinii-franie,  and  set  u])  with  a  screw  to  the  vessel's 
stern  ;  and  a  small  rod  may  be  a|iplied  at  the  aft-side  of  tlie  hoist- 
in^-frauie,  for  iriscrtintt  a  forelock  in  the  end  of  the  sliaft,  to  secure 
the  pr()i)eller  iji  I)ackiufr  astern,  which  forelock  would  revolve  with 
the  shaft  on  the  pin  at  ,r.  The  surface  of  tlie  rudder  may  be  as 
lar^e  as  that  of  the  innnersed  part  of  the  common  rudder,  althoui;h 
!is  the  pressure  of  the  water  on  such  a  rudder  would  be  once  and  a 
half  as  great  as  on  the  common  rudder,  a  nnich  smaller  surface 
would  be  sufficient  for  steerinjj,  and  the  lower  part  might  be  re- 
duced. 


A  large  and  very  strongly  formed  rudder-band  is  fitted  at  the 
ui)i)er  p.^rt  of  the  rudder,  with  a  large  hole  through  it,  of  a  square, 
hexagimal,  or  other  form,  into  which  the  rudder-head  r  is  fitted 
f(U-  turning  the  rudder  ;  the  lower  rudder-bands  might  also  he 
formed  similarly,  and  the  braces  fitted  with  an  internal  ring,  that 
tiie  rudder-head  being  extended  downward  as  a  substitute  for  the 
rudder-pins,  may  revolve  in  the  braces,  whilst  it  is  fixed  in  the 
rudder-bands  for  turning  the  rudder.  The  rudder-head  above  the 
upper  rudder-baud  is  cylindrical,  and  ))asses  through  a  metal  cylin- 
der with  a  stuffing-box-'.  It  then  surrounds  the  propeller-shaft  so 
that  the  rudder  may  turn  sufficiently  in  steering ;  and  it  extends 
to  any  convenient  height  to  receive  the  tiller.  Slu)uld  the  rudder 
be  carried  away  a  temporary  rudder  could  be  applied,  by  taking  up 
the  propeller,  using  sails  only,  and  liaving  the  temporary  rudder 
prepared  with  braces  to  slide  down  the  sternpost  grooves  ;  by  which 
it  would  be  held  securely  to  the  ship,  its  lower  end  being  secured 
with  guys. 

The  advantages  to  be  obtained  from  this  improvement  are,  the 
maximum  effect  of  the  screw-i)ropeller  in  pnipelling  ;  the  avoidance 
of  risk  of  serious  damage  from  a  vessel's  grounding,  and  the  pre- 
servation of  the  strength,  aiul  the  form,  and  the  displacement  of 
the  after-])art  of  a  vessel. 

The  claim  is  for  the  right  of  applying  a  screw-propeller  and  a 
rudder  conjointly  to  a  ship  or  vessel  in  the  positions  above-men- 
tioned, and'  as  shown  in  tlie  engraving.  The  improvement  in  steer- 
ing vessels  consists  also  in  applying  a  similar  rudder  to  a  ship  or 
vessel  not  jiropelled  by  a  screw. 

Such  a  rudder  could  be  either  shipped  or  unshipped  afloat,  by 
attaching  a  water-tight  hose  or  cylinder  to  the  rudder-head  cylin- 
der, so  that  the  rudder-head  r,  with  the  rudder-pin  or  pins  attached 
to  it,  may  be  drawn  up  in  unshipping  the  rudder,  or  replaced  in 
shipping  it.  The  keel  may  extend  under  the  rudder,  as  shown  in 
the  engraving,  to  protect  it  in  grounding. 

The  advantages  of  such  a  rudder  are,  much  less  first  cost,  inde- 
finite durability,  through  being  abvays  under  water,  being  below 
the  impulsi-s  of  waves,  so  that  tlie  steering  would  be  uniformly 
steady,  and  without  hazard  to  the  helmsman,  both  when  a  ship  is 


laden,  and  when  she  is  light ;  and  it   is  quite  below  the  reach  of 
shot. 

Another  improvement  in  propelling  vessels  consists  in  making 
that  part  of  the  immersed  volume,  which  is  abaft  the  vertical  and 
transverse  plane  in  wliicli  the  centre  of  gravity  of  the  vessel  is,  of 
such  a  form,  tliat  the  longitudinal  staliility  of  the  after-eud  of  the 
vessel  may  be  jiractically  equal  to  that  of  the  fore-end  : — in  order 
that  the  pitching  motion,  so  far  as  it  may  be  caused  by  the  form  of 
the  immersed  volume,  may  be  prevented ;  and  that  there  may  be 
the  least  possilile  resistance  of  the  water  to  the  propelling  power. 
This  is  of  especial  importance  in  screw-propelled  vessels,  because 
pitcliing  raises  the  screw  above  the  waters  surface. 

The  equal  staliility  of  the  fore  and  the  after-ends  of  a  ship,  is 
obtained  by  making  the  area  of  the  load-water  section  abaft  the 
above-mentioned  vertical  and  transverse  plane,  eipial  to  the  area 
of  the  remaining  part  of  the  same  water  section,  on  the  fore-side 
of  the  same  plane  ;  and  the  moments  of  those  areas,  from  the  same 
vertical  and  transverse  plane  also  equal;  and  by  forming  the  lower 
horizontal  sections  m-  water-lines  in  a  similar  manner  ;  or  so  that 
the  cubic  contents  of  the  immersed  volumes,  on  eacli  side  of  the 
same  vertical  and  transverse  plane,  and  the  nujments  of  the  same 
immersed  volumes  from  the  same  plane,  sliall  likewise  be  equal, 
the  one  respectively  to  the  other.  A  vessel  of  remarkably  beauti- 
ful form  may  thus  be  produced.  As  the  propelling  power  of  the 
wind  on  the  sails  always  depresses  the  fore-end  of  a  ship,  when  it 
impels  her  onward,  just  as  it  depresses  the  lee-side,  when  the  wind 
acts  obliquely,  it  appears  contrary  to  the  dictates  of  reason  and  of 
science,  that  ships  should  have,  as  they  commonly  have,  less  sta^ 
bility  at  the  fore-end  than  at  the  after-end.  By  nuiking  the  stability 
equal  at  both  ends  of  a  ship  the  pitching  would  be  reduced  to  the 
least  possible  degree,  the  propelling  power  would  produce  greater 
speed,  the  decks  or  gnu-platforms  would  be  kept  more  nearly  in 
their  horizontal  positions,  and  the  dangers  and  discomfort  and  ex- 
pense of  "  wear  and  tear,"  in  rough  weather,  would  be  materially 
diminished. 

The  claim  is  for  making  ships  or  vessels  of  the  form  above  de- 
scribed, so  that  the  longitudinal  stability  of  the  foi'e-end  may  be 
practically  equal  to  that  of  the  after-end. 


LOCOMOTIVE  ENGINES. 

Thomas  Russell  CKAJiPTo>f,  of  Adam-street,  Adelphi,  engi- 
neer, for  "  Improvements  in  locomotive  enyines." — Granted  June  19  ; 
Enrolled  Dec.  19,  181.7. 

The  improvements  relate  to  the  construction  of  the  locomotive 
engine. 

'riie  first  improvement  consists  in  introducing  two  pairs  of 
driving-wlieels,  one  pair  to  be  placed  behind  the  fire-box,  and  the 
other  pair  forward,  in  such  manner  that  the  weight  of  the  boiler 
and  machinery  may  be  borne  equally  by  each  pair  of  driving- 
wheels.  By  this  arrangement,  the  adhesion  of  the  wheels  upon 
the  rails  will  be  more  uniform.  The  two  pairs  of  driving-wheels 
are  to  be  connected  on  the  side  by  rods  in  the  usual  manner,  or 
connected  separately  to  the  driving  cylinders,  or  in  any  other  con- 
venient manner.  The  mode  preferred  by  the  patentee  is  shown  in 
the  seventh  improvement.  If  it  be  desirable  to  construct  the 
engine  with  six  or  more  wheels,  the  patentee  proposes  to  ])lace 
them  between  the  two  pairs  of  driving-wheels,  but  recommends 
that  they  should  bear  but  little  of  the  weight,  by  the  employment 
of  light  elastic  springs. 

The  second  improvement  is  in  the  construction  of  the  fire- 
boxes, for  tlie  reception  of  the  axles  of  the  driving-wheels,  the 
driving-wheels  of  the  locomotive  engine  being  placed  more  forward 
than  the  back  of  the  fire-box.  If  large  wheels  are  to  be  used,  a 
recess  is  to  be  formed  transversely  in  the  upper  part  of  the  fire- 
box for  the  axle  ;  and  for  smaller  wheels,  a  recess  is  to  be  formed 
in  the  lower  part  of  the  fire-box  :  this  latter  arrangement  divides 
the  fire-bars  into  two  parts.  By  either  arrangement,  the  heating 
surface  of  the  interior  fire-box  is  increased,  and  the  evaporative 
power  of  the  boiler  augmented. 

The  third  and  fourth  improvements  consist  in  such  arrangement 
of  the  various  parts  of  the  locomotive,  that  the  axle  of  tlie  fore  or 
leading  wheels  may  have  outside  bearings,  and  the  axle  of  the 
drawing  or  after-wheels  behind  the  fire-bo.x,  inside  bearings. 

The  fifth  improvement  consists  in  placing  the  eccentrics  for 
working  the  valves  on  the  outside  of  tiie  driving-wheels,  by  elon- 
gating the  axle  some  distance  through  the  boss  of  the  driving- 
wheels  ;  the  crank-pin,  instead  of  being  fixed  to  the  boss  of  the 
driving-wheel,  is  fixed  to  a  suparate  crank  fastened  to  the  end  of 
the  elongated  part  of  the  axle,  leaving  sufficient  space  between 
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the  crank  and  the  boss  of  the  wheel  for  the  reception  of  the  ec- 
centrics upon  the  axle. 

The  sixth  improvement  is  for  transmitting  the  power  from 
the  steam  cylinders  to  the  driving-wlieels,  by  introducing  a  vibra- 
tory shaft  in  the  centre  between  the  driving-wheels,  as  shown  in 
the  annexed  figure.     The  steam  cylinders  a  are  fixed  to  the  under- 


side of  the  boiler,  with  short  connecting-rods  6,  which  act  on 
cranks  or  levers  keyed  on  to  the  central  shaft  c  ;  and  on  the  ends 
of  the  latter  are  two  arms  or  levers  d  d,  which,  through  the  two 
connecting-rods  ee,  cause  the  two  driving-wheels// to  revolve. 

LIGHTING  BY  ELECTRICITY. 

William  Edwards  Staite,  of  Lombard-street,  gentleman,  for 
"  certain  Improxtements  in  lighting,  and  in  the  apparatus  or  appara- 
tuses connected  therewith." — Granted  July  3,  18+7  ;  Enrolled  Janu- 
ary 3,  184.8.     [^Reported  in  the  Mechanics'  Magazine.~\ 

This  invention  relates  to  a  method  of  lighting  by  electricity,  as 
shown  in  the  annexed  engravings.     Fig.  1,  an  external  elevation  of 

Fig.  2 


the  apparatus  ;  fig.  2,  a  sectional  elevation  on  the  line  Wx  (fig.  3)  ; 
and  fig.  3,  a  horizontal  plan  on  the  line  y  z  (fig.  1).  The  patentee 
describes  his  apparatus  as  follows  : — 

M,  and  N,  are  two  cylinders  of  carbon,  prepared  as  is  afterwards 
described,  which  are  used  as  the  electrodes,  that  is  to  say,  the  cur- 
rent of  electricity  is  passed  from  one  to  the  other  as  tliey  stand 
end  to  end,  tlieir  ends  being  separated  by  an  interval  of  from  less 
than  one-twentieth  to  about  half  an  inch,  according  to  tlie  power 
of  the  electric  current  used.  The  upper  electrode,  N,  is  passed 
vertically  through  a  hole  in  the  summit  of  the  metallic  support,  or 
tripod,  K,  and  fixed  by  binding  screws.  The  lower  ends  of  the 
legs  of  the  tripod  are  passed  through  holes  in  the  circular  main- 
plate,  A,  of  the  apparatus,  and  secured  in  their  positions  by  collars 
and  nuts,  but  are  carefully  prevented  from  coming  into  metallic 
contact  with  the  plate  A,  by  means  of  washers  a  a,  of  some  dry, 
hard,  non-conducting  wood.  The  legs  terminate  at  bottom  in  set 
screws  L  L,  which  connect  them  with  a  conducting  wire,  which 
passes  round  tlirough  tlie  extremities  of  all  the  legs,  and  is  con- 
nected with  one  end  of  the  coil  of  the  regulator  R.  The  other  end 
of  this  coil  is  led  to  a  clamp  B-,  with  a  set  screw  fixed  at  one  side 
of  the  square  wooden  basement  B,  on  which  the  whole  of  the  appa- 
ratus is  built,  and  which  is  mounted  on  four  short  supports,  bbb  b, 
at  its  corners,  to  allow  room  for  some  parts  of  the  appaiatus  which 
project  below  tlie  basement.  The  main-plate  A  is  firmly  attached 
to  the  basement  B,  by  four  pillars,  cccc.  C,  and  D,  are  cones 
which  spring  from  opposite  sides  of  the  apparatus,  their  common 
axis  passing  at  right  angles  through  the  centre  of  the  main-plate, 
A  which  is  bored  out  for  the  purpose.  The  apices  of  these  cones 
are  perforated,  to  admit  the  perpendicular  central  shaft,  O,  which 
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has  a  socket  for  receivinfr  and  lioldiii^  the  lower  electrode 
M,  at  its  iii)i)er  eiul  ;  ami  this  socket  is  furnished  with  set 
screws  for  seciiriiii;  the  electrode  in  an  ii))rif;ht  position  in 
its  centre,  even  thoufjjh  that  electrode  should  hajipen  to  be 
of  smaller  size  than  the  socket.  At  the  bottom  the  socket 
is  made  of  a  conical  form,  in  order  to  kee]i  the  lower  end 
of  the  electrode  steady  and  concentric,  so  that  it  may  be 
properly  adjusted  by  the  set  screws,  (/(/.  Tliis  shaft  O  has 
a  smootli  straiffht  part,  below  its  socket,  for  a  lenffth  equal 
to  the  distance  between  the  apices  of  the  fixed  cones,  C 
and  1),  which  is  equal  to  the  amount  of  rise  wliich  the 
shaft  admits  of,  to  compensate  for  tlie  wear  or  shorteuing 
of  one  of  the  electi'odes,  while  the  li^iht  is  in  action;  this 
smootli  part  of  the  shaft  nio\  iiifi-  freely  thrcuiffh  tlie  hole 
in  the  apex  of  the  u])per  cone.  Below  this  smooth  part 
the  shaft  is  continued  for  an  equal  lenffth,  screwed  ;  the 
threads  of  the  screw  {jivinar  about  one-twelfth  of  an  inch 
of  rise  for  every  turn.  This  screwed  part  works  through 
a  nut  c,  which  is  set  tijfht  in  tlie  apex  of  the  under  cone 
D,  and  passes  dow  n  the  centre  of  a  hollow  cylinder  or 
tube  P,  w  hich  is  slotted  internally  (as  shown  at././'  in  figs. 
'2  and  '.i).  A  little  cross  piece  of  metal,  Q,  is  set  tight  on 
the  bottom  of  the  shaft  (),  by  being  screwed  fast  into  its 
end,  and  tliis  cross-piece  Q  (which  is  afterwards  more  par- 
ticularly ilescribed)  fits  across  the  tube  P,  taking  into  the 
slots  or  grooves  on  each  side,  so  that  it  can  slide  up  or 
down  in  them.  Allien,  therefore,  the  tube  P  is  made  to 
revolve,  it  carries  the  shaft  O  round  with  it,  by  means  of 
the  sliding  cross-jiiece  (},  and  makes  it  to  rise  or  sink  by 
its  screw  working  in  the  fixed  nut  p,  so  that  the  shaft  C), 
carrying  the  electrode  M  in  its  socket,  has  a  rotary  motion 
combined  with  its  vertical  motion,  for  the  purpose  of 
equalizing  the  wear  of  the  electrodes  on  all  sides.  The 
tube  P  turns  on  a  pivot  //,  which  works  in  the  bottom  of  a 
circular  box  of  metal  H,  which  is  screwed  into  a  hole  of 
sufficient  size  in  tlie  bottom  of  the  brass-plate  G,  which  is 
fixed  to  tlie  upper  surface  of  the  wooden  basement  B. 
The  touching  surfaces  at  the  pivot;/  are  coated  with  sil- 
ver, as  tliat  metal  jiresents  a  surface  peculiarly  fitted  for 
receiving  the  current  of  electricity.  The  upper  end  of 
the  tube  P  receives  the  outer  p,art  of  the  fixed  nut  e,  on 
which  the  tube  turns,  and  is  steadied  as  on  an  axis.  On 
the  ujiper  part  of  the  tulie  P,  a  worm-wheel  S,  carrying 
forty  teeth,  is  attached,  which  is  made  to  revolve  by  a 
horizontal  double-thread  tangent-screw  T,  the  pitch  radius 
of  which  is  one-tenth  of  an  inch.  To  one  end  of  the 
screw  is  attached  a  crown-wheel  U,  carrying  forty  teeth, 
which  is  actuated  by  pinions  V  and  W,  on  an  upright  spin- 
dle X.  The  pinions  are  at  a  somewhat  greater  distance 
apart  than  the  diameter  of  the  crown-wheel  U,  and  gear 
into  it  from  opposite  sides,  so  that  when  the  spindle  X  is 
raised  a  little,  tlie  lower  pinion  V  (having  eight  teeth),  is 
into  the  lower  side  of  the  crown-wheel ;  but  when  the  spindle  is 
sunk,  the  lower  pinion  is  thrown  out  of  gear,  and  the  upper  pinion 
W  gears  into  the  u])per  side  of  the  crown-wheel ;  and  the  spindle 
continuing  to  revolve  in  the  same  direction  as  before,  imparts  a 
reversed  rotation  to  the  crown-wheel.  When  the  spindle  is  kept 
at  a  medium  degree  of  elevation,  neither  of  tlie  pinions  is  in  gear 
with  the  crown-wheel,  so  that  it  remains  quiescent.  This  spindle 
X  is  kept  in  its  position  by  working  through  a  hole  in  the  middle 
plate,  F,  of  the  apparatus,  which  plate  is  attached  firmly  to  three 
of  the  pillars  c.  The  upper  end  of  the  spindle  works  through  a 
hole  in  the  centre  of  the  bottom  of  a  circular  brass  box  I,  which  is 
fixed  to  the  side  of  the  under  cone  D,  or  to  the  under  side  of  the 
main-plate  A.  The  box  I  contains  a  centrifugal  regulator  Y,  which 
consists  of  a  bit  of  watch-spring  bent  into  the  form  of  the  letter  S, 
carrying  two  little  weights  /;  h  at  its  ends,  and  fixed  horizontally 
across  the  top  of  the  spindle  by  the  middle  part  of  the  spring, 
which  fits  into  a  cleft  in  the  to])  of  the  spindle,  and  is  secured  by  a 
small  nut.  When  the  spindle  is  made  to  revolve  too  fast,  the 
weights  at  the  end  of  the  spring  fly  outwards  by  their  centrifugal 
force,  and  begin  to  touch  and  rul>  against  the  sides  of  the  circular 
box  I,  which  friction  checks  the  motion.  This  description  of  go- 
vernor ))reserves  the  motion  more  uniformly  than  the  ordinary  sort 
of  fly,  which  acts  by  the  resistance  of  tlie  air.  Just  below  this 
centrifugal  governor  there  is  a  cross-piece  ),  inserted  through  a 
transverse  hole  in  the  spindle  X,  so  that  when  the  spindle  is  at  its 
medium  degree  of  elevation,  that  is  to  say,  when  its  two  pinions  V 
and  W  are  neither  of  tliem  in  gear  with  the  crown-wheel,  the  ends 
of  the  cross-piece  i  meet  a  stop  /c,  which  may  project  from  any  fixed 
part  of  the  apparatus,  such  as  the  cone  D,  and  so  stop  the  revolu- 
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tions  of  the  spindle  ;  while,  as  soon  as  the  spindle  is  raised  or  low. 
ered,  the  cross-piece  i  no  longer  meets  the  stop  k,  but  passes  over 
or  under  it,  amd  allows  the  spindle  to  commence  its  revolutions 
just  before  one  of  the  pinions  gears  into  the  crown-wheel.  The 
spindle  X  is  actuated  and  kept  with  a  constant  tendency  to  revolve 
in  one  direction  by  a  toothed  wheel  Z,  keyed  on  to  it  just  below  the 
middle  plate  F,  and  this  wheel  is  driven  by  a  train  of  wheelwork 
W',  supported  lietween  the  middle  and  bottom  plates  F  and  G, 
similar  to  ordinary  clockwork,  and  which  is  driven  by  a  spring  in  a 
barrel  /,  acting  on  a  fusee  vi,  driven  by  a  cord  or  chain ;  or  the 
wheelwork  may  have  any  other  contrivance  as  its  prime  mover,  as, 
for  instance,  a  common  barrel  with  a  cord  and  weight.  The  wheel 
Z  is  of  such  thickness  that  the  motion  up  and  down,  which  the 
spindle  X  admits  of,  will  not  ungear  it  from  the  next  wheel  in  the 
driving  train. 

The  mode  in  which  the  spindle  X  and  its  pinions  are  raised  or 
lowered,  so  as  to  vary  the  motion  of  the  crown-w  heel  U,  and  thereby 
of  the  electrode  M,  according  to  the  exigencies  ot  the  light,  is  as 
follows: — The  bottom  of  the  spindle  X  terminates  just  below  the 
driving-wheel  Z,  and  rests  on  a  plate  of  ivory  ji,  which  is  supported 
on  a  short  upright  stem  of  brass  o,  w  hich  has  its  lower  end  screwed 
into  a  hole  in  the  top  of  a  solid  cylinder  of  soft  iron,  p.  This  iron 
can  move  freely  up  and  down  in  the  central  hole  of  a  reel  ij,  round 
which  a  quantity  of  insulated  copper  wire  is  wound:  one  end  of 
this  wire  is  led  to  the  binding  screw  B,  as  before  mentioned,  w  hich 
connects  it  with  the  ])ositi\e  wire  of  the  galvanic  regenerators, 
and  the  other  end  to  the  wire  which  passes  through  the  binding 
screws  L.  The  reel  q  of  the  regulator  is  fixed  firmly  to  the  wooden 
basement  B,  and  a  cap  r  of  soft  iron  fits  over  it ;  but  the  iron  of 
the  cap  does  not  extend  quite  to  the  centre  of  the  hole  in   it 
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(througli  wliich  the  brass  stem  n  passes),  tlie  central  part  of  the 
top  of  the  cap  being'  of  brass  soldered  to  the  iron,  of  one-half  of 
the  diameter  of  the  iron  cap  itself.  The  action  of  the  electricity 
in  tlie  coil  of  the  regulator  11  causes  the  iron  centre  p  to  rise  or 
fall,  according  to  the  quantity  of  electricity  passing,  and  in  so 
doing,  the  spindle  X,  which  rests  on  it,  to  rise  or  fall  with  it. 
There  is  a  little  eye  attached  to  tlie  bottom  of  the  iron  centre,  to 
which  is  suspended  a  co>interpoise  F'  (an  assortment  of  such  coun- 
terpoises being  kept  for  use),  of  such  weight  as  to  allow  the  iron 
centre  to  be  just  in  equilibrium,  or  just  ready  to  rise,  when  the 
distance  between  the  electrodes  is  such  as  to  allow  the  electric  cur- 
rent to  flow  freely  enough  to  produce  a  steady  and  certain  light. 
There  is  also  a  little  ledge  .«,  around  the  lower  end  of  the  iron 
centre,  on  which  rests  a  disc  t,  of  brass,  of  about  the  size  indicated 
in  the  drawing,  fig.  2;  which  (when  tlie  iron  centre  falls  below  the 
neutral  point)  becomes  supported  around  its  outer  edge  by  a  circle 
of  brass  u,  and  is  left  behind  on  it,  when  the  iron  centre  continues 
to  descend,  thus  relieving  it  of  its  weight ;  while  on  the  other 
hand,  if  the  iron  centre  is  disposed  to  rise  above  the  neutial  point, 
it  has  to  lift  the  whole  weight  of  the  brass  disc  t.  This  arrange- 
ment gives  the  iron  centre  a  tendency  to  remain  stationary  at  the 
neutral  point,  which  is  that  point  at  which  the  elevation  of  the 
spindle  X  enables  the  cross-arm  i  to  come  into  contact  with  the 
stop  A',  and  arrest  the  rotation,  and  so  prevent  unnecessary  work- 
ing of  the  machinery,  until  the  electric  current  has  varied  so  much 
as  to  render  desirable  an  adjustment  of  the  distance  between  the 
electrodes ;  which  the  iron  centre  effects,  as  before  described,  by 
rising  or  falling. 

The  neutral  position  at  which  the  iron  centre  p  should  rest,  is 
when  the  top  of  the  iron  centre  is  as  far  below  the  top  of  the  regu- 
lator reel  as  is  represented  in  fig.  2. 

The  brass  ring  u,  which  supports  the  equilibrium  weight,  that  is 
the  brass  disc  t,  is  secured  at  the  proper  height  by  being  attached 
to  a  suflSciently  stiff  strip  of  brass  ir,  of  a  certain  length,  and  which 
is  fixed  by  its  other  end  to  the  other  side  of  the  wooden  basement 
B.  The  brass  ring  u  can  be  adjusted  to  the  requisite  height  e.\- 
actlv,  after  the  apparatus  is  made,  by  a  niilled-headed  screw  pass- 
ing thi'oiigh  the  wooden  basement,  and  screwing  down  on  the  sup- 
])orting  brass  strip  (not  far  from  u),  so  as  to  depress  it  to  the  right 
position. 

The  sliding-  cross-piece  Q,  before  adverted  to,  is  constructed  in 
the  manner  separately  represented  in  fig.  4.  A  spring  Q  (of  thin 
hard  brass,  for  instance,)  is  attached  to  one  side  of  the  cross  part 
by  a  small  screw,  so  that  when  the  cross-piece  is  placed  in  the  slots 
of  the  tube  P,  the  spring  always  remains  in  close  though  not  forci- 
ble contact  against  the  sides  of  the  slots,  so  as  to  insure  a  good 
conductitm  to  the  electric  current  which  has  to  tra\'erse  the  shaft, 
aiul  enter  from  the  cross-piece  into  the  slotted  tube. 

The  tangent-screw  T  is  made  not  quite  horizontal,  hut  inclined 
at  an  angle  of  one  in  twenty,  because  the  lower  pinion  V  is  smaller 
than  the  upper  one ;  and  therefore  it  is  necessary  that  the  lower 
edge  of  the  crown-wheel  U  should  be  tilted  nearer  to  the  axis  of 
the  spindle  X.  The  lower  pinion  is  made  smaller,  in  order  that  it 
may  the  better  wind  down  the  main  shaft  O,  after  it  has  screwed 
itself  up,  until  the  ends  of  the  electrodes  come  into  firm  contact, 
le^t  it  should  stick  in  that  position. 

The  screw  No.  1,  which  fastens  the  stand  3  of  the  tangent- 
screw  to  the  middle  plate  F,  passes  through  a  hole  4,  enlarged  side- 
ways in  the  stand  ;  so  that  by  only  loosening  the  screw  1,  the  stand 
may  turn  on  the  other  screw  2,  as  a  centre,  so  as  to  allow  of  the 
tangent-screw  T  being  adjusted  to  the  right  distance  from  the 
centre  of  the  wheel  S,  in  order  that  it  may  work  properly  into  its 
teeth,  or,  \i  hen  required,  to  throw  the  tangent-screw  out  of  gear 
with  it  altogether. 

The  thread  of  the  screw  of  the  main  shaft  O,  should  be  of  a 
square  form,  so  that  it  shall  work  with  as  little  friction  as  may  be, 
when  supporting  the  weight  of  the  shaft  and  electrode. 

A  cone  of  white  glass  or  porcelain,  E',  is  made  to  slip  over  the 
upper  cone  C  of  the  main  plate,  and  is  turned  up  at  the  edges  (as 
shown  in  figs.  1  and  2),  to  reflect  the  light  better,  and  to  catch  any 
dust  and  ash  which  may  be  thrown  off  from  the  electrodes. 

A  glass  shade,  which  may  be  ground  partially  or  not,  as  desired, 
fits  oier  the  electrodes,  M  and  N,  and  the  stand  K,  and  is  screwed 
down  to  the  main-plate  A,  by  the  brass  circle  E,  into  whicli  its 
lower  edge  is  cemented,  whereby  the  electrodes  are  enclosed  en- 
tirely from  the  outer  air.  As  soon  as  they  have  exhausted  the 
oxygen  which  is  within  the  glass  shade,  they  are  no  longer  so  rapidly 
consumed.  When  the  electrodes,  however,  are  composed  of  some 
inferior  sorts  of  carbonaceous  preparations  they  give  light  more 
steadily  if  a  very  small  quantity  of  atmospheric  air  is  continually 
allowed  to  enter;  that  is  to  say,  just  sufficient  to  burn  away  the 


I  button  of  carbon  which  sometimes  forms  on  the  end  of  that  elec- 
trode which  is  not  undergoing  decomposition  by  the  electric  cur- 
rent. \V^hen  there  are  no  holes  in  the  glass  shade  to  admit  of  a 
small  quantity  of  atmospheric  air,  two  light  valves  may  be  inserted 
in  the  main  plate  A,  one  opening  inwards  and  the  other  outwards, 
which  would  provide  for  the  varying  pressure  of  the  air  when  the 
temperature  is  altered  by  the  presence  or  absence  of  the  light 
within. 

The  coil  of  insulated  wire  of  the  regulator  R,  should  be  composed 
of  wire  of  such  thickness  as  to  conduct  the  electric  current  quite 
freely.  For  an  apparatus  of  the  size  represented  in  the  engravings 
it  may  be  about  three-sixteenths  of  an  inch  in  diameter ;  but  if 
electrodes  of  a  larger  size  are  employed,  the  wire  should  be  pro- 
portionally increased  in  thickness,  and  the  regulator  R,  made  as 
large  as  the  dimensions  of  the  apparatus  will  admit  of,  in  order 
that  the  reel  should  take  a  sufficient  number  of  turns  of  the  thick 
wire ;  for  with  wires  too  thin,  considerable  heat  is  evolved  from 
them  when  transmitting  the  current.  Two  circular  brass  weights, 
an,  fitone  over  the  other  around  the  iv(u-y  top  »», which  carries  the 
pivot  of  the  spindle  X ;  their  use  is  to  enable  an  easier  and  more 
precise  adjustment  of  the  weight  on  the  iron  centre  than  can  be 
effected  by  altering  the  large  weight  F',  which  is  hung  at  the  bot- 
tom of  the  iron  centre. 

When  it  is  intended  to  use  small  currents  of  electricity,  the 
spindle  X,  and  all  its  appurtenances,  should  be  made  very  light, 
and  the  iron  centre  may  for  the  same  object  be  made  hoUow  with 
advantage  ;  its  sides,  however,  should  Jiot  be  less  than  one-twelfth 
of  an  inch  in  thickness.  , 

The  electric  current  may  be  obtained  from  a  galvanic  apparatus 
of  any  of  the  known  sorts,  or  from  any  other  convenient  source; 
and  it  may  be  used  of  various  intensities  and  quantities.  A  good 
degree  of  intensity  to  use,  is  such  as  would  be  afforded  by  one 
hundred  cells  in  a  series  of  the  usual  sort  employed  in  galvanic 
apparatuses  ;  and  the  quantity  of  the  current  may  vary  from  that 
evolved  by  the  consumption  of  less  than  one-and-a-half  grains  of 
zinc  per  minute  in  each  cell,  to  that  evolved  by  the  consumption  of 
more  than  fifteen  grains  of  zinc  per  minute. 

The  wire  from  the  positive,  that  is,  the  zinc  pole  of  the  gah-anic 
apparatus,  is  clamped  with  the  binding  screw  at  B-,  which  serves 
as  the  conductor  through  the  regulator  coil,  and  then  up  to  the 
upper  electrode  N.  The  wire  from  the  other,  or  negative  pole  of 
the  galvanic  apparatus,  is  to  be  clamped  with  the  other  binding 
screw  at  B-',  whicli  is  connected  by  a  slip  of  metal  (copper)  to  the 
bottom  plate  G  of  the  apparatus,  so  that  the  current  passing  from 
the  lower  end  of  the  upper  electrode  N  to  the  top  of  the  lower 
electrode  M,  then  traverses  the  central  shaft  O,  passes  through  the 
cross  piece  Q,  at  its  lower  end,  into  the  slotted  tube  P,  and  thence 
through  its  pivot  at  bottom  into  the  metallic  box  or  cavity  H, 
which  being  in  metallic  connection  with  the  bottom  plate  G,  leads 
the  current  to  that  plate  and  thence  by  the  slip  of  co])per  to  the 
other  clamp,  from  which  it  passes  in  return  circuit  through  the 
negative  wire  of  the  galvanic  apparatus.  The  current,  when  first 
applied  with  the  electrodes  in  contact,  flows  freely,  and  that  causes 
the  regulator  (being  properly  weighted)  to  raise  the  spindle  X,  and 
thus  put  the  apparatus  into  gear  for  screwing  the  centre  shaft  O 
downwards,  and  gradually  separating  the  electrodes,  whereupon 
the  light  begins  to  appear  between  them. 

The  patentee  then  describes  the  method  of  preparing  the  carbon 
for  his  electrodes  : — About  equal  quantities  are  taken  of  coal  of  a 
medium  quality,  and  of  the  prepared  coke,  known  as  "  Church's 
Patent  Coke,"  and  both  reduced  to  a  state  of  fine  powder  and  inti- 
mately mixed  together.  The  mixture  is  then  placed  in  close 
wrought-iron  moulds,  which  may  be  made  either  to  give  the  mix- 
ture the  form  of  a  block,  to  be  afterwards  cut  into  pieces  of  the  re- 
quired shape,  or  to  give  at  once  to  the  mixture  the  form  of  the  in- 
tended electrode.  In  all  cases  it  preferred  to  make  the  moulded 
mass  of  not  more  than  3  or  4  inches  in  its  least  diameter,  for  when 
larger  it  is  liable  to  have  fissures,  and  not  to  be  of  such  uniform 
density.  The  mixture  being  placed  in  these  moulds,  is  subjected 
to  heat  and  heavy  pressure  until  it  becomes  consolidated  into  a 
very  dense  and  firm  mass.  And  when  the  mass  is  in  a  heated  state 
it  is  plunged  into  sugar,  melted  by  beat  (without  the  aid  of  any 
liquid,)  and  kept  therein  for  a  short  period.  It  is  then  taken  out 
and  allowed  to  become  cold,  when  it  is  placed  amongst  pieces  of 
charcoal  in  a  close  vessel,  which  is  gradually  heated  until  it  attains 
a  full  red  heat,  after  which  the  temperature  is  increased  to  an  in- 
tense white  heat ;  at  which  it  should  be  kept  for  many  hours,  or 
even  two  or  three  days,  according  to  the  hardness  and  compactness 
desired.  Or  the  mass  may  be  a  second  time  immersed  in  the  melted 
sugar  while  hot,  and  the  remainder  of  the  process  be  again  repeated 
as  before. 
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By  coating  the  mass  in  t)iis  way  witli  melted  siipar,  any  pores 
that  may  be  in  it  (on  its  external  surface  at  least),  are  filled  nji 
with  carbonaceous  matter,  and  any  subsequent  drying  rendered  un- 
necessary. 

The  following  the  patentee  states  to  be  the  best  dimensions  for 
the  electrodes  : — The  lower  electrode  should  be  as  long  as  can  be 
conveniently  manufactured  (8  inches  for  instance,)  when  used  for 
ordinary  purposes,  and  it  should  be  of  a  cylindrical  form.  The 
smaller' the  diameter  is,  the  better  the  liglit ;  but  the  larger  the 
electrode  is  (in  cross  section),  the  longer  it  will  last  with  a  given 
current  of  electricity.  The  upper  electrode  need  not  be  of  any 
great  length  ;  it  is  well,  however,  to  have  it  about  one-tliird  as  long 
a.s  the  lower  one,  and  of  half  the  diameter. 

The  patentee  concludes  his  specification  with  the  following  ac- 
count of  a  method  of  employing  currents  of  electricity  to  actuate 
apparatus  for  effectinij  tlie  speedy  lighting  up  and  extinction  or 
obscuration  of  signal  lamps  in  which  oil,  camphine,  or  other  like 
inflammable  fluid  is  the  illuminating  substance  employed  : — Sup- 
pose, for  example,  tliere  are  three  such  lam])s  with  diff'erent  coloured 
glasses,  say  white,  green,  and  red,  which  are  required  to  be  some- 
times lighted,  and  at  other  times  extinguished  or  obscured,  as  is 
usual  on  railways,  and  not  all  at  once,  but  in  a  particular  order  of 
sequence,  or  each  under  particular  circumstances  only,  I  efl'ect  this 
in  the  following  manner.  The  three  coloured  signal  lamps  are 
placed  side  by  side,  or  they  may  be  placed  one  above  the  other.  A 
sectional  elevation  of  one  of  these  is  given  in  fig.  5.     A'  is  a  bar  of 


Fig.  S. 

metal,  having  a  drop  bar  B',  attached  to  it.  These  bars  are  for  tin; 
purpose  of  working  three  extinguishers,  one  to  each  lamp.  The 
figure  shows  one  of  these  extinguishers  as  applied  to  a  lamp  ;  the 
dotted  lines  in  the  figure  indicate  the  jjosition  which  it  assumes 
when  raised  up.  The  drop  bar  B'  is  attached  to  a  clockwork 
escapement,  the  detent  of  which  is  alternately  retained  and  liberated 
by  the  passage  of  electric  current,  and  by  its  mechanical  force 
raises  up  the  l)ar  B',  and  causes  the  light,  in  whichever  lamp  it  may 
be,  to  be  put  out.  The  three  extinguishers  are  made  to  move  to- 
gether, to  save  the  necessity  of  each  being  provided  witli  a  separate 
extinguishing  mechanism.  In  the  centre  of  the  burner  of  each 
lamp  is  a  ring«,  of  fine  platinum  wire,  which  is  so  contrived  as  to 
touch  the  wick  of  the  lamp,  and  the  current  of  electricity  being 
made  to  pass  tlirough  tliis  platinum  ring,  it  becomes  intensely 
heated,  and  tlierel)y  ignites  the  wick  of  the  lam]).  I  do  not  restrict 
myself,  however,  to  the  employment  of  platinum  wire,  as  carbon 
for  this  purpose  may  be  used,  or  any  other  difficultly-fusible  mate- 
rial;  neither  do  I  limit  myself  to  the  employment  of  a  ring  of  any 
particular  form.  The  wick  may,  for  instance,  be  a  flat  wick,  and 
in  that  case  a  straight  piece  of  wire  would  be  suitable  for  the  ar- 
rangement. 


ARTIFICIAL  FUEL. 

BoNDV  AzuLAY,  of  Ilotherliithe,  Surrey,  printer,  and  AnitAiiAir 
Soi.oMo.vs,  of  London,  mercliaiit,  for  ^^  Iniproremi'iitK  in  thf  riiiiiiii- 
fiirtiire  of  rharaml  (iiid  otlirr  fuel." — Granted  June  10  ;  Enrollcil 
"Dec.  10,"l8i7. 

This  invention  relates,  first,  to  the  manufacture  of  charcoal, 
to  avoid  waste  caused  by  breaking  it.  This  is  effected  by  reducint; 
the  waste  to  powder,  and  then  compressing  it,  by  an  hydraulic 
press  or  other  apparatus,  in  moulds,  until  the  mass  is  reduced  to 
from  one-fifth  to  one-eighth  of  its  original  liulk. 

The  second  invention  relates  to  making  fuel  of  small  coal, 
breeze,  coke,  and  cinders,  with  or  without  charcoal,  l)y  pulverizing 
the  whole,  and  then  compressing  the  powder  into  blocks. 

The  third  invention  relates  to  making  a  fuel  for  lighting  fires, 
by  mixing  charcoal  powder,  small  coal,  breeze,  coke,  and  cinders 
(all  or  any  of  them),  with  tar,  pitch,  resin,  or  other  suitable  in- 
flammable substance,  and  compressing  the  mixture  in  moulds;  and 
when  taken  from  the  mould,  the  block  is  dipped  in  tlie  tar,  &c., 
and  covered  with  saw-dust  and  wrapped  in  waste  ))aper :  a  block 
so  prepared  will  readily  ignite  on  the  application  of  a  lighted 
match. 


M^\TER  GAUGE. 

Alfred  Vincent  Newton,  of  66,  Chancery-lane,  Middlesex, 
mechanical  draughtsman,  for  "  Improivd  iipparntiiK  to  be  applied  to 
steam-boilers." — Granted  April  15;  Enrolled  Oct.  15,  1847.  (A 
communication.) 

The  principle  upon  which  the  apparatus  is  constr\icted  is  that 
of  a  percussive  horizontal  action  of  a  flat  surface  upon  a  portion 
of  the  water  to  be  gauged.  One  form  of  apparat\is  on  this  prin- 
ciple is  shown  in  the  annexed  engravings,  figs.  1  and  2,  lieing  an 
external  view  and  section,     a,  the  steam-boiler;  6,  a  small  cylinder 


Fif.  I. 


Fit...  2. 


communicating  therewith  by  two  tubes  c  d,  the  upper  one  with  the 
steam,  and  the  lower  with  the  water ;  c,  a  piston,  moving  freely  in 
the  cylinder  /;,  aiul  connected  by  a  rod  /,  to  a  vibrating  lever  ij. 
enclosed  in  a  (piadrant-shaped  chamber.  The  pivot  of  the  lever  y 
passes  through  a  stuffing-box  _/',  made  at  the  small  eiul  of  the  quad'- 
rant,  and  carries  externally  another  lever  A,  furnished  with  au 
index  for  iiulicating,  on  a  graduated  scale,  the  height  of  water  ia 
the  boiler.  A  rod  ;  is  suspeiuled  from  the  lever  It,  for  enabling  the 
atteiulant  to  raise  the  piston  in  the  cylinder,  and  bring  it  down 
with  percussive  force  on  to  tlie  surface  of  the  water,  in  order  to 
ascertain  its  exact  height.  It  will  he  at  once  understood  that  Uw 
same  pressure  of  steam  and  water  must  exist  in  the  cylinder  and 
its  (|uadrant  case  as  in  the  boiler,  and  that  the  working  of  the 
apparatus  cannot  be  afl^ected  thereby. 
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ON  THE  IMPROVEMENT  OF  INLAND  NAVIGATION. 

By  Hon.  &  Rev.  A.  P.  Perceval,  B.C.L., 

Chaplain  to  the  Queen. 

Chapter  I. — On  the  Comparative  Pronpective  Value  of  Railways 
and  Canals. 

In  the  month  of  December,  1844,  while  a  party  of  travellers  and 
traders  were  waiting:  at  the  Crewe  Station  the  arrival  of  the  «p- 
train,  and  eajjerly  discussinf!f  railway  matters,  that  mania  being- 
then  at  its  heiffht,  they  were  startled  from  their  ])ropriety,  by 
hearing  an  individual  in  the  room  address  them  thus  :  "  Well, 
gentlemen,  I  will  hack  the  canals  against  the  railways  now  ;  I 
intend  to  invest  wholly  in  them,  and  I  ad\ise  you  all  to  do  the 
same."  If  a  jiistol  had  been  discharged  in  the  midst  of  the  com- 
pany, it  could  hardly  have  produced  a  more  striking  effect.  All 
stared  ;  and  most,  by  movement  or  ejaculation,  gave  token  of 
extreme  surprise.  Some  looked  with  pity  upon  the  speaker,  a 
clergyman,  as  though  the  saying,  "  Ne  .intor  ultra  crrpirinm"  was 
passing  in  their  minds,  and  they  contemplated  one  about  to  ruin 
himself  and  his  family  by  meddling  in  matters  out  of  his  sphere. 
But  when  he  proceeded  to  propound,  for  the  consideration  of  the 
company,  his  grounds  for  the  opinion  which  he  had  expressed,  none 
were  found  ready  to  gainsay  the  reasonableness  of  them.  They 
were  these : 

I.  That  the  wear  and  tear  on  canals  is  so  inconsiderably  less  than 
on  railways,  that  the  former,  if  projierly  conducted,  must  be  able 
to  undersell  the  latter. 

II.  That  while  lines  of  railway  may  he  multiplied  nd  lihitiini, 
occasioning  unlimited  competition,  and  consequently  unlimited 
reduction  of  profits,  such  multiplication  of  lines  of  water  con- 
veyance is  almost  physically  imposssible  :  consequently,  that  canals 
must  always  retain  a  comparative  monopoly. 

III.  "  Remember,  gentlemen,"  he  said,  "that  human  talent  and 
ingenuity  have  been  taxed  to  the  utmost  to  bring  all  the  appliances 
that  science  can  afford,  to  promote  locomotion  on  railways ;  while, 
as  yet,  nothing,  or  next  to  nothing,  of  the  sort  has  been  attempted 
on  canals." 

Three  years  ha\e  elapsed  since  these  opinions  were  expressed  at 
('rewe  :  let  us  see  what  light  can  be  thrown  upon  the  soundness  of 
them,  by  comparing,  1st,  The  present  state  of  railways  with  its 
condition  at  that  time  ;  2ndly,  The  respective  condition  and  pro- 
spects of  railways  and  canals,  tlien  and  at  the  present  time. 

I.  To  take  three  old  and  well-established  lines  for  illustration  : 
The  value  of  the  under-mentioned  was,  in  Dec.  'H ;  is,  in  Dec.  '17 

London  and  Birmingham     ...        „  228  „  150 

Great  Western  „  157  „  90 

London   and   South- Western       „  77  „  50 

II.  Let  us  take  for  illustration  the  Birmingham  Railway  and  the 
Birmingham  Canal : 

In  December  1814,  the  Birmingham  Railway  furnished  to  the 
proprietors,  not  merely  in  actual  dividends,  the  10  per  cent,  (to 
which  it  had  been  sought  by  Act  of  Parliament  to  restrict  the 
profits  on  railway  enterprise),  but  advantages  in  new  shares,  Ike. — 
in  general  estimation  certainly  not  less  than  another  10  per  cent. 

We  have  now  before  us  the  Report  of  this  company  for  the  half- 
year  ending  Midsummer  1817  ;  announcing  in  the  plainest  terms, 
that  the  second  of  the  causes  alleged  at  Crewe  as  a  reason  for 
regarding  railways  as  offering  doubtful  security  for  investment, 
namely,  the  liability  to  unlimited  competition,  has  begun  to  tell 
with  fearful  effect  against  the  prosperity  of  this  most  prosperous 
of  railway  undertakings,  which  is  no  longer  able  to  pay  even  the 
legal  10  p"er  cent.  The  Chairman  is  stated  to  have  said  :  "  He 
hoped  that  before  Parliament  sanctioned  any  further  extension  of 
the  principle  of  competition,  or  of  reduced  fares,  they  would  hear 
in  mind  the  inevitable  results  which  must  follow  from  pursuing 

such  a  course.      They  saw  its  effect  upon  their  receipts  now 

Competition  might  go  on  in  consequence  of  rivalry  and  contention 
between  different  companies  ;  hut  what  would  be  the  effect .''  The 
proprietors  would  interfere  and  force  the  directors  to  reduce  the 
establishments  of  the  two  companies  to  the  lowest  possible  point ; 
trains  would  be  taken  off,  servants  would  be  discharged,  the  whole 
machinery  of  the  companies  would  be  deteriorated,  and  what  would 
become  of  the  public  safety  >  This  would  be  the  result  of  those 
doctrines  of  competition  which  had  been  taken  up  by  the  legisla- 
ture."— Here,  then,  we  have  the  confession  of  the  most  intelligent 
of  railway  chairmen,  at  the  head  of  the  most  influential  of  railway 
companies,  avowing  in  the  face  of  Europe  that  railways  afford  so 
insecure  an  investment  for  capital,  that  they  cannot  possibly  be 


relied  upon,  unless  in  their  behalf  the  doctrine  of  Free  Trade,  to 
which  all  mankind,  to  speak  generally,  have  given  in  their  adhe- 
sion, be  repudiated  ;  and  an  artificial  protection  be  afforded  to 
them,  which  has  been  denied,  not  only  to  the  inland  navigation, 
but  even  to  the  agriculture  of  the  country ! 

Meanwhile,  how  has  the  Birmingham  Canal  been  faring.''  In 
December  1811,  in  consequence  of  the  railway  mania,  it  had  so 
fallen  in  iiublic  estimation,  and  apprehensive  value,  that  projects 
for  draining  off  the  water,  and  converting  the  channels  into  rail- 
way beds,  were  seriously  discussed. 

We  have  also  before  us  the  Report  of  this  Company  for  the  half- 
year  ending  Midsummer  1817  :  from  which  it  appears,  that  not- 
withstanding its  operations  have  been  impeded  by  a  very  question- 
able (in  point  of  prudence)  alliance  which  it  has  contracted  with 
the  Birmingham  Railw  ay,  whereby  it  has  placed  itself,  to  a  certain 
extent,  under  the  control  of  tlie  latter,  on  condition  of  receiving 
from  it  a  guarantee,  in  perpetuity,  of  the  customary  dividend  of 
£4,  per  share  (a  guarantee  which  it  is  dou1>tful  whether  the  railway 
company  would  be  able  to  make  good,  should  the  canal  company 
ever  be  so  reduced  as  to  demand  the  fulfilment  of  it),  and  notwith- 
standing a  "  considerable  pressure  on  the  mercantile  world,"  to 
which  in  common  with  the  railway,  it  has  been  subjected,  its  affairs 
are  in  a  state  of  unexampled  prosperity.  "  The  account  for  the 
last  half-year,"  the  Report  says,  "  exhibits  a  considerable  increase 
of  revenue,  the  amount  for  the  six  months  ending  30tli  of  June 
last,  including  rents,  being  £86,125  7«.  3}^ii.  [being  an  increase  of 
£21,192  above  the  corresponding  half-year  in  1816].  The  balance 
of  the  accounts,  after  providing  for  the  payment  of  the  half-year's 
interest,  and  the  usual  dividend  of  £'2  per  share  (which  the  com- 
mittee now  recommend  to  be  ))ai(l  free  from  the  income-tax),  shows 
a  surplus  of  upwards  of  £9,000." 

In  other  cases,  where  the  canal  companies  have  not  tied  their 
hands  from  competing  with  rival  railways,  as  the  Birmingham 
Canal  Company  have  done  by  their  compact  with  the  Birmingham 
Railway,  the  truth  of  the  first  of  the  reasons  alleged  at  Crewe  has 
had  opportunity  of  being  tested  :  and  the  result  has  been,  to  speak 
generally,  to  confirm  and  establish  its  truth  ;  and  Lord  Ellesmere 
on  his  waters,  and  the  Birmingham  and  AVorcester  C'ompany  on 
theirs,  to  name  no  others,  can  tell  the  world  that  they  have  ceased 
to  dread  any  evil  effects  from  railway  competition,  through  fear  of 
which  the  former  received  (according  to  report)  from  £80,000  to 
I  £100,000,  by  way  of  compensation  ;  and  the  latter  unprofitably 
:  expended  several  thousands  in  an  abortive  railway  speculation. 
I  It  remains  to  be  seen  whether  the  third  of  the  reasons  alleged  at 
Crewe  in  1811,  for  preferring  canals  to  railways  for  investment — 
namely,  "that  while  human  ingenuity  has  been  taxed  to  the  utmost 
to  facilitate  locomotion  on  railways,  little  or  no  attention  has  been 
bestowed  upon  the  improvement  of  inland  navigation," — is  as  sound 
as  the  others  (apparently)  have  proved  to  be  :  in  other  words, 
"  whether  inland  navigation  is  not  caiiahle  of  very  great  improvement!' 
This  shall  he  the  subject  of  the  next  chapter:  before  entering  upon 
which,  let  it  be  well-considered,  by  way  of  encouragement  to  turn 
attention  to  the  sul)ject,  that  a  very  little  improvement  will  suffice  to 
bring  upon  the  canals  the  whole  or  almost  the  whole  of  what  forms 
the  chief  source  of  revenue  on  many  railways — namely,  the  con- 
veyance OF  LIVE  stock.  No  grazier,  or  butcher,  it  is  believed, 
will  be  found  to  affirm  otherwise  than  that,  if  the  choice  were 
offered  to  him,  he  would  choose  rather  to  convey  the  stock  that  he 
has  to  sell,  or  kill,  by  water  than  by  rail. 

Chapter  II. — On  the  Improvement  of  Inland  Navigation. 

When  the  mind  has  once  been  directed  to  devise  means  of  ren- 
dering our  lines  of  inland  navigation  more  available  than  at 
present  they  are  found  to  be  for  the  commerce  of  the  country,  the 
small  degree  of  attention  which  lias  as  yet  been  bestowed  upon 
them  is  apparent  at  every  turn.  Of  tlie  matters  calling  for  amend- 
ment, some  are  obvious  to  every  passer-by;  otheis  require  con- 
sideration to  be  noted  ;  others  again  require  argument  and  proof. 
Again,  some  are  in  the  power  of  the  parties  trading  upon  the 
waters;  others  in  that  of  the  i>roprietors  or  trustees  of  the  waters; 
others  again  require  either  extension,  combination,  or  the  inter- 
ference of  the  legislature. 

I.  Let  those  matters  in  which  the  %vant  of  amendment  is  mani- 
fest to  all  be  first  considered.  Of  such  let  these  be  named  : — 1st. 
The  style  and  condition  of  the  animals  usually  employed  in  the  traf- 
fic. Generally  speaking,  these  are  the  worst  of  their  kind,  dis- 
abled, low  in  condition,  ill-groomed,  ill-fed, — a  striking  contrast  to 
those  employed  in  land  carriage. — Sndly.  The  state  of  the  trackways. 
Natural  earth,  mud,  water,  deep  sand,  slippery  chalk.  Contrast 
these  with  the  roads  and  ways  employed  in  land  traffic.  By  the 
sides  of  other  roads  care  is  taken  to  keep  the  cattle  from  trespass- 
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iiifr  ;  hero  notliinjj  of  the  sort  is  attempted.  On  other  roads,  all 
(jates,  except  in  eases  of  extreme  necessity,  and  tlien  witli  some 
person  to  watch  them,  are  carefully  excluded.  On  these,  there  is 
usually  u  frate  at  the  end  of  every  field,  the  hcdfres  ruiniinj;  down 
to  the' water:  as  if  a  premium  had  heen  ort'cred  for  the  multiplica- 
ti(ui  of  causes  of  ohstruction. — 3rdly.  The  iiltfinlniirc  <it  llic  IocIiK, 
wliich  correspond  to  the  turnpikes  on  land  roads.  On  land- 
travelliuir  a  turnpike-house  is  a  necessary  adjunct  to  a  turnpike- 
fjate.  as  close  as  possihle.  But  where  in  water-travellinp  do  we 
(iiid  lock-houses — or,  if  found,  at  what  distance  are  they  situated 
from  the  locks  intrusted  to  the  care  of  the  occupiers? — 4thly.  The 
rmistniet'mn  of  the  bi-iiiges  so  low  down  to  the  water,  as  to  leave  no 
room  between  them  and  it  for  an  ordinary  load  to  ])ass. 

II.  Amonn;  the  matters  in  which  the  necessity  of  alteration  will, 
prohahly,  he  admitted  as  soon  as  pointed  out,  are  these : — 1st.  Tlie 
nii])Hviit'wn  of  artificial  locomotive  poirrr.  In  this  respect,  it  must  be 
ai'knowledifed  that  England  is  somewhat  in  advance  of  her  neiixh- 
liours,  f(u-  she  has  attained  to  horse-power  on  trackways;  whereas, 
in  tlie  inland  naviffation  of  the  ccmtinent,  when  the  wind  fails,  the 
means  of  locomotion  usually  had  recourse  to  are  either  shoving- 
with  Itmix  poles;  or  ropes  made  fast  to  posts  and  drawn  in  by  direct 
hand  draught;  or  men  and  women  yoked  like  brute  beasts,  with 
broad  belts  over  their  breasts,  upon  which  (even  women's  breasts) 
the  weight  of  the  draught  appears  to  be  borne, — a  sight  sickening 
and  revidting.  England  is  in  advance  of  these,  and  for  such  brute 
labour  has  applied  brutes  instead  of  human  beings  ;  hut  still  only 
fm-  direct  draught :  the  living  horse  has  as  yet  not  been  applied  to 
leverage  in  this  service  [as  is  used  in  Canada]  ;  nor  have  those 
cheapest  and  most  obvious  of  all  artificial  powers,  the  water- 
wheel  and  the  wind-wheel,  been  as  yet  a])plied  for  a  purpose  for 
which  in  so  many  cases  they  are  so  admirably  adapted  ;  nor  sta- 
tionary steam-engines,  except  in  one  or  two  instances.  In  a  few 
rases,  paddle-wheels  have  been  called  in,  which,  on  many  accounts, 
are  the  most  undesirable  of  all  for  this  particular  service. — 2ndly. 
The  construction  of  the  barges:  first,  as  to  their  material,  which,  in 
almost  all  cases,  now  is  of  wood,  more  expensive,  less  durable, 
heavier,  and  more  bulky  than  iron,  to  a  very  consideral)le  propor- 
tion ;  secondly,  so  that  the  barge  may  float  on  the  water,  and  not 
below  its  level,  necessitating  the  drawing  through  it.  ^Vhat  the 
specific  gravity  of  atmospheric  air  is,  seems  a  point  not  easy  of 
solution,  seeing  that  the  barometer  exhibits  a  perpetual  fluctuation; 
but  the  specific  gravity  of  water  is  stated  on  good  authority  to  be 
G2i5  lb.  to  the  cubic  foot.  When  it  is  considered  that  for  every 
cubic  foot  of  barge  below  the  water-level,  C2i  lb.  weight  of  water 
has  to  be  moved  at  every  inch,  one  would  have  thought  the  atten- 
tion of  all  concerned  would  have  been  directed  to  carry  as  much 
of  the  cargo  above  and  as  little  below  as  possible.  But,  somehow 
or  another,  a  diametrically  opposite  course  is  almost  universally 
adopted  :  about  three  inches  of  the  barge  appears  above  the  water- 
line,  and  all  the  rest  is  sunk  below — so  that  the  gi-eatest  resistance 
which  the  case  will  permit  is  carefully  secured. — .Srdly.  The  means 
of  ascending  or  descending  from  one  water-level  to  another.  As  yet,  in 
England,  we  have  attained  only  to  the  old  lock,  and  that  so  con- 
structed as  to  afford  the  chief  cause  of  detention  in  water  convey- 
ance. The  consumption  of  time,  the  strain  upon  the  cattle,  the 
wear  and  tear  of  tackle,  now  required  in  drawing  a  deep-laden 
barge  into  a  lock,  ai-e  well  known  to  all  wlui  have  to  do  with  inland 
navigation.  Yet,  apparently,  it  requires  little  contemplation  of  a 
lock,  to  see  how  (even  without  altering  the  construction  of  the 
barges,  and  still  dragging  the  goods  through  the  water)  an  immense 
saving  of  time  and  labour  may  be  effected,  by  a  slight  alteration  ; 
while  the  field  for  invention  and  experiment  in  perpeinlicular  lifts 
and  inclined  planes  is  as  yet  almost  unoccupied  ;  only  our  neigh- 
bours in  the  United  States  of  America  have  lately  adopted  one 
species  of  the  former,  while  those  in  China  have  of  long  time  very 
extensively  employed  the  latter — of  which  some  account  and  draw- 
ings are  to  be  found  in  Lord  Macartney's  Embassy.^tthly.  The 
supjili/  of  voter :  both  in  the  saving  it  at  the  change  of  levels,  and 
in  securing  supplies  in  dry  weather,  all  must  see  how  much  remains 
to  be  doiu' ;  while,  few,  probably,  who  apply  their  minds  to  it,  will 
consider  any  great  difficulty  to  lie  in  the  way  of  improvement. 

III.  Of  matters  calling  for  improvement,  which  it  reipiires  ar- 
gument or  experiment  to  establish,  it  will  suffice  to  suggest  one,  of 
a  inccliani(^al  nature — which  is,  //««  jjoint  of  draught  ;  to  which,  at 
])resent,  as  far  as  apj)ears,  no  attention  has  heen  paid  ;  hut  which, 
it  is  hard  to  conceive  to  be  a  thing  indlft'erent.  But  of  this  class, 
the  most  important  is  tlie  jointed  system  of  our  lines  of  inland 
navigation — broken  into  short  pieces,  under  distinct  governments, 
like  the  turnpike  trusts ;  but  attempting  against  one  another  a 
system  of  injury,  which  the  trustees  of  turnpike  roads  have,  appa- 


rently, never  contemplated.  Between  London  and  Birmingliam, 
for  instance,  there  are  as  many  as  four  such,  at  least.  It  is  in  vain 
that  one,  two,  or  three  of  these  concur  in  meeting  the  public 
convenience  and  their  own  general  interests,  by  reduction  of  tolls 
or  any  other  C(uubiued  improvement,  as  long  as  it  is  in  the  ])ower 
of  the  remaining  portion  or  ])orti(ms  to  profit  by  the  reductions  of 
the  others,  by  either  maintaining  their  own  tolls  at  the  unreduced 
rate,  or  even  raising  them  in  the  face  of  the  reduction  of  others ; 
both  of  which  cases  are  found  not  unfrequently  to  occur. 

Chapter  III. — On  the  Formation  of  Inland  Navigation  Conveyance 
Companies. 

The  only  apparent  metluul  of  overcoming  the  last-named  diffi- 
culty in  the  way  of  the  im|)rovement  of  inland  navigation — namely, 
that  arising  from  the  division  of  intei'ests  at  work  u]ion  all  our 
chief  lines  (apart  from  direct  legislative  interference,  which  is  the 
last  and  least-desirable  remedy,) — is  the  formation  of  conveyance 
companies  throughout  a  whole  line  ;  offering  to  all  the  different 
navigation  com])anies  along  the  line,  shares  according  to  their  mile- 
age ;  and  to  all  the  parties  already  trading  on  those  luivigations, 
shares  according  to  the  amount  of  capital  already  embarked  in 
this  employment.  By  tliis  means  it  should  seem  not  merely  prac- 
ticable but  easy  to  unite,  for  thecommon  benefit  of  all,  those  interests, 
the  confliction  of  which  at  present  is  found  to  be  injurious  to  all. 

The  writer,  who  is  a  clergyman,  and  who  has  turned  his  atten- 
tion to  the  improvement  of  this  department  of  human  industry, 
chiefly,  or  rather  solely,  with  the  view  of  making  it  subservient  to 
the  best  interests,  present  and  future,  of  mankind,  has  already  in 
several  quarters  privately  put  forward  suggestions  for  the  forma- 
tion of  such  companies,  which  have  hitherto  been  generally  favour- 
ably received; — he  now  desires  to  submit  them  more  extensively  to 
the  consideration  of  his  fellow-men,  based  upon  this  condition, 
which  he  has  in\'ariably  exhibited — namely.  That  provision  for  the 
spiritual  and  educational  wants  of  all  the  emptogi'es  of  such  a  company, 
and  of  all  who  are  called  i)ito  Ijeing  (hi/  the  encouragement  given  to 
marriage  J  hg  its  prosperity — and  also  for  their  bodily  wants,  in  sick- 
ness, accidents,  and  superannuation — shall  form  a  first  and  necessary 
item  of  such  company's  expenditure  to  an  extent  not  exceeding  one- 
tenth  of  the  whole. 

How  extensively  such  a  principle,  if  generally  adopted  by  our 
great  companies,  would  tend  to  the  amelioration  of  society,  and  the 
comfort  and  well-being  of  all  classes,  drawing  them  together  by 
the  surest  bonds  of  Christian  faith  ami  love,  there  can  he  no  need 
of  words  to  demonstrate.  The  more  each  man  contemplates  it  in 
his  own  breast,  the  more  (the  writer  believes)  it  will  be  found  to 
commend  itself,  alike  acceptalile  to  God  and  ajjproved  of  men. 

Taking  Birmingham  as  the  centre  of  British  industry,  such  com- 
panies may  obviously  m  ith  advantage  be  formed,  respectively,  on 
the  following  main  lines,  omitting  for  the  present  the  considera- 
tion of  the  less  important  : — 1.  Birmingham,  Arorcester,  Gloucester, 
and  Bristol ;  2.  Birmingham,  Chester,  and  Liverpool ;  3.  Birming- 
ham, Manchester,  Leeds,  Halifax,  and  Hull;  4.  Birmingham  and 
London;  5.  Birmingham  and  Chichester.  Again,  (i.  Hull  and 
Liverpool;  7.  Hull  and  London  ;  8.  London  and  Bristol ;  9.  Lon- 
don and  Chichester. 

To  complete  the  line  of  inland  navigation  from  Birmingham  and 
the  manufacturing  districts  to  the  British  Channel,  there  needs  but 
to  connect  the  Grand  Junction  with  the  Colne,  a  cut  of  one  or  two 
miles,  which  falls  into  the  Thames  at  Egham,  from  which  the  out- 
let is  at  Weybridge  ;  and  so  by  Guildford  and  Arundel.  This  at 
present  neglected,  but  surely  most  important,  line  from  London  to 
the  British  Channel,  either  into  Arundel  or  Chichester — that  is  to 
say,  Langston  harbour — is  quite  complete.  By  it,  if  a  proper  com- 
pany were  formed,  and  the  commonest  appliances  brought  to  bear, 
goods  discharged  in  either  of  those  harbours  could  be  landed  at 
London-bridge  easily  within  twenty-four  hours,  at  a  highly  re- 
munerative charge  of  ten  shillings  per  ton,  covering  all.  'fhus,  in 
time  of  war,  all  the  hazard  to  our  merchandise  which  the  Duke  of 
Wellington  lias  ])rognosticated  from  French  steamers  in  the  little 
French  ports,  with  the  sun  always  on  their  backs,  would  be  obviated, 
and  the  incalculable  expenditure  contemplated  in  the  acknow- 
ledgedly-hopeless  undertaking  of  making  a  Harbour  of  Refuge  at 
Dover  would  be  superseded.  And  at  all  times  the  risk  of  insurance 
from  weather,  the  chief  jiart  of  which  from  China  to  London  is  cal- 
culated on  the  passage  through  tlie  Straits  of  Dover  and  round  the 
coast  of  Kent,  to  say  nothing  of  delays  incalculable,  would  be  re- 
moved. The  present  unoccuiiied  harbour  of  Langston  is  of  size  to 
receive  in  safety  the  whole  merchant  fleet  of  the  country.  Again, 
by  continuing  the  navigation  of  tiie  Wey  beyond  Godalming  in  the 
direction  of  Alresford,  and  extending  the  navigation  of  the  Itchin, 
with  a  cut  of  five  or  six  miles  to  unite  them,  another  line  of  inland 
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navigation  from  London  to  the  Channel  would  lie  com])leted  ;  and 
by  continuinfT  the  navijration  of  the  Test  or  Auton  to  \\'liitchiirch 
or  Ash,  with  a  cut  "f  five  miles  to  the  Basiiijfstoke  canal,  a  tliird 
line  would  be  com]>leted  :  and  Lanf;ston,  Arundel  or  Littlelianip- 
ton,  and  Southam])ton  become  the  ports  of  London. 

On  the  other  side  of  the  Irish  Channel,  conveyance  companies 
between  Dublin  and  ^^'aterford  (by  the  Barrow  navif,ration,  as 
thrivinir  a  water  concern  as  any  in  the  kingdom,  and  the  receipts 
on  whii-h  last  \'ear  were  greater  than  ever) ;  and  between  Dublin 
and  Limerick  (by  the  Grand  Canal,  one  of  the  finest  in  the  kinar- 
dom,  aud  tlie  Sliannon),  obviously  present  tliemselves.  A  cut  of 
three  miles,  or  tliereabouts,  connectini;  the  Slaney  with  the  Barrow, 
would  bring-  Wexford  witliin  inland  navigation  of  Dublin.  A  cut 
of  about  the  same  length  from  the  Grand  Canal  at  Ballinasloe,  into 
one  of  the  small  rivers  tliat  run  into  Galway  Bay,  would  connect, 
in  the  shortest  line,  the  Atlantic  with  the  Irish  Sea. 

It  is  believed  by  tlie  writer  tliat  every  one  of  the  twelve  or  fifteen 
lines  here  enumerated  will  be  admitted  by  all  practical  men  to  pre- 
sent, if  properly  conducted,  as  safe  openings  for  capital  and  indus- 
try as  any  in  the  kingdom. 


REVIE'WS. 


A  Guide  to  the  Proper  Regxdation  of  Buildings  in  Towns,  as  a 
means  of  Promoting  and  Securing  the  Health,  Comfort,  and  Safety 
of  the  Inhabitants.  By  Wm.  Hosking,  Architect  &  C.E.  Lon- 
don :  Murray,  184.8. 

Mr.  Hosking's  book  may  be  taken  as  one  of  the  signs  of  tlie 
times,  and  therefore  we  give  our  attention  to  it,  and  recommend  it 
to  our  readers.  The  outcry  for  sanitary  reform  can  no  longer  be 
unheeded  ;  it  has  led  to  a  practical  movement,  which  must  go  on. 
Tlie  architects,  engineers,  and  medical  men,  who  created  this 
movement,  and  have  fostered  it — and  we  rejoice  that  our  publica- 
tion has  l)een  found  among  the  earliest  advocates — may  feel  justly 
gratified  that  their  proceedings  have  at  length  received  the  coun- 
tenance and  co-operation  of  the  legislature.  Those,  however,  who 
have  held  back,  or  thought  that  the  agitation  had  no  practical 
autliority,  and  was  merely  a  noise  ab«mt  trifles,  must  now  bestir 
themselves,  or  they  will  be  left  liehind  by  their  more  enliglitened 
compeers.  Obstinate  adlierence  to  old  prejudices  has  already 
brought  public  ridicule  on  several  men  of  standing;  and  reputa- 
tions which  have  cost  scores  of  years  to  build  up  are  at  once  knocked 
down,  when  it  is  found  that  tlie  parties  have  for  scores  of  years 
been  wasting  the  public  money,  in  the  despite  of  every  warning. 
The  public  are  now  awakened,  and  they  require  at  the  hands  of 
architects  and  builders  a  degree  of  knowledge  as  to  structural 
arrangements,  which  formerly  was  never  thought  of.  For  all  the 
better  class  of  buildings  it  is  no  longer  enough  to  run  up  a  set  of 
walls  and  to  line  them,  but  the  buildings  must  be  made  habitable 
otherwise  than  by  being  mere  shelters  against  rain.  They  must 
have  properprovision  for  lighting,  warming,  ventilation, and  sewage; 
matters  about  which  employers  and  builders  thought  very  little 
some  years  ago.  Tiie  reports  of  tlie  Sanitary  Commissioners,  the 
labours  of  Messrs.  Roe  and  Phillips,  the  work  of  Mr.  Hosking,  are 
landmarks,  whereby  professional  men  may  note  the  set  of  tlie  cur- 
rent, and  observe  the  disposition  of  tlie  authorities  to  carry  out  to 
the  full  what  used  to  be  laughed  at  as  the  theories  of  sanitary 
reform.  Mr.  Hosking,  of  course,  disclaims  any  official  character 
for  his  book ;  but  his  station  as  one  of  the  Official  Referees  for  Me- 
tropolitan Buildings,  will,  in  the  eyes  of  the  public,  give  an  official 
character  to  his  book  in  despite  of  himself;  and  most  of  wliat  he 
says  is  so  reasonable,  that  it  will  work  its  way  with  the  legislature, 
the  public,  and  the  profession,  all  of  whom  his  book  interests. 

Although  it  is  perfectly  true  tliat  the  improved  system  of  struc- 
tural arrangements  has  arisen  mostly  from  the  labours  of  architects 
and  engineers,  yet  it  has  not  been  fostered  so  generally  among  the 
profession  as  is  desirable.  Indeed,  the  public  at  this  moment  are 
ahead  of  architects  and  builders — a  state  of  ail'airs  which  cannot 
long  continue  with  comfort  to  the  latter.  This  arises,  we  fear, 
from  a  want  of  appreciation  of  tiie  value  of  professional  literature, 
and  therefore  the  want  of  a  laudable  spirit  of  investigation  and 
information.  If  it  be  remembered  that  until  our  Journal \va.s  esta- 
blished, no  architectural  periodical  had  been  able  to  maintain 
itself,  this  will  show  what  the  state  of  affairs  formerly  was ;  but 
though  the  number  of  years  which  this  Journal  has  existed  is  a 
proof  that  we  have  effected  a  change  for  the  better,  we  cannot  but 


be  sensible  that  architects  are  not  so  much  alive  as  they  ouffht  to 
be  to  the  culti\  ation  of  professional  learning.  To  advert,  as  an 
instance,  to  our  own  publication,  we  feel  well  assured  that  by  a 
great  number  of  our  readers  our  earlier  remarks  on  sanitary  and 
structural  arrangements  were  passed  over  as  being  of  no  interest, 
or  as  not  being  immediately  practical,  because  tlie  reader  did  not 
take  the  trouble  to  investigate  and  search  out  feu-  liimself  the  truth 
or  justice  of  our  arguments.  The  consequence  has  been  that  many, 
instead  of  being  gradually  led  and  prepared  to  a  jiractical  appre- 
ciation of  the  subject,  wake  up  as  it  were  suddenly  to  a  conscious- 
ness that  they  liave  got  to  learn  a  great  deal  immediately  and  with 
some  trouble,  which  they  might  have  learned  slowly  and  easily. 
M'e  have  sometimes  met  witli  remonstrances  because  we  liave  given 
attention  to  questions  whicli  were  thought  the  whims  of  the  day, 
but  the  importance  of  which  is  now  recognised  by  all,  tliough  'it 
should  be  remembered,  that  a  periodical  like  our's  is  a  liutw  be- 
tween tlie  public  and  professional  men,  for  those  of  the  public  who 
feel  an  interest  in  professional  pursuits,  or  seek  for  information, 
naturally  apply  themselves  to  such  a  recognised  source.  Hence 
we  have  lieen  enabled  on  many  occasions  to  forward  professional 
interests,  and  to  awaken  attention  among  the  public,  so  as  to  in- 
sure co-operation  in  carrying  out  measures  which  were  desirable. 
In  reference  to  the  present  question  of  sanitary  reform,  Iiowever. 
it  is  particularly  incumbent  on  professional  men  to  apply  them- 
selves to  it,  or  otiierwise  medical  men  and  others  will  put  them- 
sehes  forward  to  secure,  if  they  can,  some  greater  sliare  than 
fairly  bekuigs  to  them  in  the  new  arrangements. 

Mr.  Lloskiug's  book  must  be  read  by  the  architect  and  builder, 
because  it  is  just  the  kind  of  book  which  will  be  read  by  the  em- 
ployer. The  committee  of  a  club  who  desire  a  superior  house,  the 
gentleman  who  wants  a  comfortable  mansion,  the  merchant  who 
requires  a  safe  warehouse,  the  board  of  guardians  who  ad\ertise 
for  a  healthy  workhouse,  are  likely  to  look  into  the  work  before 
us,  as  a  guide  to  the  best  modes  of  securing  the  health,  comfort, 
and  safety  of  a  building.  Perhaps  Jlr.  Hosking  has  a  leaning  in 
favour  of  timber  and  against  iron,  and  in  favour  of  brick  and 
against  stone  ;  but  we  hardly  like  to  say  this,  for  there  is  so  much 
candour  in  stating  tlie  case,  and  so  much  practical  knowledge  dis- 
played throughout,  that  we  believe  Mr.  Hosking  is  about  as  fair  a 
guide  as  we  have  yet  had  upon  structural  arrangements.  There 
is  very  little  of  his  book  which  is  new,  and  it  is  hardly  likely  tliat 
there  sliould  be ;  but  \\hat  there  is  new,  is  the  careful  and  close 
consideration  of  what  is  the  best  and  most  practical  mode  of  reach- 
ing any  given  end  :  and  tliis  may  be  called  new,  for  we  fear  it  is 
too  general  to  run  up  buildings  without  the  least  consideration  of 
their  fitness  for  the  purposes  to  which  they  are  applied.  It  may 
be  said  sliortly  that  the  houses  of  the  metropolis  are  made  dan- 
gerous to  life  from  their  combustil)ility,  and  to  health  from  their 
want  of  ventilation;  while  the  sewers  are  so  made  as  to  form  an 
elaborate  machinery  for  poisoning  the  population,  for  cutting  ofT 
the  infant  in  its  cradle,  and  taking  years  away  from  tlie  life  of 
every  inhabitant  of  tliis  immense  aud  thickly-peopled  city. 

We  have  said  that  Mr.  Hosking  is  unfavourable  to  the  use  of 
iron  under  some  circumstances,  and  it  will  be  useful  to  lay  before 
our  readers  his  remarks  upon  the  subject.     He  says — 

"  There  is  no  kind  of  economical  structure  that  resists  the  action  of  fire  so 
perfectlj  as  brickwork  does,  and  any  structure  wholly  of  bricks,  set  in  and 
combined  with  proper  mortar,  may  be  deemed  for  all  econoiuical  purposes  a 
fire-proof  structure.  But  floors  and  roofs,  or  roof  coverings,  cannot  be 
formed  in  brickwork  alone,  without  the  sacrifice  of  space  and  materials,  to 
so  large  an  extent  as  to  render  such  a  mode  of  structure  inconsistent  with  a 
due  regard  to  economy  in  those  important  particulars.  Means  are  to  be 
sought,  therefore,  by  which  brickwoik  may  be  rendered  available,  to  the 
greatest  extent  possible,  consistently  with  economy  of  space,  and,  if  it  may 
be,  of  materials  also.  For  this  purpose  iron  presents  itself  as  a  substance 
wholly  incombustible,  and  capalile,  in  the  form  of  beams  and  girders,  of 
bearing  over  space  horizontally,  and  so  as  to  leave,  for  economical  purposes, 
a  large  proportion  of  extent  in  height,  which  brick  vaulting  would  absorb ; 
and,  requiring  no  such  absorption  of  space  as  brick  vaults  require  for  their 
lateral  abutments,  iron,  employed  as  a  means  of  vertical  support,  in  columns 
or  story-posts,  will  give  the  requisite  strength  to  that  effect  in  far  less  space 
within  an  enclosure  than  brickwork  requires  in  piers  or  pillars  to  give  the 
requisite  bed  to  the  springings  of  vaults,  and  to  carry  the  weight  of  brick 
vaulting.  But  iron,  although  incombustible,  is  fusible  under  (he  action  of 
intense  heat,  and  is,  in  its  more  economical  condition,  frangible  if  suddenly 
cooled  when  hot ;  without  reference  to  its  generally  brittle  character,  or  to 
the  uncertainty  which  attends  its  manufacture,  when  applied  in  that  condi- 
tion. Beams,  girders,  and  columns  or  story-posts,  of  wrought-iron,  if  suth 
things  could  be  produced  in  wrought-iron  economically,  would  bend  when 
exposed  to  a  high  degree  of  heat,  and  let  down  any  structure  that  bad  been 
made  dependent  upon  them ;  whilst  beams  or  girders  of  cast-iron  break 
when  dashed  with  water ;  and  columns  of  the  same  substance  are  liable  to 
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soften  and  yield,  as  well  as  to  snap  ;  in  either  and  in  any  case,  involving  the 
rnin  of  lliu  ImiUlings,  the  destruction  of  the  property  conlHled  to  tliem,  and 
danger  to  the  lives  of  firemen  or  others  within  reach  of  the  ruin. 

So  great  is  the  danger  apprehended  front  the  treachery  of  cast-iron  in 
buildings  on  fire,  that  the  men  of  the  London  fire-engine  estahlishment,  who 
go  unhesitatingly,  in  the  execution  of  their  duly,  into  burning  buildings,  are 
prohibited  from  going  into  parts  or  places  which  depend  upon  supports  of 
cast-iron,  whilst  they  are  allowed  to  trust  themselves  to  burning  timber 
almost  at  their  own  discretion — a  quality  for  which  they  are  not,  indeed,  so 
remarkable  as  they  are  for  headlong  and  gallant  daring. 

Cast-iron  is  constantly  recurred  to,  neverilieless,  as  a  means  of  economis- 
ing space  in  the  formation,  and  largely  also  in  the  support  of  the  floors  of 
buildings  which  it  is  desired  to  render  proof  against  fire  ;  and  it  is  certain 
that  the  use  of  beams,  girders,  and  story-posts  of  cast-iron  tends  to  that 
effect  :  that  is  to  say,  the  liability  of  the  building  to  take  fire  is  lessened  by 
the  use  of  iron  in  place  of  wood,  hut  for  the  purpose  under  consideration — 
power  of  resisting  the  action  of  fire  when  it  occurs  to  matters  stored  in  a 
building,  and  is  fed  by  such  matters  independently  of  the  substances  em- 
ployed in  the  structure  of  the  building — iron  requires  to  he  itself  protected 
from  the  action  of  the  fire." 

Mr.  Hosking  goes  on  to  suggest  the  mode  in  which  iron  can  he 
safely  used  for  floors  and  ceilings  ;  hut  he  adheres  to  the  opinion 
that  if  pillars  must  he  used,  they  should  he  of  brickwork. 

We  ourselves  have  witnessed  the  danger  of  using  cast-iron  in 
exposed  situations  in  buildings.  We  recollect,  within  the  last  four 
or  five  years,  the  fire  at  Fenton's  wharf,  London  Bridge,  where  the 
warehouses  were  supported  upon  cast-iron  hressummers,  and  which, 
through  being  heated  by  the  fire,  and  the  cold  water  of  the  engines 
falling  upon  them,  were  cracked,  and  in  consequence  the  super- 
structure was  obliged  to  he  taken  down.  In  other  situations,  we 
have  seen  the  fronts  of  houses  erected  on  timber  hressummers  which 
have  withstood  the  ravages  of  the  fire,  an  external  coating  of  about 
an  inch  in  depth  of  the  timber  being  only  injured  by  the  flames. 

The  preservation  of  life  from  fire  is  an  object  in  which  Mr. 
Hosking  deservedly  takes  great  interest,  and  he  has  brought  to 
bear  the  results  of  his  remarks  on  buildings  at  Paris,  which  we  wish 
we  could  transfer  at  some  length  to  our  own  pages.  After  recom- 
mending that  party-walls  shall  be  reduced  to  one-brick  thick,  on 
condition  of  cross-walls  or  partitions  being  built  throughout  the 
house  of  one-brick  thick,  and  after  stating  the  danger  of  the  hollow 
quartering  partition  generally  used,  he  describes  the  system  he 
observed  in  Paris. 

"  The  plan  referred  to  is,  to  frame  and  brace  with  timber  quarterings  much 
in  the  manner  practised  in  England,  except  that  the  timber  used  in  Paris  is 
commonly  oak,  and  is  very  generally  seasoned  before  it  is  applied  in  building 
in  the  manner  referred  to;  and  that,  as  before  remarked,  the  carpenter's 
work,  or  carpentering,  of  the  French  is  not  so  good  as  that  of  the  English. 
The  framed  structure  being  complete,  strong  oak  batten-laths,  from  two  to 
three  inches  wide,  are  n;iiled  up  to  the  quarterings  horizontally,  at  four,  six, 
or  even  eight  inches  apart,  according  to  the  character  of  the  work,  through- 
out the  whole  height  of  the  enclosure  or  partition  ;  and  the  spaces  between 
the  quarterings.  and  behind  the  laths,  are  loosely  built  up  with  rough  stone 
rubble,  which  the  laths,  recurring  often  enough  for  that  purpose,  hold  up,  or 
prevent  from  falling  out  until  the  next  process  has  been  effected.  This  is, 
to  apply  a  strong  mortar,  which  in  Paris  is  mainly  composed  of  what  we 
know  under  the  name  of  plaster  of  paris,  but  of  excellent  quality,  laid  on 
from  or  upon  both  sides  at  the  same  time,  and  pressed  through  from  the 
opposite  sides  so  that  the  mortar  meets  and  incorporates,  imbedding  the 
stone  rubble  by  filling  up  every  interstice,  and  with  so  much  body  on  the 
suriaces  as  to  cover  up  and  imbed  also  the  timber  and  the  laths  ; — in  such 
manner,  indeed,  as  to  render  the  concretion  of  stone  and  plaster,  when 
thoroughly  set,  an  independent  body,  and  giving  strength  to,  rather  than  re- 
ceiving  support  from,  the  timber." 

The  same  plan  is  applied  in  Paris  to  the  stairs,  and  Mr.  Hosking 
recommends  it  for  adoption  here.  He  likewise  gives  a  detailed 
account  of  the  French  mode  of  making  ceilings  and  floors. 

"  But  the  French  render  theirfloors  also  so  nearly  fire-proof  as  to  leave  but 
little  to  desire  in  that  respect,  and  in  a  manner  attainable  with  single  joists, 
as  well,  at  the  least,  as  with  joists  framed  into  girders.  According  to  their 
practice,  the  ceiling  must  be  formed  before  the  upper  surface  or  floor  is  laid, 
inasmuch  as  the  ceiling  is  formed  from  above,  instead  of  from  below. — The 
carpenters'  work  being  complete,  strong  batten-laths  are  nailed  up  to  the 
under  sides  of  the  joists,  as  laths  are  with  us;  but  they  are  much  thicker 
and  wider  than  our  billis,  and  aie  placed  so  far  apart,  tliat  not  more,  per- 
haps, tiiaii  one-half  of  tlie  space  is  occupied  by  the  laths.  The  laths  being 
aftixed — and  they  must  he  soundly  nailed,  as  they  have  a  heavy  weight  to 
carry — a  platform,  made  of  rough  hoards,  is  strutted  up  from  below  parallel 
to  the  plane  formed  by  the  laths,  and  at  about  an  inch  below  them.  Mortar 
IS  then  laid  in  from  above  over  the  platform,  and  between  and  over  the  laths, 
to  a  thickness  of  from  two  inches  and  a  half  to  three  inches,  and  is  forced  in 
under  the  laths,  and  under  the  joists  and  girders.  The  mortar  being  gauged, 
as  our  plasterers  term  it,  or  rather,  in  great  part  composed  of  plaster  of  paris, 
it  soon  sets  sufliciently  to  allow  the  platform — which,  it  will  be  readily  un- 


derstood,  has  performed  the  same  office  to  the  mortar  which  centering  per- 
forms to  the  parts  of  an  arch  or  vault — to  be  removed  onwards  to  another 
compartment,  until  the  whole  ceiling  of  any  room  or  story  of  a  buildine  is 
formed.  The  plaster  ceiling  thus  formed,  is,  in  fact,  a  strong  slab  or  table, 
in  the  body  of  wliicli  the  batten-laths  which  hold  it  up  safely  in  the  air  are 
incorporated,  and  in  the  back  of  which  the  joists,  from  which  the  mass  is 
suspended,  are  imbedded.  By  the  process,  the  under  surface  of  the  plaster 
table  has  taken  from  the  rough  boards  of  the  platform  the  roughness  re- 
quisite to  facilitate  tlie  adhesion  of  the  finishing  coat  of  plastering,  which  is 
of  course,  laid  on  from  below. 

Wheiher  the  eventual  surface  is  to  be  a  boarded  floor  or  not,  however, 
the  flooring  joists  are  covered  by  a  table  of  plaster  above,  as  completely  as 
they  are  covered  by  a  plaster  ceiling  below. — Rough  battens,  generally  split 
and  in  short  lengths,  looking  like  ends  of  oak  pales,  stout  enough  to  bear, 
when  laid  from  joist  to  joist,  the  weight  of  a  man  without  bending,  are  laid 
with  ends  abutting  upon  every  joist,  and  as  close  together  as  they  will  lie 
without  having  been  shot  or  planed  on  their  edges,  so  as  to  joint  them. 
Upon  a  rough  loose  floor  thus  formed,  mortar  of  nearly  similar  consistence 
to  that  used  for  ceilings,  but  not  necessarily  of  the  same  good  quality,  is 
spread  to  a  thickness  of  about  three  inches;  and  as  it  is  made  to  fill  in  the 
voids  at  the  ends  and  sides  of  the  floor-laths  upon  the  joists  the  laths  be- 
come bedded  upon  the  joists,  whilst  they  are  to  some  extent  also  incorpo- 
rated with  the  plaster,  and  the  result  is  a  firm  floor,  upon  which,  in  ordinary 
buildings,  and  in  the  public  and  commoner  apartments  of  almost  all  build- 
ings, paving- tiles  are  laid,  bedded  and  jointed  in  a  tenacious  cement  to  form 
the  working  floor. 

It  may  be  added  in  explanation  of  the  statement,  that  in  Paris  the  practice 
of  forming  a  table  of  plaster  over  the  joists  when  tiles  are  to  be  used  as  the 
flooring  surface,  is  employed  also  when  a  boarded  floor  is  to  supervene, — 
that  as  the  surfaces  of  the  true  joists  lie  under  the  mortar  or  plaster  table, 
a  base  is  formed  for  the  boards  of  what  English  carpenters  would  call  stout 
fillets  of  wood  about  2  J  inches  square,  ranged  as  joists,  and  strutted  apart  to 
keep  them  in  their  places,  over  the  mortar  table,  to  which  they  are  some- 
times scribed  down,  and  that  to  these  fillets,  or  false  joists,  the  flooring 
boards  are  secured  by  nails  ;  so  that  in  truth  the  boarded  floor  is  not  at  all 
connected  with  the  structure  of  the  floor,  but  is  formed  upon  its  upper  coat 
of  plaster.  The  wooden  floor  thus  becomes  a  mere  fitting  in  an  apartment, 
and  not  extending  beyond  the  room  nor  over  the  passages  and  landings  to 
the  stairs,  the  floor  in  any  room  might  burn  without  communicating  fire  to 
the  stairs,  which,  in  their  turn,  if  they  could  burn,  could  hardly  endanger 
the  immediate  safety  of  any  inmate  of  the  building,  because  of  the  complete 
separation  which  the  tiled  and  plastered  floor  of  the  landings  effects  between 
the  wooden  stairs  and  the  several  apartments." 

The  author  remarks  that  a  similar  floor  is  used  at  Nottingham, 
where  the  houses  are  said  never  to  he  burnt,  and  are  free  from 
damp  and  vermin. 

Mr.  Hosking  objects  to  timber  being  laid  hedwise  in  walls,  or 
joists  being  let  into  them,  but  recommends  that  the  rafters  be  let 
in  and  properly  secured  against  fire. 

We  may  observe,  upon  a  note  of  Mr.  Hosking's  as  to  Flemish 
bond,  that  he  says  he  never  saw  Flemish  bond  in  Flanders,  at 
Rotterdam  and  the  Hague,  Antwerp,  Brussels,  Liege,  Cologne, 
Mentz,  and  Frankfort.  Now  there  is  only  one  of  these  towns  in 
Flanders,  and  this  is  no  proof  that  J'lemish  bond  is  not  to  be  found 
at  Ghent,  Bruges,  Courtrai,  Ostend,  Ypres,  Dunkirk,  Lille,  or 
other  towns  in  Flanders. 

Of  French  carpentry,  Mr.  Hosking  says  that  it  is  much  behind 
our's,  so  that  in  framing  the  floors  no  important  bearing  is,  or  in- 
deed may  be,  trusted  to  the  framed  joint,  dognailed  stirrup-straps 
of  iron  being  always  brought  in  aid.  He  says,  however,  that  their 
boarded  floors  are  always  tongued  in  the  joints,  and  almost  always 
parquetted,  and  so  resolved  into  compartments  of  various  figures, 
and  being  tongued  and  edge-nailed,  no  nail  or  bradheads  appear 
upon  the  surface  to  dot  over  and  disfigure  the  floors,  which  being 
for  the  most  part  of  wainscot,  are  far  more  sightly  than  the  best 
executed  deal  battened  floor  with  us. 

With  regard  to  Parisian  masonry  our  author  states, 

"  It  is  by  means  of  the  girder  bearing  upon  the  solids  of  the  walls,  though 
with  bad  carpenters'  work,  or  carpentering  rather,  that  the  French  are  aide 
to  carry  up  their  soft  stone  rubble  walls  to  heights  that  would  frighten  even 
a  London  builder,  and  that  would  certainly  be  unsafe  if  the  walls  were 
seamed  with  wooden  plates,  and  shaken  by  floors  of  single  joists.  The 
author,  being  at  Paris  in  1846,  measured  the  thickness  in  the  ground-floor 
story  of  a  newly-built  coursed-rulihle  party-wall,  in  the  Rue  de  la  Banque 
(the  Gresbam  Street  of  Paris),  and  found  it  to  be  exactly  18  English  inches 
in  that  part,  whilst  the  total  height  of  the  wall  was  not  less  than  8o  feet. 
The  wall  ran  up  of  that  same  thickness  through  six  stories,  a  height  of  not 
less  than  65  feet,  and  was  terminated  by  a  gable  of  from  12  to  15  feet  high, 
of  the  same  kind  of  structure  ;  and  there  was  besides  a  vaulted  basement 
story,  throughout  which  the  wall  might  have  been  20  inches  thick,  as  other 
similar  walls  then  in  progress  to  neighbouring  buildings  proved  to  be.  And 
it  is  by  means  of  the  solidity  given  to  the  floors  by  the  girders,  and  the  solid 
bearings  which  the  girders  obtain,  that  the  floors  are  able  to  carry  the  dead 
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weight  of  matter  v\liich  renilers  tliem  practically  fireprnnf,  in  addition  to  I'te 
moving  weights  to  which  the  floors  of  buildings  are  necessarily  exposed  to 
use." 

Among  Mr.  Hosking's  ohjeotions  is  tliat  to  the  use  of  concrete 
as  a  mere  footing  for  walls,  from  the  notion  that  a  foundation  is 
thus  rendered  strong  by  depth  ;  whereas  he  advocates  the  use  of  a 
thinner  layer  of  concrete  over  the  whole  foundation,  so  as  to  gain 
strength  by  an  increase  of  base. 

Another  objection  he  entertains  is  to  the  wooden  skirting-board, 
which  causes  filth,  discomfort,  and  danger,  as  it  is  often  too  close 
to  the  chimney  flue.  He  also  considers  that  tlie  deep  boxings  for 
window  sluitters  gratuitously  make  a  house  more  inflammable,  and 
he  reconnnends  metal  roller-blinds  instead. 

We  do  not  think  yir.  Hosking  dwells  too  much  upon  the  pre- 
cautions to  be  taken  against  fire  ;  and  if  any  of  our  readers  do,  we 
recommend  to  them  the  following  justification  : — 

"  It  appears  from  an  estimate  appended  to  a  Report  liy  Mr.  Fairhaim  on  the 
Conslruclion  of  Fireproof  Buildings,  with  Introductory  Remarks  hv  Mr. 
Samuel  Holmes,  pulilished  at  Liverpool  in  ISJ-I,  that  the  insuranre-offires 
paid  for  losses  by  fire  in  Liverpool  alone,  in  the  ten  years  ending  December, 
18-12,  the  suna  of  1,121,427?.  This  sum  does  not,  of  course,  include  the 
losses  of,  and  other  injuries  to,  the  poor  who  do  not  insure,  hut  who  are 
always  great  sufferers  in  cases  of  fire  ;  and  some  of  the  fires  which  occasioned 
the  losses  were  extensive  conflagrations,  in  which  lives  were  lost  in  the 
attempts  made  to  subdue  the  fire;  nor  does  it  include  a  probably  large 
amount  of  property  not  sufficiently  insured  to  cover  tlie  losses. 

Urged  by  successive  calamities  by  fire,  and  by  the  high  rates  of  premium 
which  tlie  insurance  offices  were  compelled  to  exact  to  enalde  them  to  meet 
the  losses,  the  people  of  Liverpool  applied  to  Parliament  at  length,  and  ob- 
tained, in  lS-13,  an  Act  to  compel  themselves  to  abide  by  certain  wholesome 
regulations,  as  it  regarded  the  security  of  buildings  from  fire.  The  effect  of 
this  Act,  6  &  7  Vict.  c.  109,  and  the  provision  of  a  supply  of  water  available 
in  case  of  fire,  has  been  to  reduce  the  rates  of  insurance  considerably;  but 
the  protective  measures  are  estimated  to  have  cost  from  200, OUO/.  to  300  000/., 
which  being  added  to  the  losses  above  stated,  with  a  tnfiing  addition  for  the 
hisses  not  included  in  the  estimate,  will  show  an  annihilation  of  property  in 
one  town  alone,  and  within  ten  short  years,  to  the  enormous  amount  of  a 
million  and  a  half  of  money." 

The  author  is  not  quite  clear  upon  the  subject  of  ventilation — 
but  then  it  is  in  its  infancy  :  still  his  remarks  are  well  worthy  of 
perusal. 

In  conclusion,  we  may  observe  that  Mr.  Hosking  has  rendered  a 
great  service  to  the  profession  by  the  publication  of  this  book,  as 
a  useful  work  of  reference,  and  as  a  vindication  of  tlie  practical 
claims  of  the  architectural  profession  to  their  proper  share  in 
structural  arrangements. 


Rnihmti  Practice.  By  S.  C.  Brf.es,  C.E.  London  :  AV^illiams 
and  C'o.,  184.7.     Third  and  Fourth  Series. 

These  are  two  large  volumes  with  a  profusion  of  plates,  forming 
the  third  and  fourth  of  the  series  of  railway  practice.  They  are 
translations  from  the  Portefenille  ck.s  Clicmbt.s-  de  Fci\  by  Messrs. 
Perdonnet  and  Poltinceau,  but  derived  from  English  materials.  It 
is  a  curious  thing  that  we  should  be  indebted  to  the  French  for  the 
description  of  our  own  railway  works,  and  that  there  should  be  a 
want  either  of  enterprise  or  zeal  to  publish  an  original  account. 
So  it  is  however  that  we  are  particularly  deficient  in  accounts  of 
our  great  engineering  works,  and  this  from  three  causes :  that  our 
great  engineers  ha\e  no  time  to  write,  that  our  young  engineers 
have  no  ability  to  write,  and  that  engineers  generally  do  not  buy 
nor  read  works  when  published.  Thus  we  are  often  served  at 
second-hand  with  accounts  of  our  own  works  by  Frenchmen,  Ameri- 
cans, Germans,  or  Russians,  and  after  the  experiment  lias  been 
made  abroad,  we  get  confidence  enough  to  make  a  trial  here.  We 
are,  perhaps,  the  more  indebted  under  such  circumstances  to  tliose 
who,  like  Mr.  Brees,  take  the  trouble  and  the  risk  of  making  us 
acquainted  with  our  own  works.  In  tlie  present  instance,  we  have 
from  Mr.  Broes  two  volumes,  irhich  will  be  found  invaluable  as  re- 
cords of  the  best  practical  examples  of  railway  engineering.  If 
we  have  any  fault  to  find  it  is  that  he  has  not  suiKciently  reduced 
the  French  measurements,  a  labour  which  if  ])erformed  by  him  or 
his  assistants  would  have  saved  that  of  his  readers. 

The  third  volume  is  devoted  to  earthworks,  permanent  way, 
blocks  and  sleeper.s,  rails  and  chairs,  with  turn-tables,  sidings,  and 
switdies.  The  fourth  \olume  describes  stations,  carriages,  trucks, 
water  cranes,  and  station  plant. 

When  we  say  that  there  are  more  plates  than  te.xt,  we  think  we 
offer  a  very  strong  recommendation  of  the  work  to  the  practical 
man.  These  ])lates  too  are  filled  with  details,  so  that  nothing  is 
wanted  to  give  a  correct  idea  of  everything  described. 


Among  the  plates  are  :— The  forms  of  every  kind  of  rail  in  use 
in  England  and  elsewhere  ;  machinery  used  for  making  rails;  na- 
vigators and  platelayers'  tools ;  .sw'itches  on  various  plans  by 
Robert  Stephens<in  and  others;  turntables  of  the  London  and 
North  M'estern,  Midland  and  Great  Western  railways;  locomotive 
turntable ;  weigh-hridge  ;  level  crossings  and  gates ;  double  and 
single  hoist  bridges  ;  crossings  for  temporary  works  ;  eartliwagons 
of  the  Lmidon  and  North  \\'estern  and  Great  'Western;  Mr.  Jee's 
Garton  station  on  the  Manchester  and  Sheffield ;  bridges  over  the 
Wear,  Clyde,  and  Meuse;  viaducts  on  the  Manchester  and  Sheffield, 
and  Manchester  and  Leeds ;  culverts  on  the  London  and  North 
Western.  Among  the  carriages  are  those  of  the  London  and  North 
Western,  Birmingham  and  Gloster,  Great  \restern,  of  French, 
German,  and  Belgian  railways,  with  details  of  the  w'heels,  axles' 
frames,  buffer-springs,  and  breaks.  These  plates  of  carriages  in- 
clude passenger  and  mail  carriages,  horse-boxes,  trucks  and  goods 
wagons.  This  part  is  of  particular  value  at  a  time  when  the  in- 
fluence of  the  carrying  stock  on  the  structure  and  working  of  a 
line  is  the  point  which  most  affects  the  engineer.  As  the  plant  in- 
creases, and  tlie  necessity  for  economy  in  the  working  becomes 
greater,  tlie  attention  of  the  engineer  is  well  bestowed  on  a  know- 
ledge of  the  best  construction  of  carriages,  and  the  most  efficient 
means  of  improving  them.  Hitherto  \ery  much  attention  has 
been  given  to  the  locomotive,  and  to  systems  of  atmospheric  trac- 
tion, but  a  more  immediate  reference  to  the  load  to  be  carried  is 
the  point  to  which  the  engineer  will  for  some  time  have  most  to 
direct  himself.  The  establishment  of  lighter  engines  and  smaller 
trains  will  call  for  a  great  deal  of  ingenuity  to  provide  plant  suit- 
able for  such  a  different  system  of  traction. 

Mr.  Brees  gives  many  examples  of  large  stations  and  their  de- 
tails. Among  them  are  the  South  M'estern  at  Nine  Elms,  the 
Euston-square  terminus,  tlie  Birmingham  terminus,  the  Nordbahn 
station  at  Vienna,  the  Brunn  station  on  the  latter  line,  stations  at 
Versailles  and  Pecq,  the  terminus  of  the  A'ersailles  line  at  Paris, 
the  Dublin  and  Kingstown  terminus,  and  the  Leeds  statimi.  Be- 
sides these  leading  termini  and  stations,  plans  are  given  of  inter- 
mediate stations,  as  Tring,  A\'atford,  ^Volverhampton,  Newton,  and 
Coventry,  on  the  London  and  North  AVestern  ;  Thames  Ditton,  on 
the  South  Western  ;  Reiiding  and  Slough,  on  the  Great  \\'estern. 
and  numerous  places  on  foreign  lines.  Many  of  these  stations, 
as  those  on  the  Paris  and  Rouen,  are  the  work  ofEnglish  engineers, 
and  it  is  gratifying  to  perceive  that  many  details  introduced  by 
them  have  served  as  an  example  to  their'  foreign  brethren.  The 
study  of  the  foreign  plans  by  English  engineers  will  enable  them 
to  return  the  compliment,  because  the  experience  and  ingenuity  of 
the  many  men  of  ability  employed  abroad  cannot  fail  to  be  pro- 
ductive of  many  valuable  improvements. 

In  conclusion,  we  can  only  repeat  what  we  have  said  in  the  be- 
ginning, that  Air.  Brees's  work  will  be  found  most  useful  to  the 
engineer.  It  is  a  rejiertory  of  every  practical  detail  connected 
with  railway  works,  and  it  lias  the  advantage  of  presenting  copious 
examples  under  every  head  of  reference.  With  these  words  we 
commit  the  work  to  the  hands  of  our  readers,  being  fully  satisfied 
that  it  is  well  worthy  of  their  support. 


Designs  for  Schools  and  School-Houses,  Parochial  and  National. 
By  H.  E.  Kendall,  jun..  Architect.  London  :  AVilliams  and  Co., 
1847.     Folio. 

Next  to  churches,  schools  are  perhaps  the  class  of  buildings 
most  in  request,  owing  to  the  necessity  that  is  felt  for  pi-oviding 
education  for  the  poorer  and  humbler  ranks  of  society.  Numer- 
ous buildings  of  the  kind  have  accordingly  been  founded  and 
erected  of  late  years,  yet  very  few  are  so  satisfactory  in  point  of 
design  as  they  might  have  been  rendered,  at  the  same,  or  very 
nearly  the  same  cost,  merely  by  the  application  of  a  little  study 
and  judicious  taste.  Or  if  it  be  deemed  of  no  moment  of  what 
kind  the  taste  shown  in  such  structures  be,  it  is  safer  as  well  as 
more  economic  to  attempt  nothing  more  than  what  utility  abso- 
lutely demands.  Wo  agree  with  Air.  Kendall  when  he  says, 
"although  some  of  the  national  schools  lately  erected  are  very 
creditable  to  their  respective  architects,  the  general  i-esult  of  the 
great  movement  apparent  in  the  building  of  churches,  schools,  &c., 
redounds  rather  to  the  honour  of  resuscitated  zeal  than  to  that  of 
architectural  talent.  So  great  is  the  tameness,  and  so  apparent 
the  mediocrity  of  conception,  both  in  arrangement  and  style,  in 
many  of  them,  that  were  it  not  for  the  good  they  effect,  we  should 
regret  their  very  existence."  As  regards  the  utter  tastelessness 
frequently  shown  in  things  of  the  kind,  blame  rests  as  much  with 
the  employers  as  with  the  employed,  since  it  is  the  ignorance  of 
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the  former — -their  incompetency  to  juil^e  of  (lesiiriis  sulimittcd  to 
them,  tofjetlier  witli  tlieir  chililish  iletermin;itioii  to  exercise  tlie 
privilcfre  of  pleasini;  themselves  witliout  beiiiff  accouiitalile  to  iiny 
one  for  \vli;it  they  do — that  encourages  so  miidi  paltry  design. 
The  tel  est  iiiStiv  pliiixii-  will  not  excuse  deformity  in  the  eyes_  of 
others,  who  will  in  turn  exercise  tlieir  own  privilege  of  expressing 
censure  and  ridicule  where  they  are  deserved — a  consideration  that 
ought  to  he  seriously  taken  to  mind  by  those  who  have  the  direct- 
ing of  far  more  impcu'tant  edifices  than  school-houses. 

"Something  of  external  comeliness" — we  again  i|uote  from  the 
preface — "  should  be  assigned,  as  matter  of  course,  to  the  humblest 
of  sucli  erections ;  and,  under  the  direction  of  good  taste,  useful- 
ness of  purpose  and  beauty  of  design  may  be  made  mutually  to 
subserve  to  each  other,  even  when  the  latter  is  but  a  secondary 
consideration."  It  may  be  further  obser\ed,  that  it  is  not  so  much 
positive  lieauty  as  well-marked  character  and  effectiveness  of 
ensenMe,  that  o\ight  to  be  studied  for  buildings  in  which  a  certain 
degree  of  Iiomeliness  is  no  more  than  becoming.  And  this  has 
upon  the  whole  been  well  accomplished  by  .Air.  Kendall — though, 
as  was  to  be  ex])ected,  more  happily  in  some  instances  than  in 
others.  The  collection  consists  of  both  executed  and  unexecuted 
designs,  each  of  which  is  shown  in  a  perspective  or  pictorial  view 
of  it,  as  well  as  by  a  [dan  and  elevation  ;  and  there  is  also  letter- 
press to  each  subject,  containing  remark  as  well  as  mere  explana- 
tion. The  unexecuted  designs  are  five  in  number  ;  the  others  are 
those  of  the  following  buildings  which  have  been  erected  by  tlie 
author :  C^hilderditch  School,  Essex ;  the  Poor  Boys'  School,  the 
Poor  Girls'  School,  and  the  Commercial  School,  all  at  Bury  St. 
Edmund's;  the  building  for  the  Battle  and  Langton  National 
Schools,  at  Battle ;  Willesden  School;  and  the  Infant  School  at 
Stanmore,  which  last  is  said  in  the  account  given  of  it  to  have 
been  erected  in  1845,  "at  the  sole  expense  of  Miss  Martin,  a  lady 
distinguished  during  her  residence  in  that  beautiful  village  for  her 
benevolence  and  extended  charities." 

All  the  designs  may  be  designated  Old  English  in  style,  although 
it  is  not  that  of  one  and  the  same  period ;  nor  do  they  all  show  the 
same  mode  of  construction,  some  of  them  being  in  imitation  of 
the  "  lialf-timbered"  houses,  others  of  red  l)rick  with  stone  dress- 
ings and  (juoins.  Tlie  Elizabethan  style  has  been  applied  very 
happily  in  what  strikes  us  as  being  the  best  design  of  all — namely, 
the  school  buildings  at  Buttle,  in  wliich,  while  the  character  of  the 
style  itself  is  not  only  well  kept  up  but  expressed  witli  gusto,  the 
cluiracter  of  the  particular  kind  of  building  is  most  unmistakenably 
])ronounced.  Althougli  perfectly  regular,  both  in  the  arrangement 
of  its  masses  and  the  features  of  its  elevaticui,  the  whole  composi- 
tion, as  shown  in  the  perspective  view,  is  pleasingly  varied  and 
higlily  picturesque,  yet  sufficiently  sober  withal.  Thie  last  subject, 
design  No.  5,  simws  a  rather  extensive  and  complex  group  of 
buildings  in  the  Tudor  style,  and  in  perspective  makes  a  \ery  pic- 
turesque composition.  Independently  of  the  interest  and  merit  of 
the  designs  themselves,  the  artistic  skill  displayed  in  the  pictorial 
representations  of  them  cannot  fail  to  excite  admiration.  Tliey 
are  very  superior  productions  of  their  kind, — studies  of  trees  and 
figures  as  well  as  of  l)uildings.  Owing  to  which,  to  the  subject 
itself,  and  to  tlie  tasteful  manner  in  which  tlie  work  is  got  up  in 
every  respect,  we  may  anticipate  for  it  a  highly-favourable  reception 
even  among  tliosewiio  liardlymake  any  pretensions  to  amateurship 
in  architecture. 


HISTORY  OF  ARCHITECTURE. 

We  have  received  the  following  communications  in  reference  to 
Mr.  Elmes's  papers,  and  wliich  we  lay  before  our  readers  : — 

Sib — In  your  Jmirnal  for  November  last,  page  338,  there  is  a 
statement  which,  I  fear,  may  lead  some  of  your  readers  into  error. 
In  the  life  of  Stuart  it  is  said,  "  Preparation->  for  his  works  were 
made  with  siu^h  rapidity,  that  in  17(j8  they  were  jiresented  to  the 
public  under  the  title  of  'The  Antiquities  of  Athens,  iVc.  &c.' 
4  vols,  folio,  1768."  Now,  the  First  Volume  was  pulilislied,  as  my 
two  original  copies  show,  by  IIaberk(U-n,  in  ITfi'i,  and  nothing  is 
said  in  tbe  title-page  of  four  volumes  (althougli  in  tlie  body  of  tlie 
work  two  more  volumes  are  referred  to,  and  tim)  only) ;  it  is  dis- 
tinctly marked  Vol.  the  First.  Vol.  II.  was  iiulilislied  by  Nichols, 
in  1787  ;  Vol.  III.  also  by  Nichols,  in  1794  ;  and  Vol.  IV.  by  Tay- 
lor, in  1816 — that  is,  not  till  48  years  after  the  time  above  referred 
to. 

In  page  340,  in  the  life  of  Sir  Robert  Taylor,  i.s  one  of  those 


commonplace  and  sweeping  attacks  so  const  vntl/  direrted  against 
the  late  IJuildiiig  .-Vet,  and  in  which  I  never  did,  and  do  not  now, 
join.  That  it  had  some  defects,  as  well  as  some  omissions,  I  am 
free  to  own,  as  well  as  that  in  these  respects  it  reipiire  1  alteration 
— perhaps  in  no  respect  more  than  in  its  pi'ovision  for  tlie  jiayment 
of  expenses  of  party-walls  by  the  owner  of  tlie  improved  rent,  a 
term  which  tlie  result  proved  to  be  alike  uncertain  and  unjust. 
But  that  it  was  infinitely  better  as  a  whide  tli;in  its  successor,  is,  I 
believe,  now  almost  universally  admitted,  and  I  could  wish  those 
who  so  hivisly  condemn  the  late  Act  in  the  bulk,  would  condescend 
to  explain  more  fully  those  particular  parts  of  it  against  wliich 
their  attacks  are  directed,  or  to  which  they  object. 

A  Constant  Kkadeii. 

Sir — The  series  of  articles  entitled  a  "  History  of  Architecture 
in  Great  Britain,"  contains  some  opiiii<uis  and  remarks  that  ajqie  r 
to  have  been  uttered  rather  hastily.  I  hope,  therefore,  you  will 
allov/  me  to  animadvert  <ui  what  ought  not,  for  the  interest  of  art, 
to  be  suffered  to  ]kiss  uncontradicted. 

To  begin  by  correcting  some  of  the  mistakes : — The  design  of 
the  India-House  is  attributed  to  Jupp,  the  Company's  surveyor, 
who  was  only  emphiyed  to  execute  the  works,  the  design  itself 
being  by  Holland,  as  is  explicitly  stated  in  the  biographical  article 
on  the  latter  in  the  Sujiplement  to  the  "  Penny  Cychqii^dia." 
Jupp  certainl)'  does  not  ajipear  to  haxe  been  of  any  note  at  all  in 
his  profession,  therefore  it  is  not  very  likely  that  he  was  the  real 
author  of  the  edifice  ;  or  at  any  rate,  if  such  claim  was  to  be  sub- 
stantiated for  him,  that  of  Holland  ought  to  have  been  not  over- 
looked but  formally  set  aside. — In  speaking  of  the  College  of  Sur- 
geons, Air.  Elmes  describes  in  the  present  tense  the  original  front, 
or  rather  the  portico  as  it  originally  existed  previously  to  the  front 
being  extended  and  re-modeUed  by  Mr.  Barry,  who,  he  says,  added 
two  columns  to  the  portico  ;  were  which  the  case,  it  either  must 
have  been  at  first  only  a  tetrastyle,  or  would  now  be  an  octastyle 
one.  The  fact  is,  that  instead  of  adding,  Barry  merely  transposed 
two  of  the  columns,  taking  them  from  the  west  end  of  the  piu-tico, 
and  putting  them  at  the  other,  thereby  making  what  had  been  the 
first  intercolumn  from  the  east,  the  centre  one,  and  so  bringing  it 
into  the  axis  of  the  lengthened  faf  ade.  He  also  fluted  the  sliafts  of 
the  columns,  and  carved  the  bed-mouldings  of  the  cornice.  The 
writer's  opinion  of  the  College  of  Surgeons  in  its  original  state, 
appears  to  be  infinitely  moi"e  favouralile  than  discriminating,  he 
being  pleased  to  refer  to  it  as  an  "  example  of  the  genius  of  this 
tasteful  architect,"  viz.  Dance, — whereas,  as  designed  by  him,  the 
whole  front  was  a  most  barbarous  and  vulgar  parody  of  the  st)K> 
affected  for  it.  So  far  from  the  columns  being  "  tastefully  adapted" 
to  the  building  behind  them,  there  was  no  sort  of  adaptation  at 
all,  nor  the  slightest  coherence  in  regard  to  character  between  the 
main  building  and  the  portico.  Many  may  be  unable  to  recollect 
what  sort  of  figure  the  original  front  cut,  but  views  of  it  are  in 
existence,  which  assuredly  strongly  contradict  the  praise  which 
Mr.  Elmes  has  implicitly  bestowed  upon  it. 

With  regard  to  the  frimt  of  Guildhall,  by  the  sanu^  "tasteful 
architect,"  we  are  told  apologetically  that  it  "  is  amenable  to  no 
laws."  That,  notwithstanding  its  aiming  at  Gothic  or  something 
of  Gothic  character,  it  is  so  far  from  conforming  with  as  to  violate 
its  leading  princijiles.  Yet  that  might  have  been  excused,  had  but 
consistent  and  artistic  expression  of  its  own  been  imparted  to  the 
facade.  Tluuigh  evidently  very  reluctant  to  admit  anything  tii 
the  disparagement  of  Dance,  even  Mr.  Elmes  is  obliged  to  abandon 
the  exterior  of  (Jiiildhall  to  unmitigated  censure  and  ridicule,  and 
remark  that  its  "  faults  are  nioi-e  than  compensated  for  by  bis  well- 
pro]iortioned,  original,  and  elegant  chamber  for  the  Common- 
council,  i!v-c."  Ailmitting  that  tlie  latter  were  very  greatly  supe- 
rior to  what  it  actually  is,  it  would  not  indemnify  fiu-  the  positive 
and  striking  ugliness  of  the  exterior,  which  of  course  stamps  the 
character  of  the  building  in  general  ojiinion,  and  is  so  radical  a 
defect  that  it  admits  of  no  cure  short  of  an  entirely  new  fa,-ade  ; 
whereas  any  de'Rjct  or  falling-short  internally  in  such  an  apartment 
as  the  Common-OQuncil-room  might  have  been  easily  remedied  at 
any  time.  \ 

in  his  quality  of  Mstorian  the  writer  has  fallen  into  a  most 
glaring  mistake  when  he  says  that  Jeffrey  Wyatt  was  selected  by 
William  IV.,  as  his  chief  architect,  to  enlarge  and  embellish 
AVindsor  Castle,  it  being  notorious  to  every  one,  that  he  was  em- 
ployed by  George  IV.,  at  the  time  of  whose  decease  the  works  were 
advancing  towards  completion,  for  he  had  begun  the  new  a]iart- 
ments.  Equally  notm-ious  is  it  that  it  was  tieorge,  not  'William, 
who  changed  the  architect's  name  to  that  of  ^Vyattville. 

Wilkins  is  not  treated  very  indulgently  by  the  historian  ;  on  the 
contrary,  is  spoken  of  with   a  degree  of  asperity  that  contrasts 
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rather  strongly  with  the  evident  disposition  to  touch  as  gently  as 
possible  upon  the  delinquencies  of  many  other  architects  Thouf;h 
the  general  estimate  of  the  abilities  and  taste  of  'Wilkins  may  lie 
acquiesced  in,  it  seems  to  have  been  dictated  by  the  determination 
not  to  spare  him.  Tliat  he  was  more  of  the  scholar  and  archaeo- 
logist than  the  architect — far  more  of  the  "  bookisli  student"  tlian 
tlie  artist — is  not  to  he  denied.  As  to  Wilkins'  pedantry,  that 
charge  against  him  is,  no  doubt,  founded  mainly  upon  his  having 
written  and  pul)lislied  so  much  as  he  did  ;  whereas,  had  he  never 
taken  up  the  pen  at  all,  lie  might  have  been  equally  pedantic  in 
practice,  without  incurring  the  reproach  of  pedantry.  Downing 
and  Haileybury  colleges  may  be  abandoned  to  censure,  as  equally 
frigid  and  tasteless  in  jioint  of  design;  but  an  exception  irom  the 
general  sweeping  condemnation  ought  assuredly  to  have  been  made 
in  favour  of  the  London  University  College,  which  exhibits  lioth 
classical  and  artistic  cliaracter,  and  very  efl'ective  play  of  outline. 
Undeniable  it  is  that  it  has,  even  in  its  present  imperfect  state, 
obtained  the  meed  of  almost  unqualified — not  to  say  exaggerated 
— admiration  from  AVightwick  and  other  professional  men.  K\en 
Mr.  Elmes  himself  did  not  always  entertain  so  mean  an  opinion  of 
that  work  of  Wilkins  as  at  present  ;  or  if  he  did,  he  thought  pro- 
per to  keep  it  to  himself,  for  speaking  of  it  about  the  time  it  was 
erected,  he  says:  "The  council  obtained  designs  from  several  ar- 
cliitects,  and  after  due  deliberation,  finally  adopted  that  of  Wil- 
liam ^\'ilkins,  Esq.  K.A.,  a  selection  in  which  their  own  judgment 
coincided  with  that  of  almost  every  proprietor  who  inspected  the 
drnwings."  This  goes  far  to  prove  that,  at  all  events,  the  choice 
was  not  a  hastily,  inconsiderate  one,  or  managed  with  suspicious 
secrecy.  Neither  is  there  a  single  remark  of  the  writer's  expres- 
sive of  dissatisfaction  with  it.  Yet  he  now  speaks  not  a  little  con- 
temptuously of  the  building,  without  condescending  to  specify 
other  objections  than  what  is  meant  to  he  so  overwhelming  a  one 
as  to  outweigh  all  beauties  and  merits,  namely,  that  "the  portico 
is,  from  its  situation,  but  of  little  use" — nay,  "  a  useless  applica- 
tion, stuck  up  for  the  admiration  of  gazing  cabmen  and  hackney- 
coachmen,  whilst  loitering  on  their  stand."  AVith  what  sort  of 
reason  is  the  loggia  at  the  south-west  angle  of  the  Bank  so  highly 
extolled  immediately  after  Wilkins'  portico  being  decried  ?  it  being 
nothing  more  than  a  ])iece  of  decoration  which  does  not  even  carry 
with  it  any  senililance  of  usefulness. 

Of  M'ilkins'  style  it  is  said  that  it  was  "the  very  mummy  of  the 
art ;"  yet,  if  it  was,  he  unbandaged  it  when  he  designed  the  build- 
ing in  Gower-street,  for  even  in  its  present  imperfect  state  it 
displays  no  ordinary  merit  in  regard  to  grouping  and  the  fine 
focus  produced  by  the  central  mass.  As  an  example  of  a  decastyle, 
the  portico  is  unique  among  those  in  the  metropolis, — a  circum- 
stance which  an  impartial  and  unprejudiced  critic  would  at  least 
have  noticed  ; — and  it  acquires  additional  expression  and  stateli- 
ness  from  being  elevated  on  a  substructure  that  forms  flights  of 
steps  leading  up  to  it,  which  are  very  picturesquely  disposed.  In 
this  latter  respect,  too,  the  composition  may  be  said  to  be  unique — 
certainly  is  very  striking  and  artistic.  As  to  the  dome,  it  is  of 
most  elegant  contour  and  design;  and  if  it  be  objected  to  tliat 
it  is  a  feature  unknown  to  pure  Greek  architecture,  the  objection 
is  a  proof  that  those  who  make  such  futile  objection  are  still  more 
straitlaced  and  pedantic  in  their  notions  than  Wilkins  himself. 
The  value  of  it  in  the  composition  is  such  that  were  it  removed  the 
whole  would  become  comparati\el)'  tame  and  spiritless.  The  por- 
tico in  the  east  fro)it  of  St.  George's  Hospital  afi'ords  another  proof 
that  the  "mummy"  was  occasionally  unbandaged.  That  square- 
pillared  tetrastyle  partakes  more  of  architectural  heresy  than 
pedantry.  Still  the  heresy,  if  such  it  be,  is  a  welcome  one,  and  it 
has  been  welcomed  by  being  adopted  in  the  facade  of  the  new  Law 
Courts  at  Liverpool,  wliere  the  columniation  is  carried  on,  on  each 
side  of  tlie  central  portico,  in  square  pillars ;  therefore  producing 
contrast  and  variety,  at  the  same  time  that  continuity  of  design  is 
kept  up. 

It  begins  to  be  time  to  bring  to  a  close  this  long  letter,  where- 
fore I  will  be  somewhat  brief  in  regartl  to  what  is  said  of  Soane. 
As  criticism,  it  is  far  more  indulgent  than  discriminating,  or  in  some 
respects  even  intelligible.  At  any  rate,  it  is  somewhat  puzzling  to 
make  out  what  is  meant  by  his  buildings  at  Chelsea  Hospital,  and 
the  National  Delit-olfice,  exhibiting  "  a  wild  exuberance  of  no- 
velty," since  so  far  from  any  thing  like  exuberance,  they  exhibit 
only  very  unequal  and  fitful  attempts  at  it.  His  building  at  the 
Treasury,  the  Royal  entrance  to  the  House  of  Lords,  and  "  some 
others  o{  hia  earlier  works" — though  the  two  just  mentioned  were 
almost  his  very  latest — are  said  to  show  "  exuberance  of  fancy"— a 
mere  complimentary  phrase,  for  his  fancy  was  in  reality  exceed- 
ingly limited  It  exercised  itself  only  on  one  or  two  piecemeal 
ideas,  which  he  dragged  into  all  his  designs,  without  making  any 


thing  more  of  them  at  last  than  he  had  done  at  first.  Soane  ha'' 
no  consistency  of  style, — did  not  even  attend  to  keeping,  but  often 
jumbled  together  the  most  finical  ornaments  and  the  plainest 
features.  In  his  building  at  the  Treasury,  the  windows  were  as 
ordinary,  bare,  and  frigid  in  design,  as  the  order  was  rich.  There 
was  not  a  single  touch  of  Corinthianism  in  them. 

In  speaking  of  the  Lothbury  Court  at  the  Bank,  Mr.  Elmes 
again  falls  into  inaccurac)-,  describing  it  not  as  it  is,  but  as  it  was 
intended,  for  instead  of  their  being  two  loggias  there  is  only  one, 
what  was  meant  for  the  west  one  being  left  unfinished — a  mere 
open  screen  of  columns,  if  that  can  be  called  a  screen  which  ex- 
poses to  ^iew  most  unsightly  naked  brick  walls  and  mean,  ugly 
windows.  Even  the  opposite  finished  side  of  the  court  is  very  un- 
satisfactory, the  interior  of  the  loggia,  though  pretty  enough  in 
itself,  by  no  means  corresponding  to  the  sober  richness'and  dignity 
of  the  order.  As  to  the  Rotunda,  it  is  most  vilely  disfigured  by 
the  equally  barbarous  and  nonsensical  wavy  lines  around  the  arches 
of  the  recesses,  which  seem  to  have  been  made  by  a  stick  upon  some 
soft  material  while  it  was  moist.  It  is  admitted  that  the  centre  of 
the  south  front  of  the  Bank  "is by  no  means  the  happiest  ofSoane's 
designs,"  and  that  is  treating  it  tar  more  tenderly  than  it  deserves, 
for  it  is  such  a  decided  failure  and  abortion  that  it  ought  to  be 
subjected  to  the  same  process  of  rifacciamento  as  his  Treasury 
building  has  been. 

Zero. 


DISSERTATION  ON  TORRENTS.— By  Guolielmini. 

Translated  bi/  E.  Ckesy,  Esq.,  in  his  Evidence  before  the  Metropo- 
litan Sanitary  Coiiiniissioners. 

I  come  now  to  the  projiositions  of  Guglielmini,  in  which  he  pre- 
tends that  a  body  descending  an  inclined  plane,  will  not  ac(iuire  a 
velocity  greater  than  it  would  have  acquired  by  descending  per- 
pendicularly the  height  of  the  inclined  plane. 

This  is  most  true  as  respects  sftlids.  The  elements  of  a  solid 
being  bound  and  tied  together,  form  a  heavy  mass,  the  (larts  of 
which  press  each  other,  reciprocally,  and  the  pressure  on  the  plane 
on  which  they  rest  is  likewise  single,  as  also  is  the  direction  ;  one 
velocity,  one  energy,  and  one  action  being  common  to  all  the  parts. 
On  the  other  hand,  a  fluid  is  a  mass  composed  of  lesser  solid  ele- 
ments, but  free,  and  not  bound  together  by  any  ties,  each  of  which 
can,  so  to  speak,  move  in  diflFerent  directions  and  with  varying 
velocities,  press  upon  each  'other  and  oscillate  freely.  AVhence  the 
highest  ])arts  press  upon  the  lower,  oscillate,  and  are  easily  dis- 
placed wlien  there  is  no  impediment.  When  solids  descend  by  a 
plane,  tlieir  individual  gravity  alone  operates  ;  which  being  less 
than  their  absolute  gravity,  generates,  at  each  instant,  a  degree  of 
velocity  less  than  that  which  their  absolute  gra\'ity  would  have 
generated,  wherefiire  solids  require  a  longer  time  to  descend  by  the 
inclined  plane  than  by  the  perpendicular,  the  length  of  time  mul- 
tiplies the  action  of  the  individual  gravity,  and  compensates  for 
the  defect  of  tlie  velocity.  Wherefore  a  solid  descending  by  an 
inclined  plane,  has  a  velocity  equal  to  what  it  would  have,  falling 
the  same  height  directly.  Hence  the  product  of  tlie  action  of 
the  individual  gravity,  by  the  time  of  the  descent  by  the  inclined 
plane,  being  e(|ual  to  the  product  of  the  absolute  gravity,  by  the 
time  of  the  fall  along  a  perpendicular,  their  velocities  must  neces- 
sarily be  equal.  But  in  fluids  the  case  is  difl'erent.  Besides  the 
properties  wliicli  they  possess  in  common  with  solids,  they  have 
another,  to  wit,  the  pressure  exercised  by  the  upper  on  the  lower 
part  of  the  fluid,  the  which  being  added  to  the  impact,  increases 
the  motion  also,  and  hence  generates  a  greater  eff'ect  than  a  solid 
would.  Neither  is  it  absurd  to  suppose  that  the  gravity  of  a  fluid 
generates  a  greater  \'elocity  on  a  plane,  than  when  acting  perpen- 
dicularly, since  this  generates  in  greater  time,  and  with  a  portion 
of  gravity  which  in  a  solid  which  falls  remains,  so  to  sjieak,  idle, 
but,  in  the  case  of  a  fluid,  becomes  active.  John  BernouilH,  in  his 
works,  gives  a  prolilem  to  find  the  velocity  generated  l>y  a  body 
sliding  on  the  hvpothenuse  of  a  triangle,  whose  base  is  sustained 
by  a  smootli  horizontal  plane,  free  from  any  sensible  friction,  and 
moving  in  the  direction  of  the  base.  He  decomposed  the  force 
pressing  tlie  hypothenuse,  or  inclined  plane,  into  two  jiarts,  one  of 
which  is  employed  in  gi^'ing  motion  to  the  triangle,  and  sliding  it 
forward  ;  whilst  the  body  descends  on  the  plane,  advances  the  tri- 
angle, and  communicates  thereto  a  certain  rate  of  velocity ;  the 
descending  body  thus  requires  a  velocity  equal  to  that  which  it 
would  have  in  fiilling  jierpendicularly,  and  the  triangle  lias  another 
force  generated  by  that  which  presses  it,  whence  it  results  that  the 
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sum  of  the  two  motions  is  greater  tlian  tliat  which  a  body  would 
aocjiiire  by  its  simple  descent.  \V'lierefore,  since  the  aforesaid 
force  liy  ]iressinfjf,  generates  veh)city  and  motion  distiiu't  from  tliat 
whicli  a  body,  in  descending,  generates  ;  in  like  manner  it  is  ap- 
plicalde  to  water  pressing  on  the  lower  films,  and  by  jiressing,  com- 
nmnicating  additional  force  to  them.  Besides,  there  are  other 
reasons  corroborative  of  this  truth,  among  whidi  is  the  fact,  that 
it  is  necessary  to  spread  the  accelerated  velocity  <if  water  passing 
from  a  larger  to  a  narrower  section  over  a  mean  of  pressure. 

Galileo  says,  "  I  have  been  carefully  considering  and  going 
through  various  problems  to  investigate  the  acceleration  of  water 
having  to  pass  through  a  narrower  channel,  also  whether  it  has  the 
same  declivity  in  both."  The  greater  nund>er  of  authors  sidve  the 
lioint  by  increasing  the  height  of  the  water,  and  lience  the  pres- 
sure, thus  generating  a  greater  velocity.  Eustace  Manfredi  thus 
expresses  himself  :^ — "  The  same  water  passes  through  a  lesser  as 
through  a  greater  section,  wherefore  it  is  forced  to  pass  with  a 
greater  \elocity,  precisely  as  will  be  the  case  in  a  vase  in  which 
the  surface  of  the  water  maybe  at  a  certain  height  above  the  sum- 
mit of  the  aperture."  Guglielmini,  to  the  same  effect : — "  The 
Tipper  parts  press  the  lower,  and  oblige  them  to  receive  a  force, 
wliich  being  compelled  to  act,  produces  the  same  degree  of  velocity 
which  the  descent  winild  have  given  them."  VVe  might  quote 
other  authors,  who  account  for  the  increased  velocity  in  narrower 
sections  by  having  recourse  to  the  pressure  generated  by  the  height 
of  the  upper  parts,  only  they  are  in  doubt  on  this  subject,  whether 
to  attain  so  great  a  velocity  it  be  necessary  that  the  upper  w  ater 
should  increase  in  height  till  it  becomes  stationary;  not  being  able 
to  believe  that  the  upper  water  which  is  in  the  act  of  running  is 
capable  of  producing  a  new  increment  of  velocity  in  the  lower. 
But  experience  teaches  us  that  if  the  breadth  of  a  section  be 
diminished  one-half,  the  water  will  not  rise  that  half,  as  would 
appear  necessary ;  if  the  velocity  does  not  increase,  it  increases 
at  least  very  little,  either  in  section  or  at  the  base,  where  the  re- 
duced sections  are  of  the  same  breadth,  since  the  water  retained 
by  the  narrowing  of  the  piers  of  a  bridge  is  but  slightly  raised. 
Wherefore  it  is  necessary  that  the  velocity  increase  without  having 
regard  to  any  new  inclination,  which  is  always  the  samc\  but  only 
by  an  increase  of  height,  which  causes  a  pressure  on  the  lower 
water  which  is  in  the  act  of  running  ;  wh^ice  I  deduce  the  argu- 
ment to  strengthen  my  opinion  in  the  ease  in  which  the  velocity, 
arising  from  the  inclination,  is  equal  or  greater  tlian  that  which 
might  have  been  generated  by  the  pressure.  Let  us  take  two  cases, 
one  which  allows  the  same  measure  of  water  to  pass  through  mie 
section  twice  as  little  as  the  first,  preserving  the  same  inclination, 
the  other  in  which  the  \  elocity  increases  till  it  becomes  twice  as 
much. 

But  whence  comes  such  an  increase  of  velocity .''  what  is  the 
principle,  what  the  nature  of  it  ?  To  say  with  Gennete,  that  twice 
the  quantity  of  water  doubles  the  velocity,  is  not  to  adduce  a  proof 
but  to  advance  a  mere  assertion,  which  either  supposes  or  requires 
it.  I  do  not  think  that  a  true  philosopher  w  ill  jiereeive  in  the  in- 
crement of  so  nmcli  water  the  principle  of  so  great  an  acceleration. 
It  behoves  us  to  examine  the  genesis  of  such  a  plienomeuon,  and 
to  observe  the  mechanism  wliich  nature  ado]its  therein.  And, 
firstly,  two  epochs  of  time  are  to  be  distinguished,  one  the  first 
perceptible  moment  in  which  the  section  is  reduced  to  half.  Now, 
at  this  first  instant,  the  water  must  swell  and  rise  much  above  its 
first  leveL,  in  which  rise  it  generates  a  proportional  velocity.  But 
in  the  very  act  in  which  such  a  velocity  is  generated,  the  water 
begins  to  fall,  wlierefore  the  present  case  holds  good,  that  the  sec- 
tions are  in  reciprocal  projiortion  with  the  velocity.  The  water 
does  not  fall  in  this  manner,  wherefore  it  returns  to  its  first  level, 
or  a  little  higher,  there  being  a  cimstant  princijile  which  compen- 
sates for  a  portion  of  the  ^•elocity  destroyed  by  successive  obsta- 
cles. AVater  in  its  course  meets  w  ith  continual  resistance  which 
diminishes  its  force,  wherefore  there  remains  in  the  water  a  con- 
stant jiriiiciple  whicli  supjilies  and  renews  any  decrement  of  velo- 
city wiiicli  tlie  resistance  may  produce.  Now  this  principle  is,  that 
whatever  small  increase  of  height  above  the  (o-igiual  level  causes 
pressure  causes  also  velocity.  Arrived  at  which  point  the  water 
m/iintains  the  same  height,  which  I  have  elsewhere  designated 
equilibrium  and  constant  state.  Observers  have  not  paid  attention 
to  the  first  epoch  in  which  the  water  swells,  is  agitated,  balances 
itself,  but  only  have  considered  the  other  in  which  it  acijuires  equi- 
librium, state,  law.  All  this  takes  place  so  quickly  tliat  the  swell- 
ing, sinking,  and  equilibrating  hardly  are  evident  to  our  percep- 
tions. U\  as  1  believe,  tlie  experiments  of  (iennete  were  true, 
according  to  which  a  river  doubles  or  triples  its  water  without 
raising  its  level,  then  it  would  be  correct  to  say  that  it  was  free 
from  any  sensible  resistance.      This  might  be  the  case  in  an  artifi- 


cial river  of  short  length,  over  a  level  bottom  witli  smooth  sides, 
and  furnished  with  clear  water.  But  in  a  natural  and  turbid 
stream,  ivhere  the  resistance,  and  that  considerable,  will  never  be 
wanting,  it  is  not  likely  that  when  reduced  to  half  its  original 
section,  it  preserves  its  former  level.  This  being  determined,  to 
come  to  the  ipiestion  above  jiroposed,  I  residve  it  thus  : — Either 
the  velocity  begins  to  increase  by  the  water  lieginning  to  swell,  or 
the  whole  mass  increases.  If  the  first  takes  place,  then  the  height 
being  small,  and  hence  the  pressure  being  likewise  small,  the  velo- 
city generated  will  be  also  small.  It  is  not  that  so  small  a  velocity 
is  added  to  so  great,  which  it  derives  from  an  inclination,  contrary 
to  the  sentiment  of  S'Gravesand.  If  the  second  takes  phu-e,  it 
being  then  the  velocity  which  increases,  is  eipial  to,  or  is  less  than 
that  which  results  from  an  inclination,  and  not  having  any  other 
generating  principle  than  the  pressure,  it  is  clear  that  it  acts  when 
the  velocity  which  generates  itself  is  less  or  equal  to  that  which 
was  before  generated  by  the  inclined  plane.  Now  I  repeat,  there- 
fore, that  the  water  as  it  strikes  the  bottom  presses  the  lower  films 
which  run,  sjiread  out  upon  it,  by  which  the  pressure  is  communi- 
cated from  abo\'e  downwards.  I  agree  with  what  Manfredi  says, 
that  "  all  the  low  er  strata  of  water  may  be  regarded  as  so  many 
bottoms,  or  actual  planes,  with  regard  to  the  upper  planes  which 
run  upon  them.  Hence  these  fluid  planes  are  sensible  of  the  same 
pressure  of  running  water  which  they  would  sustain  if  it  were  sta- 
tionary at  an  eipial  height."  To  me  it  appears  an  incontestable 
truth  that  water  which  presses  the  bottom  should  press  all  that 
portion  by  w  Inch  the  pressure  is  communicated,  otherwise  if  it  does 
not  press  all  that  which  forms  the  middle,  it  will  never  arrive  at 
the  bottom  of  it,  which  is  contrary  to  all  experience.  If  this  bot- 
tom be  of  a  cur\  ed  form,  concave  towards  the  water,  the  pressure 
will  have  the  action  of  a  centrifugal  force,  the  « Inch  conspiring 
with  the  former,  will  increase  the  momentum,  and  thereby  its 
energy  and  velocity. 


FROCBEDINGS    OF  SCIENTIFIC  SOCIETIES. 


ROYAL  INSTITUTE  OF  BRITISH  ARCHITECTS. 

Jan.  10. — Charles  Fowler,  Esq.,  V.P.,  in  the  Chair. 

Many  presents  were  announced.  Among  them  were  drawings  from  .\Ir. 
B.  Peny,  of  tlie  Town  Hall  uf  Mor()etli,  supposed  to  be  by  Vanbiugli,  and 
a  work  on  church  building  by  M.  tie  Lassaulx  of  Coblentz. 

Mr.  Layard,  the  explorer  of  Isiiieveh,  was  then  introduced  by  Mr.  Tite, 
and  at  the  request  of  the  Institute,  made  son.e  remarks  on  the  ruins  of  that 
city.  Of  the  external  architecture,  or  of  the  date  of  the  ruins,  he  could 
ssy  little,  as  hardly  a  fragment  remained  to  guide  the  judgment,  though  no 
doulit  of  their  great  antiquity  could  be  entertained.  One  proof  he  could 
give  was,  that  though  the  earliest  ruins  were  buried  in  the  soil,  graves  had 
been  dug  in  these  by  a  people  who  lived  700  years  before  the  coninion  erii. 
He  was  inclined  to  believe  that  some  of  these  buildings  might  be  three  thou- 
sand years  old.  The  rooms  were  covered  with  marble  sl.ilis,  sculptured  in 
low  relief,  like  those  in  the  British  Museum,  and  they  were  joined  together 
hy  double  dovetails  of  iron,  and  the  doorways  were  flanked  by  tall  winged 
fiuures,  higher  tlian  the  side  slabs.  Ihe  figures  were  all  marked  with  blood, 
as  if  it  had  been  thrown  against  them,  and  left  to  trickle.  The  walls  whicli 
back  the  slabs  are  of  sun-dried  biieks,  and,  where  they  show  above  the 
slabs,  are  plastered  over  and  painted.  Such  beams  as  remain  are  found  t(» 
be  of  niulheiry.  How  the  slabs  have  been  preserved  is  a  matter  of  mysleiy, 
but  is  perhaps  to  be  exjilained  by  their  lying  under  the  crumbled  remains  of 
the  bricks,  which  have  returned  to  earth.  Mr.  Layard  noticed  ihat  the 
buildings  were  pro\ided  with  a  system  of  sewage,  a  drain  running  from  each 
room  to  a  main  sewer.  In  a  small  cliamber  which  he  bad  discovered  anieng 
Ihe  ruins,  he  hail  seen  vaulting  of  bricks  regularly  arched.  The  date  of  the 
destruction  of  Nineveh  wiis  700  years  B.C.,  while  the  bas-reliefs  belong  to 
earlier  dates.  In  many  cases  the  slabs  have  been  used  before  ;  one  slab  was 
found  wilh  the  sculptured  face  turned  to  the  wall,  and  the  back  re-worked. 

Mr.  BoNOMi  observed  that  in  Egypt  the  cramps  were  of  wood,  and  he 
thought  it  exlraordinary  that  at  Nineveh  tliey  should  be  of  iron. 

Mr.  Donaldson  remarked  that  those  ol  the  l^aitbenon  were  of  iron,  and 
oroceeded  to  otter  his  tribute  of  tlianks  to  Mr.  Layard  for  his  communica- 
tions. He  thought  that  gentleman  the  nioie  deserving  of  praise,  as  so  mm  h 
of  what  lie  bad  dune  was  by  his  own  labour  and  expense,  and  yet  he  had 
successfuUv  comjieted  with  the  explorers  sent  out  by  the  French  govern- 
ment. Mr.  Donaldson  wished  to  inquire  whether  the  external  face  ot  the 
sun  dried  bricks  were  covered  with  plaster  to  keep  out  the  wet. 

Mr.  LaVaRD  hail  not  observed  this.  The  internal  face  was  partly  coloured 
and  enamelled,  and  decorated  with  human  figures  and  other  ornaments.  As 
to  the  vaulted  chamber  of  which  he  had  spoken,  it  was  covered  with  an 
arch  of  12  or  14  feel  diameter,  very  nearly  a  semi-arch.  As  to  the  sewers, 
ihev  were  not  arched. 
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Mr.  I'anson,  in  correction  of  a  statement  at  a  former  meeting,  said  the 
new  sewprs  at  Hamburgh  were  not  oval,  hut  egg-shaped. 

Mr.  I'oTNTER  read  n  paper  on  "  Leather  Hangings,"  illustrated  by  a  num- 
ber of  specimens  sent  hy  Mr.  Pratt. — The  author  nientioiieil  examples  of 
leather  emhossing  among  the  Egyptians,  and  in  the  middle  ages,  and  also  of 
its  extensive  use  in  the  sixteenth  and  seventeenth  centuries,  after  ils  revival. 
The  leather  used  was  fine,  and  was  either  embossed  or  simply  painted.  It 
was  chiefly  brought  into  this  country  from  Flanders  and  France,  and  theie 
did  not  seem  to  have  been  any  manufactory  of  it  here.  Some  thought  that 
the  process  had  been  fiist  revived  either  at  Venice  or  in  Spain,  I'lit  this  is 
still  matter  of  doubt,  though  at  Venice  embossed  leather  hangings  were  in 
general  use  in  the  seventeenth  century.  The  first  stage  in  the  process  was 
to  join  the  skins,  and  then  to  silver  the  whole  surface.  Paris  to  have  the 
appearance  of  gold  were  varnished  with  coloured  varnish.  After  silvering, 
the  leather  was  stamped  with  cut  blocks  under  a  press.  The  l)orders  and 
more  delicate  work  were  executed  with  metal  tools,  like  those  of  honk- 
binders.  ^A'hat  is  called  the  Titian  Gallery,  at  Blenheim,  has  paintings  on 
leather,  but  they  are  not  by  Titian.  Mr.  Poynter  exhiliited  some  line  exam- 
ples, one  he'wi  Antony  and  Cleopatra,  from  a  series  formerly  helmiaing  to 
the  great  Lord  Clarendon.  He  recommended  such  specimens  as  suitable  for 
museums  of  niedia;val  antiquities. 

Mr.  Grace  stated  that  p'aster  moulds  are  used  at  Paris  to  emboss  the 
leather,  ami  that  much  flock  is  workeil  up  to  ornament  the  face. 

The  Cliaiiinan  brought  to  the  notice  of  the  meet'ng  the  loss  they  had 
sustained  in  the  death  of  two  members  of  the  profession.  Mr,  Kay,  a  mem- 
ber of  the  Institute  was  the  first  whom  he  should  name,  one  whom  they  all 
kiifw  and  respected,  and  who  had  taken  an  active  part  in  the  establishment 
of  the  Institute.— Mr.  Lonsdale  Elmes  was  not  a  mcniher  ol  the  Insiitute, 
but  a  most  promising  architect,  whose  works  at  Livei  pool  reflected  the  great- 
est credit  upon  him.  A  slight  fall  in  getting  out  of  a  carriage  was  the  more 
immediate  cause  of  death,  hnt  he  was  sufl'ering  from  disease  which  would 
otlierwise  have  cairied  him  olf. 


INSTITUTION  OF  CIVIL  ENGINEERS. 

Jan,  11. — Sir  J.  Rennie,  President,  in  the  Chair. 

The  first  meeting  of  the  session  was  held  this  evening,  when  the  following 
papers  were  read  : — 

Mr.  Frederick  R.\nsome*s  ^*  process  for  maUing  Artificial  Stone." 

The  modus  operandi  appeared  to  be  very  simple.  Broken  pieces  of  silica 
(comnion  tlint)  being  subjected  for  a  time  to  the  action  of  caustic  alkali, 
boiling,  under  pressure,  in  a  close  vessel,  formed  a  transparent  silieated  solu- 
tion, which  was  evaporated  to  a  specific  gravity  of  1*600  (distilled  water 
being  l-OOO),  and  was  then  intimately  mixed  with  given  proportions  of  well- 
washed  sand,  broken  granite,  or  other  mateiials,  of  different  degrees  ftf  hard- 
ness. Tlie  paste  thus  constituted,  after  being  pressed  into  moulds,  from 
which  the  most  delicate  impressions  were  readily  received,  were  subjected  to 
a  red  heat,  in  a  stove  or  kiln,  by  which  operation  the  free  or  uncombined 
silica  of  the  raw  materials  united  with  the  excess  of  alkali  existing  in  the 
solution,  thus  forming  a  semi-vitreous  compound,  and  rendering  the  artificial 
stone  perfectly  insoluble.  This  production  most  evidently  be  adaptable  to 
a  comprehensive  range  of  objects  for  decorative  art,  and  for  arcliitectnral 
purposes  ;  busts,  vases,  flooring  tiles,  steps,  balustrades,  moiddinps,  capitals, 
shafts,  and  bases  of  columns,  &c.,  even  grinding  stones  ami  whetstones  for 
scythes,  have  been  made  ;  and,  in  fact,  from  the  beauty  and  variety  of  the 
specimens  exhibited,  there  would  appear  to  be  a  vast  field  opening  for  such 
a  production.  It  was  stated  to  be  already  extensively  manufactured  at  Ips- 
wich, and  it  was  allowed  to  admit  of  extensive  application  where  elaborately 
carved  stone  would  be  too  expensive. 

Mr.  Richmond,  of  Bow,  exhibited  and  explained  "  anEngine  Counter"  ma- 
nufactured by  him  on  an  improved  principle.  The  counters  in  ordinary  use 
were  described  as  either  somewhat  inefiicient  machines,  liable  to  error,  or  of 
too  expensive  construction  to  be  generally  employed.  This  counter  differed 
from  others  chiefly  in  its  simplicity  and  its  accuracy,  whilst,  at  the  same 
time,  its  low  price  of  11.  brought  it  within  the  reach  of  every  one.  With 
this  machine  the  number  of  strokes  made  by  the  engine  or  other  machine 
could  be  read  off  at  one  view  without  calculation.  The  leading  or  unit  band 
traversed  the  entire  circumference  of  the  large  dial,  and  those  of  the  three 
small  dials  revolved  in  the  same  direction.  The  first  motion  was  described 
as  being  given  by  a  sliding  bar  and  fixed  spring,  instead  of  by  a  double  pallet, 
so  that  the  first  wheel  could  not  be  thrown  more  than  one  tooth  by  one 
stroke  of  the  engine.  The  hands  were  all  moved  by  a  train  of  wheels  and 
pinions,  without  skip-wheels,  so  that  the  motion  was  regular  and  progres- 
sive. These  were  admitted  to  be  advantages,  and  in  the  discussion  upon  the 
machine  its  merits  appeared  to  be  shown  very  decidedly. 

Jan.  18. — Sir  J.  Kennie,  President,  in  the  Chair. 

The  annual  general  meeting  of  the  Institution  was  held  this  evening,  when 
the  following  gentlemen  were  elected  to  form  the  council  for  the  ensuing 
year ; — 

President — Joshua  Field. 

Vice  Presidents — W.  Cubitt,  J.  M.  Rendel,  1.  Simpson,  and  R.  Stepheii- 
Bon,  M.P. 


Members—}.  F.  Bateman,  G.  P.  Bidder.  I.  K.  Brunei,  J.  Cuhitt,  J.  Locke, 
M.P.,  J.  Miller,  \V.  C.  Mylne,  T.  Sopwith,  J.  R.  M'Clean,  and  C.  May. 

Associa'es  of  Council — J.  Clntton,  and  T.  H.  Wyatt. 

The  report  of  the  council  continues  to  be  very  encouraging,  and  shows 
that  the  progress  of  the  society  is  steadily  good. 

Telford  meilals  were  presented  to  Messrs.  Jackson,  Richardson,  Murray, 
Glynn,  and  Frodsbam,  and  to  the  two  former  gentlemen  council  premiums 
of  hooks  wire  added.  Telford  premiums  of  books  were  also  awarded  to 
Me-srs.  EUioit,  Heppel,  Shears,  and  Maaters,  for  the  communications  made 
during  the  past  session. 

.Memoirs  were  given  of  the  deceased  members  and  associates,  Messrs, 
Thnm,  Giles,  Lipkins,  Mushet,  Reynolds,  Holtzapffel,  Evans,  Watkins,  and 
Ball.  The  career  of  several  of  these  gentlemen  had  been  so  varied,  and  pos- 
sessed such  points  of  interest,  that  the  memoirs  were  necessarily  extended 
beyond  their  usual  length.  The  report  noticed  the  increased  attendance  of 
members  and  visitors  as  evidence  of  its  advancing  career,  and  of  the  interest 
felt  for  the  science  of  civil  engineering.  A  pressing  appeal  was  made  to  mem- 
bers of  all  classes  to  contribute  papers,  to  induce  animated  discussions,  which 
are  the  distinctive  feature  of  the  meetings  of  the  society.  The  principal  events 
of  the  past  session  were  touched  upon,  and  several  private  matters  relative 
to  the  internal  management  of  the  Institution  were  fully  discussed.  The 
council  then  explained  the  changed  form  of  the  balloting  papers,  necessitated 
by  the  new  bye-laws,  and  the  retirement  of  Sir  Jtihn  Itennie  from  the  post 
of  president,  which  he  had  filled  with  such  credit  to  himself  and  benefit  to 
the  society  for  the  last  three  years.  In  conclusion,  the  repitrt  said,  "Let 
the  civil  engineers  remember  that  '  union  is  strength  ;'  and  that,  if  they  are 
true  to  each  other,  and  use  the  Institution  as  the  common  centre  and  bond 
of  unity,  they  may  set  at  nought  all  efforts  to  dislodge  the  civil  engineers  of 
England  from  the  proud  eminence  where  their  talents,  their  practical  skill, 
and  their  probity  have  placed  Ibein." 

Before  leaving  the  chair.  Sir  J.  Kennie,  president,  addressed  the  meeting 
on  the  selection  of  the  president,  and  impressed  upon  them  the  claims  of 
Mr.  Field;  not  only  as  one  of  the  founders  of  the  Institution,  and  who  had 
filled  for  many  years  all  positions  in  the  society,  nor  because  be  was  univer- 
sally respected  and  esteemed  as  an  upright,  honourable,  kind-hearted  man, 
but  chiefly  on  account  of  bis  acknowledged  celebrity  as  a  mechanical  engi- 
neer, particularly  in  that  most  imi>ortant  department — steam  navigation  ; 
and,  because  his  election  would  unite  more  firmly  the  two  branches  of  the 
profession,  wiiich,  to  ensure  general  prosperity,  must  ever  go  band  in  hand, 
as  they  bad  hitherto  done  in  the  Institution,  in  spite  of  all  attempts  to  make 
it  appear  otherwise,  lie  then  reviewed  the  position  of  the  Institution  during 
his  presidentship,  offering  bis  best  thanks  to  the  vice-presidents  and  the 
members  of  council,  and  to  the  secretary,  for  the  support  and  assistance 
afforded  him  ;  and  then  examined,  with  much  candour,  the  relative  positions 
of  the  civil  engineers,  and  of  the  government  boards  and  commissions,  which 
had  appeared  to  clash  more  than  was  desirable.  This  he  showed  not  to  rise 
from  any  of  the  acts  of  the  civil  engineers,  who  had  ever  been  ready  to  affoid 
their  best  assistance  to  the  government  in  any  capacity  ;  and  further,  that  it 
would  be  the  interest  of  the  government  to  take  advantage  of  the  talent, 
energy,  and  practical  skill  of  the  civil  engineers,  by  whom  they  had  ever  been 
well  served,  rather  than  incur  the  hazard  and  the  expense  of  forming  a  corps 
that  would  require  more  time  for  educating  than  could  be  afforded  in  these 
active  limes,  when  even  hesitation  was  perdition. 

This  address  w  as  responded  to  very  warmly  by  the  meeting  ;  and  a  vote  of 
thanks  to  Sir  John  Kennie  was  received  with  cheers.  Thanks  were  also 
voted  to  the  council  and  the  secretary  of  the  Institution  for  their  services. 


SOCIETY  OF  ARTS,  LONDON. 
Dec.  15. — P.  Le  Neve  Foster,  Esq.,  in  the  Chair. 

The  Secretary  read  a  paper,  by  Mr.  A.  G.  Findlay,  M.R.G.S.,  "  On  the 
various  descriptions  of  Lighttiouses,  Beacons,  and  Light-vessels,  tfieir  Con- 
struction, and  the  metfiods  of  Jltumination  employed  tlierein." 

Mr.  Findlay  commenced  his  paper  by  alluding  to  the  vast  importance  to 
a  maritime  nation  like  England  of  having  a  durable  and  efficient  mode  of 
constructing  and  illuminating  lighthouses,  light-vessels,  &c.,  and  proceeded 
to  point  out  the  general  uses  of  lighthouses.  The  oldest  structure  upon 
record  is  the  celebrated  Pharos  of  Alexandria,  which  served  as  a  guide  to 
ancient  mariners  during  a  period  of  nearly  1,600  years.  Pliny  says,  "  It 
was  square,  of  white  stone,  and  consisting  of  many  stories,  and  diminished 
upwards  till  it  attained  the  height  of  547  feet."  The  most  ancient  structure 
known  to  exist  in  this  country  is  the  Roman  pharos  at  Dover  castle,  and 
this  would  still  answer  its  intended  purpose,  after  a  lapse  of  18  centuries. 
The  celebrated  Cordouan  Tower,  in  the  Bay  of  Biscay,  is  another  instance 
of  stability,  having  been  built  in  1611.  The  Eddystone  lighthouse  has 
attracted  more  of  the  attention  of  the  public  than  perhaps  any  other.  The 
first  of  these  edifices  was  of  wood,  and  built  by  Mr.  Winstanley  in  the  year« 
1696-8  ;  but,  owing  to  the  sea  washing  over  the  lantern,  it  was  subsequently 
raised  to  a  height  of  120  feet.  In  November,  1703,  the  entire  structure 
was  washed  away,  and  in  1706  sanction  was  obtained  for  its  being  rebuilt, 
which  Was  accordingly  done  by  Rudyerd,  but  which  was  destroyed  by  fire 
in  1755.  The  present  tower,  one  of  the  artificial  wonders  of  England,  and 
built  by  Smeaton,  is  100  feet  high,  and  has  given  good  proof  of  its  capa- 
bility of  resisting  the  force  of  the  waves.    The  Bell  Rock  lighthouse  i»  a 
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similar  struftnre  to  tlie  E'ldystone ;  it  was  Ijuilt  by  Stevenson  at  a  cost  of 
4,'C0,(l00.  The  most  recent  erection  of  this  description  is  on  tlie  Skerryvore 
rock,  wliicli  cost  .€90,700. 

Tlie  iiiithor  next  alluded  to  the  difficulty  of  constructing  permanent  light- 
houses in  exposed  situations,  and  the  advaiitay;es  of  thetn  over  floating  lights, 
as  well  as  the  much  smaller  annual  expenditure  requited  to  maintain  an  effi- 
cient light.  The  fitst  floating  light  was  the  well  known  .Nore  light-vessel, 
moored  in  173  1.  In  order  lo  insure  slahilily  in  a  lighthouse,  Mr.  Findlay 
slated  that  it  is  necessary  that  the  structure  should  he  capahle  of  afl^urding 
resistance  to  a  pressure  of  not  less  than  6,000  Ih.  to  each  square  foot  of 
surface  exposetl  to  the  action  of  waves.  This  assertion  was  founded  on 
experiments  made  hy  Mr.  .\lan  Stevenson,  who  ascertained  and  registered 
the  force  of  the  waves  at  the  Skerryvore  rock,  on  March  2.>tli,  184.i,  during 
a  westerly  gale,  when  it  was  found  to  he  C08i  Ih.  per  square  foot ;  this,  the 
greatest  force  hitherto  registered,  was  ciied  with  many  others.  He  next 
proceeded  to  point  out  the  inapplicability  of  iron  to  the  construction  of 
lighthouses  wliere  the  metal  was  immersed  in  the  sea  water,  which  has  the 
effect  of  reducing  it  to  a  hndy  similar  in  its  chemical  properties  to  tdack- 
lead ;  and  instanced  the  ettects  produced  on  a  caiuiou-hall  taken  from  the 
Mary  Hose,  after  having  been  sunk  oil"  Spithead  for  a  period  of  150  years  : 
the  iron  shot  upon  being  exposed  to  the  air  gradually  became  red  hot,  and 
then  fell  into  a  red  powder  resembling  burnt  clay. — The  author  next  de- 
.scribed  the  methods  which  have  been  suggested  (or  overcoming  the  difficulty 
of  exposing  large  surfaces  to  the  action  of  the  force  of  the  waves,  and  also 
for  obtaini;.^  a  firmer  foundation  on  a  sand,  and  especially  Mr.  Alexander 
Mitchell's  screwpilc  lighthouse  erected  on  the  Maplin  Sand,  and  Dr.  I'utts's 
method  of  driving  piles  by  atmospheric  pressure,  as  applied  at  the  South 
Calliper  beacon  on  the  Goodwin  sands,  in  1847,  and  to  other  beacons  on 
various  slinals  at  the  mouth  of  the  Thames,  as  on  the  Blyth  saiul,  and  on 
the  shingles  in  the  Prince's  channel.  Another  plan  for  the  erection  of 
lighthouses  has  been  carried  into  effect  at  the  Point  of  Ayr  by  Mr.  Walker; 
it  consists  in  constructing  hollow  cylinders,  which  are  filled  with  concrete 
and  then  sunk,  and  from  them  the  piles  rise.  Capt.  Sir  S.  Brown  has  also 
proposed  a  plan  for  the  erection  of  lighthouses  in  deep  water  upon  bronze 
standards,  and  a  modification  of  bis  plan  was  adopted  by  Captain  Bullock. 
The  author  further  alUided  to  Mr.  Bush's  Light  of  all  Nations,  atid  to  Mr.  A. 
Gordon's  iron  ligbtbuuses  at  Jamaica  and  the  Bermudas,  in  which  the  cases 
are  filled  with  a  solid  mass  of  concrete  ;  and  alluded  to  the  fact  that  Rennie 
had  proposed  iron  for  this  purpose  as  early  as  the  year  180.')  for  the  Bell 
Rock. 

Having  thus  shown  the  difl^erent  methods  employed   in  the   construction 
and  erection  of  lighthotises,  Mr.  Findlay  proceeds  to  remark  on  the  various 
plans  of  illumination  which  have  been  eiuployed  :  of  these   the   earliest  was 
the  coal  fire  and  the  Cordouan  billets  of  oak.       In  1752  the  South  Foreland 
lighthouse,  previously  illuminated  v\ith  an  open  coal  fire,  was  covered  with  a 
lantern  with  large  sash  windows,  and  the  fire  was  kept  bright   by   means   of 
large  bellows;  the  lantern  was  subsequently  removed,  and  afterwards,  at  the 
commencement  of  the  present  century,   fifteen   large  lenses   with   separate 
lamps  were  placed  in  it.     In  1790,  the  only  exception  to  the   coal   fire   was 
the  Eddystone  lighthouse,  which  had  a  chandelier  with  24  wax  candles,  and 
the  Liverpool  lighthouses  with  oil  lamps  and   rude  parabolic  reflectors.     An 
interestitig  historical  fact  was  then  metjtioned — viz..  that  parabolic  reflectors 
were  used  at  the  Liverpool  lighthouses  (huilt  in  1763),  as  Mr.  W.  Hutchin- 
son, in  his  "  Practical  Seamanship,''  published  that  year,  describes  the  appa- 
ratus then  in  \!se — the  larger  reflectors   of  wood  lined  with  small  pieces  of 
looking-glass,  the  smaller  of  polished  tin  :  this  was  the  more  curious,   as   it 
had   been   claimeil  by  the  French  for  M.  Teulere  in  1783,  and  first  used  in 
Scotland  in  1780.     The  parabolic  reflectors,  of  which  some  beautiful  speci- 
mens were  shown  to  the  meeting,  are  now  constructed  upon  the  formula  of 
the  celebrated  Captain  lluddart.     Having  explained  the  catoptric  or  reflect- 
ing principle  of  illumination,  which  received  so  great  an  improvement  in  the 
invention  of  the  Argand  lamp  in  1780  or  85,  several  other  lights  were  ex- 
hibited and  described — viz.,  the  Drummond  light,  the  voltaic  light,  and  the 
causes  of  their  inapplicability.     The  present  mode  of  lighting  is  from  lamps 
constructed  on  a  modification  of  the  Argand  principle.      A  first-order  pneu- 
matic lamp  with  four  concentric  wicks,  showing  a  most  powerful  light,  was 
exhibited.     The  dioptric  principle,  in  which  the  rays  of  light  etnanate   from 
a  central  lamp,  atid  are  controlled  and  directed  liy  a  series  of  lenses   placed 
before  atid  around  it,  next   occupied  attention.      The  author  claims  the 
priority  of  its  suggestion  for  an  optician  in  Loudon,  as  tuentioned  hy  Sinea- 
tun,  who  proposed,  in  1759,  to  grind  the  panes  of  the  Eddystone  lighthouse 
into  a  sphere  of  15  feet   diameter.     The  present  form  of   lens,   generally 
known  as  Fresuel's,  was  fiist  suggested  by  the  celebrated  Buffon,  to  whom  it 
is  probable  the  catoptric  system   owes  its  origin.      Sir  David   Brewster,   in 
1811,  showed  the  prarticability  of  constructing   a  lens  of  separate   pieces, 
and  this  was  first  used  in  France  by  Fresnel,  and  has  since  become  universal 
in  French  lighthousps.     A  comparative  view  of  the  catoptric  and   dioptric 
systems   is  aft'orded   hy  the   fixed   lights  of  the  South  Foreland,  the  higher 
being  from  the  dio|)tiic  principle  and  the  lower    from    lliidriart's    reflectors, 
which  to  a  distant   observer  appear  equally   bright — the  only  test  of  their 
efficiency.     The  cata-dioptric  principle  was  illustrated  by  a  beautiful  fouiih- 
order  apparatus,   lent   by   Messrs.  Wilkins,  in    which,   above  and  below  the 
light,  a  system  of  totally  reflecting  prismatic  zones  is  arranged,  the  sugges- 
tion of  Mr.  A.  Stevenson.     Mr.  Alexander  Gordon's  cata-dioptric  system,  a 
union  of  the  reflector  and  refractor,  was  also  described. — Some  particulars 
respecting  the  power  of  light  in  penetrating  mist  were  also  brought  forwaid. 


During  fogs  the  attendants  of  light  vessels  sound  a  bell  at  intervals,  or,  as 
now  used  by  the  Trinity  Board,  a  Chinese  gong.  Instead  of  this,  Lii  ut. 
Sheringham,  R.N.,  proposed,  in  1842,  to  use  a  whistle  wurked  by  bellows, 
and  Mr.  Gordon  priiposeil  to  place  the  whistle  in  the  focus  of  a  parabcdic 
reflector,  to  direct  the  scmud.  Mr.  Findlay  concluded  bis  paper  by  suggest. 
ing  the  use  of  Mowbray's  chemical  whistle,  which  was  exhibited  and  Oc- 
scribed. 


ROYAL  SCOTTISH  SOCIETY  OF  ARTS. 

Jan.  10. — GiiORGE  Buchanan,  Esq.,  F.R.S.E.,  President,  in  the  Chair. 
The  following  communications  were  tuade  :  — 

1.  Descriji/ion   wi/h  Draiohif/s  of  a  Porlahle  Cofferdam,  a(lnpti  A  specially 
for  tlie  use  of  Harbour  and  other  Marine  Works   m  exposed  situations.     By 

Thomas  Stevenson,  Esq.,  C.E. 

This  coflferdam  was  used  at  Ilynish  harbour  works,  Argyllshire,  for  exca- 
vating rock  which  was  seldom  left  dry  by  the  tide,  and  was  covered  with 
two  feet  of  sand.  It  was  found  impossible  to  form  a  comiuon  cofferdam, 
owing  to  the  shallowness  of  the  sand,  which  could  not  afl'ord  any  suppor';  to 
piles,  and  to  the  violence  of  the  sea,  which  would  in  a  single  tide  either 
wholly  break  it  up  or  render  it  leaky.  The  cofferdam  aihipted  being  porta- 
ble, was  moved  from  one  compartment  of  the  cutting,  when  firdshed,  to 
another.  It  consisted  of  two  dnuble  frames  of  timber,  each  complete  in 
itself,  being  bound  together  with  iron  rods,  forming  a  dam  about  10  feet  by 
14,  and  3  feet  high.  One  of  these  double  frames  (being  somewhat  less  than 
the  other)  was  placed  inside  of  the  larger,  so  as  to  admit  two  piles  being 
driven  between  thetu.  In  this  way  the  piles  could,  from  the  depth  of  the 
frames,  be  driven  perfectly  straight,  and  were  also  quite  independent  of  sup- 
port from  the  sand.  As  eacbcoiupartment  of  the  excavation  was  completed, 
and  before  the  dam  was  removed,  one  row  of  piles  was  driven  liown  to  the 
bottom  of  the  pit  and  left  standing,  so  as  to  be  a  guide  for  again  super- 
imposing the  frames  over  them,  and  in  this  way  it  was  impossible  for  any  of 
the  rock  to  escape  being  removed.  The  peculiar  advantages  are  its  porta- 
bility— its  ready  adaptation  to  a  sloping  or  to  an  irregular  bottom — the  ease 
and  certainty  with  which  the  partitions  between  each  section  of  the  rock 
were  removed,  and  the  double-framed  walings  that  supported  and  directed 
the  diiving  of  the  piles.  Whenever  excavations  require  to  be  made  in  i: 
rocky  beach  covered  by  a  stratum  of  sand,  however  thin,  this  form  of  dam 
may  be  used,  as  there  is  no  kind  of  lateral  supports  such  as  shore  wanted, 
the  structure  containing  within  itself  the  elements  necessary  for  its  stability. 
It  possesses,  indeed,  the  properties  of  a  caisson,  with  the  additional  advan- 
tage of  accommodating  itself  to  an  irregular  bottom. 

2.  Description  of  a  Cast-iron  SItnii  Bridge,  of  two  arches — of  Wf)  feet 
span  each  —now  being  erected  to  carry  f/ie  Leeds,  Dewsbury,  and  Manchester 
Railway,  over  the  River  Colder  at  Ravenswharfe,  near  Dewsbury.  By 
Thomas  Grainger,  Esq.,  C.E. 

This  bridge  is  a  skew  at  an  angle  of  56  deg.,  and  consists  of  two  arches  of 
100  feet  span,  with  a  pier  about  the  centre  of  the  river ;  each  arch  is  formed 
with  six  cast-iron  segmental  ribs,  having  a  rise  of  12  feet, — each  rib  is  cast 
in  five  pieces,  having  flanges  or  lugs  at  the  joinings,  and  bolted  together 
with  2-inch  bolts  ;  the  section  of  the  ribs  at  the  aliutments  is  3  feet  ileep, 
the  web  2^  inches  thick,  the  top  and  bottom  moulding  or  flanges  8  inches 
by  3  inches,  presenting  an  area  of  123  inches;  the  section  at  the  crown  is 
2  ft.  9  in.  deep,  and  otiierwise  the  same  as  at  the  abutments,  and  presents  an 
area  of  1 15^  inches.  The  spaudrils  are  cast  along  with  the  ribs — the  joints 
being  formed  at  the  uprights  instead  of  at  the  intermediate  spaces,  as  shown 
on  the  model.  The  ribs  have  dovetailed  sockets  cast  upon  them  to  receive 
the  cast-iron  braces  which  are  keyed  into  them  ;  these  braces,  10  in  number, 
stretch  across  the  bridge  at  right  angles  to  the  ribs ;  there  are  also  8  wrought- 
iron  tie-rods,  2  inches  diameter,  placed  parallel  to  the  line  of  the  abutments, 
to  connect  the  whole  structure  together.  The  ribs  abut  against  and  are 
keyed  into  massive  iron  bed-plates  sunk  into  the  stone-work  of  the  a'uit- 
raents.  The  roadway  is  supported  by  transverse  timber  beams  12  inches  hy 
9  inches,  bolted  to  the  top  of  the  spandrils  at  intervals  of  3  feet  from  centre 
to  centre ;  the  planking  is  3  inches  thick,  and  is  laid  diagonally  across  tliese 
beams,  and  spiked  to  them  with  6-inch  spikes;  and  over  the  planking  a 
coating  of  asphalte  is  to  be  laid.  The  outside  ribs  are  surmounted  by  a 
cast-iron  cornice  to  correspond  with  the  luasoury.  and  having  a  cast-iron 
railing  on  tlie  top.  The  eslimated  weight  of  the  cast-iron  in  the  bridge  is 
603  tons  4  cwt.,  ami  the  expense  of  fitting  up  the  iron  and  timber  work  has 
been  contracted  for  at  8,598/. 

3.  Observations  on  the  means  hy  which  Time  may  be  communicated  by 
Signal  Balls  from  one  Station  to  anollier.  By  John  Adie,  Esq.,  F.U.S.E. 
The  author  of  this  paper  remarked,  that  the  distance  of  the  Nelson  Monu- 
ment from  Leith,  and  more  so  from  Leitb  Roads,  would  allow  a  time-ball 
placed  on  the  Monument  to  be  distinctly  seen  only  in  very  clear  weather, 
which  is  confined  to  a  liiniled  number  of  days,  rendering  it  of  little  use  to 
the  shipping  in  the  Frith  of  Forth.  He  ne.xt  described  a  method  by  which 
the  ball  on  the  Monument,  and  one  at  Leith,  might  be  dropped  at  the  same 
second  of  time,  by  a  person  in  charge  at  the  Royal  Observatory,  Calton  Hill. 
This  he  proposed  to  do  by  making  use  of  the  great  force  induced  on  artificial 
iron  magnets,  the  wires  surrounding  these  magnets  being  brought  into  con- 
tact with  the  poles  of  a  galvanic  battery  placed  in  the  Ubservatory,  and  em- 
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ploying  tliis  force  to  draw  lu.lts  or  catches  to  free  tlie  balls  aiul  allow  tliem 
to  (irop  ;  a  niimtier  of  ma^'iiets  in  cnmmutiication  will  develop  tlieir  furces  at 
distant  stations  at  tlie  same  moment,  and  allow  balls  at  several  stations  to 
indicate  tlie  same  second. 

4.  Description  of  a  Safelij- Wheel  Jiini/- Revolver,  to  prevent  Wheels  of 
Carriagen  from  flying  off  the  Jiles.     By  Rev.  Graham  Mitchell,  A.M. 

The  ohjpct  of  this  invention  Is  to  prevent  disasters,  hy  rendering  it  im- 
possihle  for  any  wheel  fiyine  off  the  axle,  whether  from  tear  and  wear,  or  con- 
cussion. Independently  of  all  former  contrivances  of  security  for  luiiiian 
life,  there  is  here  superadded  a  Irass  or  iron  ring  attached  to  the  wheel  be- 
hind the  hush,  which  apart  revolves  along  with  the  large  wheel  itself  round 
a  nitch  cut  in  the  axle  of  the  carriage,  and  which  is  designed  to  act  ai  a 
preventive  against  a  wheel  ever  Hying  off,  whatever  be  the  velocity  of  levolu- 
tion. 


INSTITUTION  OF  CIVIL  ENGINEERS  OF  IRELAND. 

Dec.  14. — Col.  II.  D.  JjNES,  President,  in  the  Chair. 

The  following  papers  were  read  : — 

**  Description  of  a  Clock  with  a  Ref/istering  Machine  attached."  By  Mr. 
Sharp. — An  ordinary  cluck  was  exhibited,  with  the  addition  of  a  certain 
number  of  projecting  pins  on  the  dial ;  the  interval  between  every  two  pins 
expressed  a  certain  portifni  of  time,  being  that  which  elapsed  while  the  hour 
hand  of  the  chick,  in  its  ordinary  motion,  passed  from  one  pin  to  another; 
a  lever  was  attached  to  the  liack  of  the  diji,  by  means  of  which  the  hour 
band  ciiuhl  be  pushed  in  at  any  time  against  the  face  of  the  dial,  and,  by 
coming  in  contact  with  one  of  the  projecting  pins  imnediatelv  under  it, 
push  it  in  also,  and  the  pin  so  puslied  in  woidd  register,  within  but  a  few 
minutes,  the  exact  time  the  hand  was  brought  in  contact  with  the  dial.  Mr. 
Sharp  explained  how,  by  means  of  a  sufficient  number  of  |)ins  on  the  dial, 
very  small  intervals  of  time  might  lie  registered.  This  invention  he  con- 
ceived could  lie  used  for  all  the  purposes  of  a  noctuary,  ami  might,  by 
means  of  an  additional  mechanical  contrivance,  be  made  to  register  tlie 
times  of  the  arrival  and  departure  of  the  traitis,  by  means  of  the  trains 
themselves.  He  also  explained  how  the  movement  of  the  clock  was  not  in 
the  least  injured  by  this  addition,  and  that  this  means  of  registering  might 
be  also  applied  to  clocks  already  constructed. 

*'  -^  short  account  of  the  Fall  dnnng  a  violent  storm,  of  part  of  a  Roof 
in  progress  of  erection  over  the  Dublin  terminus  of  the  Midland  Great 
Western  Railway."  By  Mr.  Hemans. — The  total  length  of  the  roof  of  this 
building  is  475  feet,  and  the  width  120  feet,  divided  into  two  spans  of  60 
feet  each,  the  roof  resting  on  walls  at  either  side,  and  on  columns  in  the 
centre.  The  centre  columns  are  C2  ft.  6  in.  apart,  and  are  connected  by  flat 
arches  and  gutter-plates.  The  whole  structure,  with  the  exception  of  the 
columns,  gutter-plates,  tie-washers,  and  sockets,  is  composed  of  rolled  iron. 
The  principal,  wiiich  are  the  only  rafters,  are  38  in  number  to  each  half-roof, 
and  are  12  ft.  6  in.  apart.  They  are  formed  of  what  are  called  "deck 
beams."  The  cover  of  the  roof  is  of  corrugated  galvanised  iron,  and  con- 
nected by  bolts  and  rivets  similarly  galvanised,  and  provision  is  made  for 
expansion  and  contraction.  Twenty-five  of  the  principals  were  erected  on 
each  side,  and  the  whole  centre  line  of  columns  and  arches  complete,  when 
the  storm,  the  cause  of  the  accident,  began.  The  principals  not  being  con- 
nected together  by  temporary  diagonal  braces  (none  would  be  required  when 
the  corrugated  covering  was  fixed),  were  exposed  to  the  powerful  action  of 
the  gale  in  the  direction  in  which  no  temporary  provision  had  been  made  to 
withstand  latend  pressure  ;  and  the  consequence  was,  as  might  naturally  he 
expected,  that  the  greater  portion  of  them  were  blown  down  one  over  the 
other,  like  a  pack  of  cards  ;  and  the  whole  of  them  had  snapped  their 
sockets. 

Several  members  expressed  their  satisfaction  at  Mr.  Hemans  having  placed 
on  record  this  failure  through  inattention  to  the  necessary  precautions  in  the 
execution,  which  would  prove  an  useful  lesson. 

"  An  account  of  the  removal  of  a  Mill  at  the  Cults,  near  Coleraine."  By 
Col.  H.  D.  Jones,  President. — The  paper  was  accompanied  by  several  draw- 
ings explanatory  of  the  subject,  and  detailed  the  mode  adopted  for  the  re- 
moval of  a  large  mill,  the  height  of  which,  to  the  eaves,  was  05  feet,  and 
the  walls  were  of  proportionate  thickness,  being  three  feet  at  the  level  of 
the  ground  story.  The  execution  of  the  works  in  connection  with  the 
drainage  of  Lough  Neagh,  rendered  the  removal  of  this  mill  necessary,  and 
the  use  of  gunpowder  was  considered  the  most  economical  means  of  effect- 
ing this  object ;  but  the  contiguity  of  the  mill  to  several  houses  by  the 
roadside  rendered  it  necessary  to  guard  against  accident,  by  limiting  the 
charge  of  powder.  A  detailed  account  was  given  of  the  quantity  of  powder 
used,  the  mode  of  applying  the  charges,  and  the  effect  produced,  and  very 
satisfactorily  proved  the  economy  of  the  measure.  This  work  was  conducted 
under  the  superintendence  of  Mr.  C.  S.  Ottley,  the  district  engineer  for 
Lough  Neagh  drainage. — The  President  stated  that  he  had  used  gunpowder 
with  much  advantage,  both  as  regarded  effect  and  economy,  in  the  removal 
of  large  buildings,  but  especially  in  the  removal  of  a  large  storehouse  at 
Flushans. 

Mr.  M'Mahon  stated  the  great  advantage  of  adopting  the  plan  which 
had  been  so  successfully  tried  in  the  present  instance. 

Mr.  Clarendon  described  the  mode  by  which  the  hish  dock  wall  bad 
been  removed  at  the  site  of  the  Dublin  and  Drogheda  railway  terminus  in 


Amiens-street,  which  had  been  effected  expeditiously  and  economically,  and 
without  the  use  of  cnnpowder. 

Mr.  Dean  called  the  attention  of  the  Institution  to  the  inctfioient  state  of 
the  sewerage  of  Dulilin. 


HINTS  TO  PLANTERS. 
A  correspondent  of  the  Gardeners'  Chronicle  says,  "  In  rambling  throuL'h 
the  New  Forest,  I  have  been  much  struck  by  observing  how  much  the  beauty 
of  natural  woods  depends  upon  the  open  glades,  or  intervals  hare  of  trees, 
which  there  so  frequently  occur,  and  have  often  wondered  why  the  land- 
scape gardener  so  seldom  imitates  nature  in  this  respect.  In  the  disposition 
of  Ihe  open  and  the  woodrd  spots,  it  may  be  observed  that  nature  commonly 
fills  up  the  valleys  with  wood,  and  leaves  most  of  the  brows  ami  eminences 
bare,  and  in  an  undulating  country,  nothing  is  more  pleasing  to  the  tye  than 
thus  to  see  the  woods  creeping  up  the  hollows  and  gradually  feathering  off, 
and  dis.ippearing  as  they  approach  the  summits  of  the  hills,  which  rise  bare 
of  trees  above  them.  The  landscape  gardener  almost  invaiiably  does  the 
reverse.  He  commonly  jdanls  all  the  eminences  (probably  from  the  notion 
of  making  a  more  conspicuous  show  at  a  distance),  leaving  his  vacant  spaces 
in  the  valleys  and  lower  grounds.  By  this  means  (putting  appearance  out 
of  the  question)  he  subjects  his  trees  to  the  doulile  disadvantage  of  a  more 
exposed  situation,  and  a  shallower  soil  ;  consequently  his  trees  grow  incom- 
paratdy  slower  than  they  would  do  in  the  deeper  soil  and  more  sheltered 
situation  of  the  lower  grounds.  Trees  differ  so  much  in  the  soil  and  situa- 
tion suitable  to  the  different  kinds,  that  it  is  of  the  utmost  consequence  to 
the  planter  that  the  one  should  be  adapted  In  the  other;  and  if  planters 
could  be  induced  to  look  after  these  thinirs  themselves,  instead  of  entrusting 
them  to  the  nurseryman,  one  would  not  so  often  see  plantations  fiUid  with 
such  worthless  trees  as  beech  and  sycamore,  where  more  valuable  sorts,  such 
as  elm,  ash.  and  cbesnut,  would  flourish  equally  well.  With  this  view,  I 
have  thrown  together  a  few  observations  on  the  sorts  of  trees  commonly 
planted.  The  larch  would,  no  doubt,  be  the  most  valuable  tree  that  can  be 
planted,  were  it  not  unfortunately  subject  to  that  peculiar  disease,  called  the 
heart. rot,  which,  I  believe,  is  not  known  to  affect  any  other  kind  of  tree. 
After  growing  vigorously  for  twenty  or  more  years,  the  heart  of  the  tree  up 
to  a  considerable  height  becomes  entirely  rotten,  without  any  apparent  ex- 
ternal decay.  The  cause  of  this  singular  disease  is  as  yet  unknown.  I  am 
myself  inclined  to  believe  that  it  usually  arises  from  too  great  dryness  in  the 
soil.  In  Switzerland  the  native  habitat  of  the  larch  is  in  situations  abound- 
ing in  moisture,  viz.,  the  sides  of  slaty  and  granitic  mountains ;  and  the 
plantations  in  which,  in  this  kingdom,  it  seems  to  flourish  best,  are  in  similar 
situations  in  Scotland  and  Wales.  In  England  it  has  principally  been  planted 
on  dry  sandy  heaths — a  situation  which  affords  tlie  greatest  contrast  to  its 
native  baliitat,  and  which  the  prevalence  of  the  heart-rot  shows  to  be  uncon- 
genial to  its  nature.  In  point  of  beauty  little  can  be  said  in  favour  of  the 
larch  ;  it  never  forms  a  handsome  mass  of  foliage  ;  and  the  spiky  outline 
even  of  the  oldest  woods  always  has  a  poo*",  unpleasing  effect.  It  must, 
however,  be  acknowledged  that  a  single  tree  of  larch  often  has  an  elegant 
appearance.  The  Scotch  fir  is  of  so  hardy  a  nature  that  it  will  flourish  in 
almost  any  soil  or  situation.  It  is  in  very  bad  repute  as  a  timber  tree  when 
grown  in  England,  which  is  a  very  singular  fact,  as  it  is  well  known  that  the 
same  species  of  pine,  when  grown  in  the  north  of  Europe  and  the  highlands 
of  Scotland  produces  Itiat  excellent  timber  known  as  the  red  deal.  Different 
causes  are  assigned  for  this  extraordinary  difference  in  the  timber  grown  in 
England  and  grown  abroad.  Some  persons  suppose  that  the  home  and 
foreign  grown  fir  are  different  varieties  of  the  same  species,  one  of  which 
always  produces  hard  and  the  other  soft  wood  ;  some  suppose  that  the  colder 
climate  and  slower  growth  of  the  Baltic  timber  is  the  cause  of  its  superiority  ; 
and  any  one  who  will  take  the  trouble  of  counting  the  number  of  annual 
lings  in  Baltic  timber  must  see  that  its  growth  is  in  general  excessively 
slow;  others  consider  that  age  alone  is  wanting  to  render  the  timber  good, 
and  that  if  we  were  to  allow  English  grown  fir  to  attain  the  age  of  one  or 
two  centuries,  as  is  the  case  with  the  Baltic  grown,  our  timber  would  be 
equally  valuable.  That  English  fir  timber  does  improve  as  ihe  trees  grow 
older,  is  a  fact  well  known  to  timber  merchants ;  and  I  can  instance  the  roof 
of  the  house  in  which  I  am  now  writing,  which  was  framed  of  English  fir,  of 
very  large  scantling,  about  forty  years  ago,  and  which  to  all  appearance  is 
now  as  sound  as  the  day  it  was  put  up.  It  must  also  be  observed  that  Ihe 
English  fir  is  commonly  cut  down  of  small  dimensions,  and  full  of  sap  wood, 
while  most  of  the  sap  wood  is  cut  away  from  the  Baltic  balks  before  we  get 
them.  But  there  is  still  one  point,  which  I  have  never  seen  noticed,  which, 
perhaps,  may  go  far  to  account  for  the  difference  of  quality.  I  mean  the 
season  in  which  the  timber  is  felled.  It  has  never  yet  been  ascertained  that 
resinous  trees  ought  to  be  felled  in  winter,  as  is  the  universal  practice  in 
England,  and  it  is  not  unlikely  that  the  resinous  juices  with  which  firs  abound 
in  summer  may  tend  to  increase  the  durability  of  the  timber  felled  in  that 
season.  I  would  strongly  impress  on  those  who  have  the  opportunity,  how 
desirable  it  would  be  to  institute  experiments  on  tkis  point.  It  is  stated,  on 
what  appears  to  be  good  authority,  that  both  in  Norway  and  the  rest  of  the 
north  of  Europe  fir  trees  are  always  felled  in  summer.  In  Switzerland,  as  in 
England,  the  timber  of  the  Scotch  fir  is  reckoned  of  very  liltle  value.  As  an 
ornamental  tree  the  Scotch  fir  is  gone  much  out  of  fashion,  yet  when  allowed 
to  attain  a  sufficient  age  its  rounded  top  and  red-coloured  bark  and  contorted 
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limbs  produce  a  gram!  aiiH  picturesque  effecl  in  the  landscape  which  scarcely 
any  kind  »f  tree  can  surpass.  The  spruce  lir  deligltts  in  a  light  snil  and  a 
very  moist  situation.  In  such  situations,  when  not  crowded  by  other  trees, 
so  as  to  have  plenty  of  light,  it  forms  a  beautiful  mass  of  thick  foliage, 
towering  to  a  great  height.  It  is  quite  usrlfss  to  plant  it  in  very  dry,  shal- 
hiw,  or  rocky  soiN.  I  have  seen  young  spiucc  tlrs  flourishing  in  stifl'clay, 
though  I  l)eli"vp  ultimately  such  soils  do  not  suit  it.  It  often  deceives  the 
planter  by  growing  vigorcuisly  for  15  or  20  years,  and  afterwards  becoming 
stunted,  exhibiting  nothing  but  a  few  ragged  leaves  on  the  ends  of  the 
!)ranches,  being  then  one  of  the  most  unsightly  objects  in  nature.  It  is  sin- 
gular that  a  native  of  Norway  should  seem  in  our  climate  not  patient  of 
wind  or  frost.  It  afl'ords  a  soft  wood,  useful  for  many  purposes,  but  always 
very  full  of  knots,  unless  it  has  either  been  severely  pruned,  or  grown  in 
»uch  close  woods  as  to  lose  its  side  branches  by  natural  process  of  <iecay  from 
want  of  light.  The  silver  tir  flourisbes  in  sliti'  wet  clays,  and  throws  up  its 
tall  head  quite  perpendicularly,  even  in  the  most  exposed  situations,  appa- 
rently uninjured  by  the  utmost  fury  of  the  wind.  It  is  a  tree  which  the 
landscape  painter  never  thinks  of  introducing  in  a  picture  ;  yet  it  is  not  with- 
out a  peculiar  beauty  of  its  own,  and  often  produces  a  grand  effect,  either  in 
the  stiff  formal  avenue,  or  when  seen  towering  above  other  trees.  Its  tim- 
ber is  much  like  that  of  the  spruce  fir,  but  of  rather  better  quality." 


OBITUARY. 

MR.   HARVEY  LONSDALE  ELMES. 

It    is  scarcely  surprising   that   the  death   of  Mr.  Harvey  Lonsdale   Elmes 
eliould  have  produced  such  a  strong  feeling  of  regret,  as  ha«  been  manifested 
at  Liverpool  by  so  many  of  its  leading  men,  for  the  death  of  a  man  of  genius 
in  the  early  prime  of  life  is  well   calculated   to  awaken  sympathy,  and  most 
in   a  town    adorned   by   noble  monuments   of  his    taste,  in   his  devotion  to 
which    he   hastened   the   progress   of  disease   and  death.     Our  readers  will 
think  that  such   an   artist  deserves  at  our  hands  a  more  lenythened  notice 
than  he  has  yet  received,  for  there  is  always  a  sentiment  of  personal  interest, 
which  attaches  to  the  career  of  one  so  young  in    life,  and   so  rieh  in  endow- 
ments.    Harvey  Lonsdale   Elmes  was  born   in  1813,  we  believe  in  London, 
and  was  the  son  of  James  Elmes,  Esq.,  the   surveyor  of  the  Port  of  London, 
and  himself  distinguished  as  a  large   contributor  to  arcliitectural  liter;iture. 
With  him  lie  was  brought  up,  and  the  natural  abilities  he  early  showed  were 
fostered  by  association  with  the  many  men   of  genius  with  whom   his  father 
was  intimate,  or  in   connexion.     Young    Mr.  Elmes's  talents  were  decidedly 
of  an  artistic  tendency,  hut  chiefly  directed  towards  architecture  and  music, 
and   he   showed  a  peculiar  delicacy  of  mind,  stimulated   perhaps  by  delicacy 
of  physical  organization.     His  zeal  was  ardent,  and  bis  powers  of  application 
great,  while  his  love  of  fame  gave  him  the  stimulus  for  great  exertion.  With 
Buch  qualifications  Mr.  Elmes  began  under  his  father's  care  bis  architectural 
studies,  which  be  afterwards  pursued  under  Mr.  Elger  of   Bedford,  and  Mr. 
II.  E.  Goodridge  of  Bath.     He  was  likewise  employed  by  Mr.  John  Elger,  a 
builder  in  London,  until  he   acquired   the  charge  of  works  of  bis  own. —  In 
1836  or  1837,  when  Mr.  Elmes  was  in  his  twenty-fourth  year,  the  Liverpool 
Committee  advertised  for  designs   for  St.  Geoige's  Hall,  which  was  then  in- 
tended  to    be  a  separate    building.     The  advertisement  was   put   into  Mr. 
Elmes's  bands  by  a  Iriend,  as  being  worthy  of  his  notice,  and   he  took  it  to 
the  late  Haydon,  one  of  the  earliest  friends  of  his  youth,  to    ask  his  advice 
whether   he   should   compete,  as    Haydon  knew  many  persons  at  Liverpool, 
having  received  commissions  for  pictures  from  the  Blind  School  and  other 
institutions.     "By  all   means,  rny  dear  boy,"  said  Haydon;  "they  are  noble 
fellows  at  Liverpool.     Send  in  a  design,  and  mind,  let  it  combine  grandeur 
with  simplicity.     None  of  your  broken-up  and  frittered  abortions,  but  some- 
thing grand."     Following  this  exhortation  Mr.  Elmes  set  to  work,  and  when 
he  had  made   his   first   sketch,  took   it  to  a  friend's   house,  where  a  trifling 
incident  gave  him  the  augury  of  success,  for  a  little  boy  looking  at  the  draw- 
ing   very   gravely,  threw  it  down,   saying   emphatically,  "  Very  good,  very 
good,  indeed  ;  it's  worth  five  hundred  pounds."     When  the  design  was  sent 
in,  it  was  successful  against  eighty-five  competitors,  and  Mr.  Elmes  received 
the  premium  of  five   hundred    pounds.     Afterwards  he  carried  ofl"  in   other 
competitions  the  premiums  for  the   Assize  Courts  at  Liverpool,  and   for  the 
Collegiate    Institution  there.     He  was  likewise  the  winner  in  a  competition 
for  the  Assize  Courts  and  St.  George's    Hall   combined.     These   several  vic- 
tories  gave    Mr.  Elmes   the  prestige   of  a  reputation,  which  his  own   attain- 
ments were  calculated  to  support.     Entered   upon  a  new  career,  he  now  de- 
voted   himself  zealously  to   carry  0!it  in  detail  the  several  designs  on   which 
he  was   engaged,  and    his  professional   business   greatly  increased.     He  ob- 
tained  the  prize  for  the  County  Lunatic  Asylum,   at  West  Derby,  in  Lan- 
cashire, and   was   employed   in  erecting  mansions  for  Mr.  George  Hall  Law- 
rence, late  Mayor  of  Liverpool,  for  Mr.  Hardman   Earle,  and  Mr.  Hugh 
>iornby. 

These  labours,  borne  by  a  weak  frame,  at  length  brought  their  own  end. 
In  the  early  part  of  last  summer  Mr.  Elmes  showed  such  strong  symptoms 
of  consumption  that  change  of  climate  became  necessary.  He  wished  to  go 
to  Italy  to  study  the  monuments  of  his  art  in  that  country,  but  his  health 
was  so  much  shaken  that  Dr.  Chambers  urged  him  to  go  immediattly  to  tbe 
West  Indies,  and   travel   from   island   to  island.     Before  he   left  he  made 


rrangements  with  Mr.  Cofkerell  to  superintend  the  architectural  detail  of 
St.  Georpe's  Hall,  for  which  he  had  finished  the  whole  of  the  plan". 

In  1841  Mr.  Elmes  bad  married  the  daughter  of  C.  D.  W.  T.'rry,  Esq., 
and  accompanied  by  tb.it  lady  he  set  out  on  that  journey  fiom  which  he  was 
never  to  return,  for  be  died  at  Spanish  Town,  Jamaica,  on  the  2Gth  of  No- 
vembcr  last,  aged  lil,  b-aving  on*  child. 

Thus  he  was  cut  otf  in  the  prime  of  bis  life,  and  when  only  heginnin?  t  > 
etijoy  the  honours  and  rewards  due  to  his  exertions.  When  Prince  Allieit 
visited  Liverpind,  he  was  so  delighted  with  St.  Georiie's  Hall  ib;it  he  sent  a 
gold  medal  to  Mr.  Elmes,  and  the  architdt  only  awaiU'd  the  completion  of 
his  work  to  receive  plaudits  on  every  hand.  As  it  is,  those  honours  niust  he 
paid  to  his  tomb  ;  and  indeed  the  Town  Council  of  Liverpool  on  the  announce- 
ment of  bis  death,  gave  a  public  expression  of  their  strong  feelings  of  regret 
for  what  they  felt  to  be  a  heavy  loss. 


LIST    OF    NEW    PATENTS. 

GftANTED    IN   ENGLAND    FROM    DECEMBER    30,    TO    JaNUARY  20,     1848. 

Six  Months  allowed/or  Enrolment,  unless  otherwise  expressed, 

Thomas  Hancock,  of  Stoke  Newineton.  Middlesex,  and  Reuben  Philpps.  of  Inllri^ton, 
Rliddltfsex.  clifmist,  fur  "  Improveinetits  in  tlie  treating-  or  ir.anufatture  of  gultu  percba, 
or  iiny  of  the  varieties  of  caoutchouc." — Sealed  December  ;in. 

Felix  Edwards  Pratt,  of  Fenton  Potteries,  Stafford,  earthenware  manufacturer,  for 
"Improvements  in  manufaclurinj?  articles  composed  of  earthenware  or  ctiiua." — Dec. 
31. 

Mary  Jenkins,  of  Atton,  Warwick,  widow,  for  "Improvements  in  the  aianufactiire  of 
pins,  hooks,  eyes,  and  other  fiistenines." — Dec.  31. 

Edward  Humphrys,  of  H'llUiid-street,  Surrey,  engineer,  for  "certain  Improvemen's 
in  steam  engines,  and  in  engines  or  apparatus  for  raising,  extjausting,  and  forcing  liquids  ** 
— January  4. 

William  Fromle,  of  Darlington,  Devon,  civil-engineer,  for  "  Improvements  in  the 
vulves  used  in  closing  the  tubes  of  atmospheric  railways." — January  .'». 

Read  Holiday,  ot  Hudderslield,  manufaclunng  chemist,  for  *'  Improvements  in  lamps.' 
— January  5. 

Charlrs  De  Bergue,  of  Arthur  street  west,  city,  engineer,  for  "  Improvements  in  car- 
riages used  on  railways." — January  5. 

Alexander  Robertson  Arrott,  manaper  of  the  Union-place  Glass  Works,  St.  Helens, 
Lancaster,  for  "  Imiiroveincnts  in  manufacturing  common  salt." — January  5. 

Charles  Lambert,  of  Two-HIile  Hill,  St.  George's,  near  Bristol,  pen^maker,  for  "cer- 
tain Improvements  in  machinery  for  making  nails." — January  5. 

Josiah  George  Jennings,  of  (Jreat  Charlotte-street,  Blackfriars-road,  for  "  Improve- 
ments in  cocks  or  taps  for  drawing  off  liquids  and  gases." — January  ft. 

George  Bell,  of  the  city  of  Dublin,  merchant,  for  "  certain  Improvements  in  the  ar- 
rargemetit  of  wheels  and  axles  for  steam  and  other  carriaj;es,  which  facilitate  travelling 
on  ryilw;iys  ;iii>i  comtnon  roads,  parts  of  which  nnprovemfuts  are  applicable  to  other  mA- 
chinery."— January  7- 

James  Montgomery,  of  Salisb-iry-s'reet,  Middlesex,  for  "certain  Improvements  in 
piauofortfs  and  other  simdar  linger-keyed  instruments."  (Being  a  communication  )  — 
January  11. 

Alfred  Augustus  de  Reginald  Hely,  of  No.  11,  Cannon-row,  Westminster,  and  Joseph 
Emmett  Norton,  of  Saint  Maiy-le-Strand-place,  Kent-road,  Surr.  y,  wine-merchant,  tor 
"  certain  Improvements  in  bottles  or  vessels  for  containing  liquids,  and  in  the  mode  of 
and  machini  ry  or  apparatus  for  ti  ling  and  stopping  the  same."- January  11. 

Gardner  Stow,  late  of  King-street,  Cheapside,  but  now  of  New  York,  gt»ntleman,  for 
<'  Improvements  in  a;>parai,us  for  [jropellinij  ships  and  other  vessels."— January  1 1. 

William  Thorold,  ot  Norwich,  engineer,  for  "  Improvements  in  tura-lables." — January 
13. 

Robert  Wiliam,  M.A  ,  Greenock,  for  "  Improvements  in  certain  kinds  of  rotatory  en- 
gtnes  worked  by  steam  or  other  elastic  fluids,  part  of  which  improvements  are  api)lic!tl'le 
to  rotatory  engines  worked  by  water,  or  by  the  wind;  also,  an  improvement  in  sately- 
valves  for  steam  boilers." — January  13. 

Sydney  Edwards  Morse,  of  Ampton-place,  Gray's-inn-road,  for  "  Improvements  in  the 
manufacture  of  plates  or  surfaces  for  printing  or  embossing," — January  13. 

Kenjamin  Mitchell,  of  Huntingdonshie,  farmer,  for  "Improvements  in  the  manufac- 
ture ul  manure." — January  13. 

Robiirt  Heath,  of  Heathtield,  Manchester,  gentleman,  for  "certain  Improvements  in 
the  method  of  applying  and  working  friction  brasses  to  engines  and  carriages  used  upon 
railways." — January  L^. 

Job  Culler,  of  Spurk  Brook,  Birmingham,  civil  engineer,  for  "  certain  Improvements 
in  welded  iron  pipes  or  tubes  to  be  used  as  the  flues  of  steam  boilers.*' — January  13. 

John  Gilmore,  Lie  itenant  in  the  Hoyal  Navy,  for  "  certain  Improvements  in  ventilat- 
ing ships  and  other  vessels." — January  17. 

Charles  Crane,  of  Stratford,  Essex,  manufacturing  chemist,  and  James  Thomas  JuUion» 
of  the  same  place,  analytical  chemist,  for  "  Improvements  in  the  manutacture  o  cert.iin 
acids  and  -alts,  and  a  new  appuratus  applicable  to  the  said  improvements."— January  IH, 
Four  months. 

Samuel  Canliffe  Lister,  of  Manningham  Hall,  in  ihe  parish  of  Bradford,  esq.,  for  "  Im- 
provements in  sioppmg  railway  tr. tins  and  other  carriages,  aud  generally  where  a  lifting 
power  or  pressuie  is  lequirtd.'* — January  IS. 

John  Hickman,  >if  Birmingham,  for  "  Im|  rovements  in  the  means  of  constructing  and 
connecting  parts  nf  bed.^tetids.  couches,  and  other  articles  of  furnitur-  to  which  such  im- 
provements may  be  appticalde,  and  also  in  the  means  of  attaching  knobs  or  handles  to 
drawers,  doors,  and  other  parts  of  ft.rnituie." — January  Irf. 

William  Newton,  ol  (Jii.  Chanct-ry-lrtue,  Middlesex,  civil  engineer,  for  "Improvements 
in  the  maoufactine  of  sugar  from  the  cane."     {Being  a  communication.)  —January  IS. 

John  Frederic  Bateman,  of  Mamhester,  for  "  certain  Improvements  in  valves  or  plugs 
for  the  passage  of  water  or  other  fluids."— January  IS. 

Thomas  Robert  Sewell.  of  Carrington,  in  the  parish  of  Basford,  Nottingham,  cbemlsl, 
for  "  Improvements  in  preparing  fljiir."— January  IS. 

Joseph  Clinton  Robertson,   of  Ififj,  Fleet-stteet,   London,   civil   engineer,   for  "certain 

Imtiruvemenls  in  the  manufacture  of  textile  fabrics,  stufl's,  and  tissues,  and  of  certain  new 

products  obtained  by  tlie  aid  ot  such  improvements."     (A  comiuunication.) — January  19. 

John  Duncan,  of  Urentwood,  Essi-x,  gentleiuan,  for  "  certain  Improvements  in  tanning 

of  hides."— January  20. 
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CANDIDUS'S     NOTE-BOOK 
FASCICULUS  LXXIX. 


"  I    must  have  liberty 
M'itlial,  as  Urge  a  charter  u-  the  winds, 
To  Mow  on  whom  I  please.'* 

I.  There  is  reason  for  conclutlinop  that  the  peripteral  temples  of 
the  Greeks  were  so  planneil  rather  for  the  sake  of  architectural 
dignity  and  effect,  than,  as  is  jrenei-ally  supposed,  for  that  of 
any  particular  convenience  or  advantajje.  The  cella  itself  being 
narrow,  colonnades  along  its  sides  served  to  give  greater  importance 
to  the  edifice  by  enlarging  its  entire  bulk,  its  ends  or  fronts  being 
increased  from  tetrastyle  to  hexastyle,  or  from  hexastyle  to 
octastyle,  if  the  latei"al  colonnades  consisted  of  only  a  single  range 
of  pillars;  or  if  the  columniation  was  of  the  kind  called  dipteral, 
increasing  the  widtli  of  the  fronts  by  four  more  columns  beneath 
their  pediments  :  thus,  a  cella,  with  a  tetrastyle  in  front  of  it,  would 
acquire  an  octastyle  portico,  by  having  dipteral  colonnades  erected 
along  its  sides.  This  last-mentioned  mode  (the  dipteral)  certainly 
does  provide  a  greater  sheltered-in  space  on  the  sides  of  tlie 
edifice;  still,  hardly  sufficient  for  any  real  use  of  it  as  an  ambula- 
tory— at  least,  not  for  a  number  of  persons.  Such  purpose  was  far 
better  accomplished  by  the  pseudo-dipteral  plan,  in  which  the 
middle  row  of  columns,  or  those  between  the  external  ones  and  the 
walls  of  the  cella,  were  omitted,  whereby  a  clear  space  was  ob- 
tained equal  to  the  width  of  two  intercolumns  and  one  column. 
Yet,  if  much  was  thereby  gained  in  point  of  convenience,  not  a 
little  was  lost  in  regard  to  effect  and  richness  of  character ;  and 
the  body  of  the  temple  showed  as  a  comparatively  diminutive 
structure,  standing  within  an  open  though  covered  colonnaded 
inclosure.  As  to  the  single  peripteral,  its  colonnades  must  have 
been  more  for  show  than  for  real  service,  since  they  were  very  ill- 
calculated  for  accommodating  a  multitude  of  persons.  Even  in 
the  Parthenon,  the  clear  space  between  the  external  columns  and 
the  walls  of  the  cella  was  not  more  than  six  feet  wide;  consequently 
a  mere  jiassage,  rather  than  either  an  ambulatory  or  a  shelter  for  a 
large  concourse  of  people. 

il.  AVith  regard  to  the  Parthenon,  a  most  extraordinary  error 
occurs  in  the  English  edition  of  Gailhabaud's  "Ancient  and  Mo- 
dern Architecture"  (second  series),  it  being  there  stated  that  "  its 
length,  measured  on  the  top  of  the  steps,  is  114.  feet,  its  width 
51  feet;"  according  to  which,  the  area  of  the  building  is  not  above 
one-fourth  of  what  all  other  accounts  make  it,  for  they  make  it 
both  twice  as  long  and  twice  as  wide  !  To  puzzle  us  the  more,  tliere 
is  a  foot-note  calling  particular  attention  to  those  measurements, 
from  which  it  would  seem  that  pains  had  been  taken  to  insure 
more  than  usual  accuracy,  they  being  there  said  to  be  upon  the  au- 
thority of  a  "  recent" —  and  therefore,  it  is  to  be  presumed,  a  more 
correct — measurement  by  Mr.  Travers.  Yet,  no  notice  is  taken  of 
the  enormous  disci-epancy  between  them  and  the  usually-reported 
dimensions,  or  of  the  equal  discrepancy  from  the  plan  and  its 
scale  given  in  the  work  itself.  The  scale  being  in  metres — to 
which  one  in  English  feet  should  ha\e  been  added  to  the  plates  in 
the  English  edition — the  contradiction  between  the  text  and  en- 
graving is  not  so  immediately  obvious  as  it  would  else  be ;  but,  on 
applying  compasses  and  calculation,  we  find  the  length  to  be 
69  metres  and  the  breadth  51,  which  converted  into  English  mea- 
sure, give  226  and  101  feet  respectively,  or  double  wliat  is  stated 
in  the  text !  Had  either  the  English  writer  or  editor  compared 
the  description  and  plan  together,  their  total  want  of  agreement 
must  have  been  discovered,  which  done,  Mr.  Travers's  measurements 
would  perhaps  have  been  discarded  as  quite  untenable.  Some  as 
strange  or  even  stranger  mistake  perplexes  us  a  little  further  on, 
where  we  are  told  that  the  external  columns  are  three  feet  in  dia- 
meter (or  only  half  what  they  are  usually  stated,  viz.,  six  feet  and  a 
fraction),  yet  thirty-four  feet  four  inches  high,  which  would  make  their 
height  between  eleven  and  twelve  diameters !  and  how  sucli  ex- 
traordinary proportions  could  have  escaped  notice  when  the  proof 
was  read  over  is  incomprehensible.  Neither  does  error  terminate 
there,  since,  besides  the  palpable  contradiction  in  regard  to  the 
diameter  and  height  assigned  to  the  columns,  the  latter  measure- 
ment and  that  of  the  entablature  (10-10')  renders  the  entire  height 
of  the  order  45  feet ;  which,  though  in  itself  it  may  be  correct,  is 
altogether  irreconcileable  with  the  width  of  the  front  being  only 
51  feet,  or  little  more  than  a  square  in  height, — the  proportions 
not  of  an  octastyle  but  a  tetrastyle,  and  such  as  it  is  impossible  to 
give  to  the  former.  Here,  then,  we  ha\e  a  pretty  complication  of 
blunders,  and  those  of  the  most  serious  kind,  in  a  publication 
which  ought  to  be  scrupulously  accurate  in  regard  to  the  measure- 
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ments  which  it  gives  of  buildings.  Tliere  is  what  looks  like  suf- 
ficient pledge  for  editorial  responsibility  and  carefulness,  the  title- 
page  assuring  us  that  "the  translations  are  re\ised  by  F. 
Arundale  and  T.  L.  Donaldson,  Prof.  Arch.,  Univ.  Coll.,  London;" 
therefore,  to  those  gentlemen  may  be  left  the  task  of  accounting 
for  or  explaining  away  the  egregious  mistakes  here  pointed  out,  and 
which  comprtmiise  the  credit  and  character  of  the  work  to  such 
degree  as  to  demand  correction— if  in  no  other  way,  by  cancelling 
the  pages  where  they  occur.  Not  the  least  awkvvard'part  of  the 
matter  is,  a  detection  of  the  kind  naturally  excites  mistrust  as  to 
other  articles,  where  mistakes  either  of  a  similar  or  different  kind 
may  have  escaped  the  English  revisors.  In  that  very  article  on  the 
Parthenon,  one  paragraph  that  ouglit  to  have  been  omitted,  was 
unluckily  sufi^ered  to  remain — namely,  that  which  says :  "  We 
give  with  this  notice  a  splendid  specimen  of  polychromatic  archi- 
tecture of  tlie  Parthenon,  being  a  perspective  view  of  the  entabla- 
ture and  capitals,  restored  with  the  utmost  care  by  Mr.  Travers 
from  traces  which  he  discovered  in  the  monument  itself."  There 
is,  however,  no  such  plate  in  the  work — at  least,  not  in  theEnglish 
edition,  although  it  would  have  been  particularly  acceptable,  and 
far  more  valuable  than  all  those  of  such  unarchitectural  subjects 
as  Cromlechs  and  Celtic  monuments,  ])ut  togetlier.  Of  thetn^  two  or 
three  specimens  at  the  utmost  would  have  sufficed  :  still  better 
would  it  have  been  had  they  been  excluded  altogether  fi'om  a  work 
which,  were  it  to  be  extended  to  a  hundred  volumes,  could  not  pos- 
sibly illustrate  all  that  is  worthy  of  notice  in  "  Ancient  and 
Modern  Architecture." 

III.  It  is  not  only  with  regard  to  the  notion  of  Blore's  facade  to 
the  Palace  being  a  copy  of  that  of  Caserta,  that  Mr.  Sliarp  and 
myself  differ  materially,  my  opinion  of  Elmes's  "  History  of  Archi- 
tecture in  Great  Britain"  being  so  \-ery  dissimilar  from  his,  that  I 
think  the  Editor  has  very  great  reason  to  complain  of  such  a  care- 
lessly-executed and  inaccurate  performance  being  passed-off  upon 
him  under  the  res])onsibility  of  Mr.  Elmes's  name.  While  there  is  a 
great  deal  of  mere  garrulous  filling-up  anecdote,  quite  out  of  place  in 
an  historic  outline,  and  out  of  all  proportion  to  the  brevity  and 
rapidity  of  the  record  itself,  there  are  not  a  few  omissions,  and 
some  of  them  truly  unaccountable  ones.  Both  Kent  and  his 
patron,  the  Earl  of  Burlington,  may  be  said  to  be  passed  over  in 
silence,  since  they  obtain  no  further  notice  than  the  complimentary 
mention  of  their  names  as  "  two  accomplished  architects  of  the 
Anglo-Palladian  school,"  without  a  syllable  about  any  of  their 
works — eitlier  the  "  Holkham"  of  the  one,  or  the  "  Chiswick"  of 
the  other.  The  name  of  ''  Holkham,"  indeed — and  it  is  the  name 
only— occurs  elsewhere,  but  wrongly,  for  the  credit  of  that  palatial 
mansion  is  taken  from  Kent,  and  assigned  to  Brettingham,  who 
merely  published  the  designs  of  it,  with  his  own  name  on  the  title- 
page.  It  would  seem,  then,  that  "  accomplished"  architects  as 
they  were,  Kent  and  Burlington  are  not  entitled  to  figure  at  all 
in  a  history  which  brings  forward  such  a  mere  nobody  as  John 
Yenn.  Neither  is  any  mention  made  of  Carr,  of  York,  although 
he  was  of  considerable  repute  in  his  day,  and  erected  many  im- 
portant mansions  and  other  structures  in  the  northern  counties. 
Harrison,  of  Chester,  too,  is  similarly  passed  over  without  being 
so  much  as  named ;  and  to  him  may,  among  others,  be  added 
Porden.  Besides  omissions  of  tliat  kind,  there  is,  with  just  here 
and  there  an  exception,  the  general  and  pervading  omission  of  all 
attempt  at  satisfactory  critical  estimate  of  the  arcliitects  and 
buildings  that  are  recorded.  So  little  real  substance  is  there  in  it, 
that  Mr.  Elmes's  "  History"  amounts  to  very  little  more  than  a 
dry  catalogue  of  names.  What  is  worse,  it  is  not  trust-worthy  ; 
on  the  contrary,  is  so  full  of  obvious  mistakes  as  to  excite  general 
mistrust,  for  notliing  is  to  be  depended  upon  it  which  the  reader 
cannot  verify  for  himself.  The  Royal  Exchange  at  Dublin,  which 
"everybody"  knows  to  be  by  Cooley,  whose  talent  and  taste  are  very 
happily  displayed  in  it,  is  erroneously  attributed  to  Cliambers. 
Gandon  is  misnamed,  for  he  is  called  William  instead  of  James, — 
a  mistake,  perhaps,  of  no  very  great  moment,  but  which,  coming 
along  with  so  many  others,  evinces  the  writer's  habitual  careless- 
ness. It  would,  too,  have  been  as  well  to  have  stated,  that  a 
"  Life"  of  Gandon — such  as  it  is,  was  published  about  a  twelvemonth 
ago.  Connected  with  Gandon,  there  is  another  mistake,  for 
after  he  had  been  spoken  of  as  having  edited  the  two  last  volumes 
of  the  "  Vitruvius  Britannicus"  (viz.,  the  4th  and  Sth),  we  are  told 
that  "  Colin  Campbell  published  his  useful  work,  the  '  Vitruvius 
Britannicus,'  in  four  consecutive  volumes,  between  the  years  1715 
and  1771" — therefore,  the  last  of  them  about  forty  years  after  his 
death — "  to  which,  Woolf  and  Gandon  respectively  added  supple- 
mentary volumes  of  equal  skill  and  correctness."  This  is  so 
ambiguously  worded,  that  it  seems  to  say,  each  of  the  two  latter 
editors  separately  added  more  than  a  volume  to  the  original  work, 
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instead  of  bringing;  out  conjointly  two  other  volumes  to  accompany 
tlie  three  that  had  been  ]iiiblislie(l  by  Campbell.  When  he  was 
mentioning  that  collection  of  designs,  Mr.  Elmes  might  as  well 
have  observed,  that  it  is  by  no  means  so  com)ilete  as  it  ought  to 
have  been;  for  wliile  it  is  made  to  contain  severalverydull  andun- 
interesting  subjects,  others  are  omitted  whicli  are  either  of  con- 
siderable celebrity  or  merit, — such  as  Lord  Burlington's  Casino, 
at  Chiswick  (since  altered  bj'  Wyatt),  and  St.  George's,  Blooms- 
bury. 

IV.  In  speaking  of  ■^Vyatt's  Pantheon — of  which  greatly,  if  not 
extravagantly,  admired  structure,  it  is  equally  matter  of  surprise 
and  regret  that  no  engravings  were  given,  either  in  Gandon's  last 
volume  of  the  "Vitruvius,"  or  in  the  subsequent  worl-c  by  llicliardson, 
— IMr.  Elmos  sadly  neglectsbis  proper  duty  as  an  architectural  his- 
torian, to  gossip  very  provokingly  about  Lunardi's  balloon, instead  of 
entering  into  any  description  of  tlie  edifice  itself,  which  he  merely 
calls  a  "fine  work,"  with(nit  particularizing  any  of  its  beauties 
and  merits.  The  onl)'  [jart  of  it  on  which  he  makes  any  remarks, 
is  that  which  least  of  all  required  notice — namely,  the  front ;  it 
still  remaining  ])retty  nearly  what  it  was  at  first.  He  speaks, 
however,  of  the  portico  as  having  been  of  the  Ionic  order ;  and  if 
so.  the  Doric  one,  which  existed  before  the  building  was  converted 
into  a  bazaar,  cannot  luive  been  that  which  Mr.  Elmes  alludes  to, 
altluiugh  he  does  not  say  as  much.  In  what  is  said  of  that  front, 
the  term  "  wings"  is  not  very  correctly  applied,  the  whole  of  it 
forming  only  a  single  general  mass,  without  such  subdivision  into 
distinct  collateral  masses  as  properh'  answer  to  the  denomination 
of  "  wings,"  which  Mr.  Elmes  elsewhere  applies  equally  vaguely, 
as  when  noticing  the  "  Trinity  House,"  and  the  "  Society  of  Arts"  in 
the  Adelphi.  Another  instance  of  his  indefiniteness  in  what 
ought  to  be  exjilicit  technical  phraseology,  is  his  very  untechnical 
mode  of  describing  a  recessed  portico  or  loggia,  calling  it  some- 
times an  "  in\erse"  portico,  sometimes  a  "  retrocessed"  one,  or  by 
some  other  more  fantastical  than  intelligible  epithet. 

V.  The  admiration  professed  for  what  is  Soane's  liappiest  piece  of 
composition  has  not  extended  itself  beyond  words.  We  may  say 
of  it  liiitdutur  at  alget^  since  no  one  has  testified  his  estimation  of 
it  by  borrowing  an  idea  from  it,  notwithstanding  that  similar 
striking  effect  and  picturesque  expression  might  be  obtained 
without  falling  into  direct  imitation.  Nay,  Mr.  Elmes  would 
make  out  Soane  himself  to  ha\e  been  there  only  an  imitator, — at 
least,  to  have  "  had  in  his  mind  the  semicircular  porticos  of  the 
transepts  of  St.  Paul's,"  as  if,  without  them,  the  idea  would  not 
have  emanated,  as  no  doubt  it  immediately  did,  from  his 
studies  of  the  Temple  at  Tivoli,  whose  order — an  equally  beautiful 
and  peculiar  example  of  the  Corinthian,  tliat  had  previously  been 
ignored  by  all  modern  architects  and  all  the  systematisers  of 
the  Five  Orders, — was  adopted  by  him  at  the  Bank  as  a  decided 
no\-elty,  with  unimpeachable  classical  authority  for  it.  Still, 
though  he  adopted  it,  even  Soane  himself  does  not  appear  to  have 
comprehended  its  diaracter,  for  it  is  only  at  that  angle  of  the 
Bank  that  he  has  exhibited  it  entire,  having  in  the  other  parts  of 
the  building  employed  the  columns  only,  without  the  entablature 
which  belongs  to  them,  not  only  in  conformity  with  the  original 
example,  but  in  conformity  with  the  laws  of  aesthetic  design.  By 
supi)ressing — as  if  such  cliange  was  of  no  moment  at  all — the  rich 
embossed  frieze,  which  is  alisolutely  necessary  for  keeping  up 
harmony  and  perfect  agreement  in  the  eiu-emhle  of  the  order,  he 
converted  the  entablature  altogether  into  one  which  contrasts 
rather  than  at  all  agrees  with  the  columns  themselves.  Their 
fluted  shafts  become  too  rich,  and  their  capitals  look  too  heavy, 
in  comparison  with  the  emasculated  entablature.  The  energy  of 
expression,  as  well  as  the  degree  of  decoration  assumed  for  the 
columns,  stops  short  with  them,  instead  of  being  carried  on  con- 
sistently, and  extended  to  the  horizontal  division  of  the  order, 
wliere,  if  anything,  increase  rather  than  diminution  of  decoration 
is  requisite,  since  otherwise,  a  most  disagreeable  falling-off  takes 
place:  anijilwrd  cwpit  iiistitin, — ttrceus  exit.  If  decoration  is  to  be 
moderated  at  all,  it  sliould  at  least  be  done  consistently,  and  so  as 
not  to  tlirow  one  part  out  of  keeping  with  another ;  the  doing 
which — and  it  is  by  no  means  uncommon — betrays  either  down- 
right ignorance,  or  wilful  and  most  unpardonable  disregard  of  both 
precedent  and  principle.  What  is  not  least  of  all  extraordinary 
is,  that  those  who  are  gifted  withsuch  \ery  microscopic  vision  astobe 
struck  by  the  profile  of  a  mere  moulding  in  a  cornice,  or  some 
equally  minute  detail,  take  no  notice  of  such  wholesale  omissions  as 
the  suppression  of  sculi)ture  on  a  frieze  amounts  to.  In  some  por- 
tions of  the  Bank  the  frieze  is  not,  indeed,  left  entirely  blank,  it 
being  ornamented  witli  a  Vitruvian  fret ;  which,  however,  has  a 
tame  and  insipid  look  in  compariscin  with  the  boldness  of  the 
capitals.     If  deviation  from  the  original  there  was  to  be  at  all,  it 


would  not  have  been  amiss,  perhaps,  to  increase  the  cornice,  and 
also  give  it  stmiething  of  richness ;  thereby  i-endering  the  entabla- 
ture ecpiivalent  in  force  of  expression  to  that  of  the  ccdumns. 

VI.  \^'ith  regard  to  that  particular  feature  in  the  architecture 
of  the  Bank  which  has  given  rise  to  the  jireceding  remarks,  it 
has  obtained  more  of  professed  admiration  for  its  striking  effect 
than  of  inquiry  into  the  cause  of  that  effect.  For  such  inquiry, 
perha])s,  there  is  no  great  need  ;  becaiise  no  one  who  has  any  eye 
at  all  for  the  picturesque  in  architecture,  can  be  at  a  loss  to  deter- 
mine in  what  the  peculiar  piquancy  of  that  composition  consists. 
Still,  it  is  necessary  that  its  merits,  in  that  respect,  should  be  dis- 
tinctly pointed  out,  if  only  in  order  to  force  such  earnest  attention 
to  them  as  might  lead  to  similar  happy  results  in  composition. 
Precisely  the  same  columns  are  used  in  other  parts  of  the  build- 
ings, yet  nowhere  with  anjthing  at  all  approaching  the  same 
effect ;  and  why  ?  because  here  the  composition  is  such  as  to  be 
unusually  productive  of  those  "  accidents"  which  gi\e  life  and 
spirit  to  architecture — namely,  \igorous  cliiaro-sciiro,  play  of  per- 
spective, and  richness  of  combination.  There  is  not  merely 
light  and  shade  in  a  greater  than  cudinary  degree,  but  variety  of 
it — deepening  shadows  and  brilliantly-touched  lights  when  the  sun 
begins  to  strike  upon  that  angle  of  the  building.  Of  perspective  ap- 
pearance, also,  there  is  great  variety,  owing  to  the  apparent  changes 
of  position  between  the  external  columns  and  the  inner  ones,  and 
also  to  the  contrasted  disposition  of  them,  the  former  being  upon  a 
curved  line,  the  latter  on  a  straight  one.  There  is  also  another 
point  of  contrast  between  them  which  is  equally  judicious  and 
happy,  the  outer  columns  being  fluted  and  the  others  plain.  This, 
while  it  adds  to  the  variety  of  the  composition,  prevents  confusion  ; 
and  such  is  the  value  of  the  two  inner  columns,  that  without 
them  the  wln)le  would  be  many  degrees  less  admirable.  They  are, 
besides,  both  nioti\'ed  by  and  serve  to  warrant  the  mode  in  which 
the  attic  is  carried  across  the  loggia  in  a  straiglit  line.  The  only 
exceptionable  thing  is  the  door,  or  rather  the  appearance  of  door, 
when  there  can  be  no  entrance  from  without,  and  where  therefore 
a  window  or  window-door — even  had  that  also  been  only  in  ap- 
pearance— would  have  been  less  of  an  impropriety.  But  a  statue 
of  some  sort,  sufiiciently  important  in  size,  would  not  only  have 
been  an  interesting  object  of  itself,  but  have  done  away  with  all 
necessity  for  appearance  of  access  into  the  loggia,  since  the  latter 
would  in  such  case  have  had  an  ostensible  purpose  as  a  piece  of 
decoration. 

VII.  We  get  architectural  criticism — as  far  as  we  do  get  any  of 
it  at  all — merely  by  a  mouthful  of  it  at  a  time.  A\'hat  professes 
to  be  such  is  sekbmi  more  than  a  single  condensed  opinion  expressed 
in  the  lump,  wrapped  up  perhaps  in  a  mass  of  cumbersome  verbiage, 
or  else  enunciated  in  a  tone  of  oracular  decisiveness,  intended  to 
awe  into  silence  and  stifle  inquiry  and  discussion.  Even  Horace 
Walpole's  critical  verdicts,  albeit  they  were  sometimes  turned 
epigrammatically  enough,  were  both  flimsy  and  unjust,  shallow  and 
superficial.  Wliat  he  says  of  the  campanile  of  St.  George's, 
Bloomsbury,  amounts  to  a  mere  sneer,  and  convicts  him  withal 
of  being  quite  obtuse  to  picturesque  effect  in  composition,  and 
other  architectural  merits.  As  to  Gothic  architecture,  Horace 
disqualified  himself  for  setting  up  as  a  judge  of  that  by  his  own 
precious  Strawberry  HiU,  which  would  liave  absolutely  horrified 
him  had  he  possessed  the  slightest  feeling  whatever  for  that  style. 
Yet,  even  \ile  as  it  is,  Strawberry  Hill  has  been  deliberately 
praised  by  another  discei-ning  critic  and  writer  on  architecture, 
who  says  that  the  connoisseur  would  there  find  "all  that  is  fas- 
cinating in  the  Gotliick  style."  All  that  is  fascinating  with  a  ven- 
geance !  ^V'ere  it  possible  to  conceive  that  DaUaway  was  there 
merely  joking,  we  could  account  for  such  praise  as  being  con- 
demnatory irony ;  liut  he  seems  to  have  been  quite  serious,  and 
must  accordingly  have  been  exceedingly  stui>id  also.  In  what  its 
fascinations  consist  he  does  not  say,  althougli  if  any  such  merits 
there  were,  it  behoved  a  critic  to  point  them  out,  and  to  do  so  in 
such  manner  as  so  fix  attention  upon  them.  The  comfort  is,  we 
lose  very  little  by  Dallaway's  confining  himself  to  only  very 
hurried  and  superficial  remarks  on  nu)dern  English  buildings  and 
architects,  since  what  he  does  say,  indicates  but  very  mediocre 
critical  talent  and  taste.  AVhat  sort  of  an  architectural  critic 
Allan  Cunningham  was, — how  well  qualified  to  undertake  the 
"Lives  of  British  Architects,"^ — may  be  judged  from  the  censure  he 
passes  upon  the  large  open  arches  and  loggias  above  them  in  the 
river  fayade  of  Somerset  Place, — the  most  striking  features,  or 
rather  the  only  Striking  ones,  in  that  composition.  In  a  fit  of 
hypercriticism,  Allan  affects  to  be  shocked  at  those  very  picturesque 
parts  of  the  structure,  as  being  quite  contrary  to  all  architectural 
principle  and  propriety,  he  asserting  that  the  columns  over  the 
void  of  the  arch  produce  "  an  appearance  of  insecurity  that  is  al- 
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together  intolerable ;"  which  is  as  much  as  to  say,  that  instead  of 
suggesting  the  idea  of  strength  and  perfect  security,  ^he  arch 
loolis  unequal  to  the  due  support  of  the  columns.  Nevertheless, 
it  is  certain  that  those  arches  are  capable  of  safely  bearing  the 
weight  of  the  columns,  and  can  also  safely  bear  the  weight  of 
what  is  much  heavier  still — namely,  Allan's  own  leaden  criticism. 

V^III.  Very  great  pity  is  it  that  St.  Martin's  Church  stands  just 
where  it  does,  because  it  was  in  consequence  allowed  to  interfere 
very  injuriously  both  with  the  National  Gallery  and  Trafalgar 
Square.  Owing  to  its  being  obstinately  insisted  upon  as  a  sine  qua 
non,  that  the  portico  of  the  church  should  be  exposed  to  ^iew  from 
Pall-Mall-East,  the  front  of  the  Gallery  was  obliged  to  be  set  fur- 
ther back  than  it  otherwise  needed  to  be,  and  the  site  of  the 
building — at  best  a  very  cramped-up  one  in  its  rear — consider- 
ably reduced  in  depth  ;  in  some  parts,  to  little  more  than  half. 
Hence,  the  interior  of  the  structure  does  not  at  all  realise 
the  promise  made  by  its  extent  of  fa?ade.  Admitted  it  must  be, 
that  the  arcliitect  did  not  economise  what  space  he  had  so  well  as 
he  might  hdve  done  ;  still,  that  does  not  excuse  those  whose 
capricious  whims  thrust  difficulties  upon  him  where,  without  such 
addition  of  them,  there  were  many  to  contend  with. — On  the  other 
hand,  as  regards  the  "  Square,"  its  symmetry  and  rectangularity 
have  been  sacrificed  for  the  sake  of  keeping  its  east  side  in  a  line 
witli  the  portico  of  St.  Martin's,  which  would  still  have  shown 
itself,  even  had  it  not  been  made  to  come  actually  into  that  corner 
of  it.  After  all,  does  the  church  display  itself  to  such  advantage, 
as  to  reconcile  us  to  the  inconveniences  and  deformities  which  it 
has  been  allowed  to  give  rise  to  ?  The  reply  will  be  :  "  Hardly." 
Thrown  open  to  view  from  such  a  distance  as  it  now  is,  that  por- 
tico is  not  so  impressively  striking  as  it  formerly  was.  As  it  stood 
originally,  the  situation  seemed  altogether  unworthy  of  it,  owing 
to  its  being  much  too  confined,  and  to  the  meanness  of  the  houses 
hudtUed-up  round  the  church — a  species  of  contrast  more  pictu- 
resque than  becoming  or  agreeable.  Nevertheless,  as  it  was  then 
seen,  the  portico  showed  imposingly  ;  and  all  the  more  so,  because 
the  view  was  confined  nearly  to  that — the  steeple  not  being  seen 
unless  it  was  directly  looked  up  to  ;  whereas  now,  as  seen  from  a 
distance,  the  entire  structure,  that  is,  both  portico  and  steeple — 
the  latter  of  them  anything  but  a  graceful  and  well-composed 
object  of  its  kind — are  seen  together  ;  owing  to  which,  the  portico 
loses  considerably,  and  the  classical  character  that  would  else  stamp 
it,  when  beheld  at  such  a  distance  that  only  its  exterior  or  columns 
are  visible,  is  greatly  interfered  with,  if  not  altogether  forfeited, 
by  the  uncouth  appendage  which  rises  up  immediately  behind  it. 
By  no  means  is  the  view  of  the  portico  from  Pall-Mall-East  a  pre- 
possessing one. — Trafalgar  Square  itself  falls  very  far  short  of 
what  was  only  reasonable  expectation  for  it.  Strange  perversity 
of  judgment,  bungling,  and  disregard  of  architectural  disposition 
have  been  allowed  to  manifest  themselves  in  it.  Although  the 
area  itself  seems  to  have  been  expressly  planned  for  the  reception 
of  the  Nelson  monument,  the  column  is,  after  all,  not  placed 
within  it,  but  is  pushed  just  out  of  it.  The  only  assignable  reason 
for  such  dovenright  preposterousness  is,  that  had  it  been  erected  in 
the  centre  of  the  area  prepared  for  it,  so  lofty  an  object  put  just 
there  would  have  had  an  unfavourable  effect  upon  the  front  of  the 
Gallery.  Very  true ;  but  then  that  consideration  ought  to  have 
been  a  raison  de.  plus,  and  an  all-sufficient  reason  in  itself,  for  not 
adopting  a  column,  more  especialy  as  there  was  another  thing  of 
tlie  same  kind  just  by.  'There  were  many  other  designs  which, 
besides  being  sufficiently  well  adapted  to  the  situation,  were  far 
more  original  and  artistic.  It  was,  therefore,  to  be  presumed  that 
the  secoud  competition  was  for  the  pui-pose  of  enabling  the  com- 
mittee to  retrieve  the  error  of  their  first  choice  ;  when  lo  !  to  the 
amazement  of  every  one,  the  result  was  just  the  same  as  before, — 
which  was  only  making  matters  worse  than  before.  Far  better — 
far  more  honest  and  honourable  would  it  have  been  to  have  abided 
by  their  decision,  than  to  make  such  show  of  intending  to  retract 
it.  The  least  they  could  in  decency  have  done,  would  have  been  to 
justify  by  some  show  of  reason  for  it,  a  choice  so  strangly  persisted 
in,  and  so  strangely  acquiesced  in  by  those  who  had  been  trifled 
with.  The  best  that  can  be  said  of  the  humdrum  Nelson  monu- 
ment is  that  it  serves  to  render  the  facade  of  the  National  Gallery 
perfectly  satisfactory  in  comparison  with  it. 


RAILWAY  SECTIONS  IN  SIDELONG  GROUND. 

On  Tables  for  Setting  out  the  Width  of  Cuttings  and  Embankments 
on  Sidelong  Ground ;  and  also  Formulce  for  Computing  the  Area  of 
Vertical  Section. 

By  R.  G.  CL.iRK,  C.E. 

The  object  of  this  paper  is  to  investigate  some  simple  formula?, 
and  from  thence  to  construct  some  tables,  to  enable  the  assistant 
engineer  or  contractor  to  set  out  the  widths  of  cuttings  and  em- 
bankments on  sidelong  ground;  and  also  to  calculate  the  solid 
content  of  any  portion  of  the  ground.  The  subject  may  be  re- 
solved in  the  following  proposition: — 

Given  the  /  of  inclination  of  ground,  the  depth  (from  field- 
book,  &c.)  of  ground  to  the  centre  of  balance  or  formation  level, 
and  tlie  ratio  of  the  slopes ;  to  determine  where  they  will  meet  the 
ground  at  surface. 

Let  HAFBD  (fig.  1)  be  a  vertical  section  of  the  ground; 
A  B  the  formation  line,  represented  by  2  i  ;  the  given  angle  of  in- 
clination of  ground  H  D  with  the  horizon  by  e  ;  tlie  given  depth 
O  F  from  the  stake  O  perpendicular  to  centre  of  formation  level 
denoted  by  a. 


F  B 

Fig.   i. 

I.  We  will  proceed  first  to  determine  a  formula  for  O  D  Let  it 
be. r;  draw  DK  perpendicular  to  A  B  produced  ;  O /' parallel  to 
A  B  K  Let  D  B  be  the  given  slope  m  base  to  1  perpendicular  ; 
draw  the  vertical  B  C. 

Let  D/=  y;  then  Oc  =  FB  =  6;  ef=  my;  also  by  similar 
triangles,  C  e  ;=  m  a.     .■■Of=b  +  ma  +  mg. 
Now,  by  triangle  O/D,  right-angled  at/,  we  have 
I    :   x  ::   sin e   :   y.     .■  .g  =:x.sia0. 
Again,  1    :   x  :\  cos  e   :   b  +  7na  +  my. 

. -.x.  cose  =z  b  -{■  ma  -\-  my. 
Eliminating y,  then  x  (cos  e  -  msiae)  =  b  +  ma  ; 
b  -\-  ma 


therefore,  a?  = 
1 


(1) 

of  the  above  formula,  the  Table 


From  the  factor,  — 

cos  8  —  m  sin  f 

No.  I.  is  computed  from  5°  to  20°. 

2.    To  find   an  expression  for  O  H  measured  from  O  on  the 
descent. 

Draw  H  M  (fig.  2)  perpendicular  to  A  B  produced.     Let  H  A  be 


r 

0 

^g0f^ 

5 

Fig.  2. 

the  given  slope,  ratio  as  before.     Let  H  M  =  ?/' ;  then  will  A  M  =: 

m  y'.     Therefore,  H  G  =  N  F  =  6  -(-  nj «/' ;  also  O  g  ^  a  —  y'. 

By  the  triangle  H  ^r  O  we  have  1    '.   jc'  W  sin  B   ;   a  -  y' ; 

therefore,  a  -  j/'  :=  a;' .  sin  e  ;  and  ^'  =  a  —  j' .  sin  B. 

Again,  1       x'  : ;  cos  9   ;   b  -\-  m  y'. 

Eliminating  y,  we  have  x'  (cos  fl  -J-  m  sin  e)  ■=  b  -\-  ma; 

therefore,  x'  =  ^4- ; —  (2) 

cos  B  -)-  m  sin  fl 

From  this  expression,  Table  No.  II.  is  calculated  by  the  factor 

1 

cos  e  -|-  TO  sin  fl' 

10* 
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3.  We  shall  iKiH 
vertical  section  ;  tli 
mitiiiii  kvel,  and  le 
all  given. 


investig.ite  an  expression  for  the  area  of  the 
e  inclination  of  pround,  depth,  breadth  of  for- 
ntrtlis  .(,  .(',  and  also  the  ratio  of  slope,  being 


Fig.  3. 

Through  centre  O  (fiff.  .3),  draw  Pe  parallel  to  A  B  ;  then  P  O 
—  b+ma.     .  •  .  area  of  trai)ezoid  P  A  B  e  =  (2  4  +  m  a)  «  ; 
area  of  triangle  P  O  II  =  i sin e.x'  {b  +  m  a)  ; 
and  area  of  triangle  D  ()  e  =  l^sin  0  .r  {b  +  m  a).  _ 

Consequentlv,  the  whole  area  of  trapezium  or  vertical  section  _ 

area  P  A  B  e  +  area  triangle  DOe  -  area  triangle  P  O  hl_ 

(26  + ma)  a  +  ^,{b  +  ma)  {x  -  y)sin8 (3) 

The  first  column  of  the  table  gives  the  angle  of  inclination  of 
the  ground,  and  the  adjoining  column  the  nat  sines  to  three  places 
of  decimals,  to  facilitate  working  out  the  area,  as  in  equation  (3). 
We  shall  now  commence  with  the  following  Rules. 

I  To  find  thf.  two  lengths  O  D  and  O  H  :— Rule.  Add  the  half- 
breadth  of  formation  level  to  the  product  of  the  slope  and  given 
depth  •  then  multiply  this  sum  bv  the  corresponding  tabular  num- 
ber, then  will  each  product  be  equal  to  each  length  required. 

II.  To  find  the  area  of  section  H  A  B  D  :— Rule.  1st.  Add  the 
formation  level  to  the  product  of  the  ratio  and  depth,  and  midtiiily 
this  sum  by  the  depth.  2ndly.  Add  half  the  formation  level  to  the 
product  of  ratio  and  depth  ;  multiply  this  sum  by  the  difference  of 
the  two  lengths,  and  again  by  nat  sine  of  angle.  Add  these  two 
products,  and  their  sum  will  be  the  area. 

E.ramp!e  1.— Given  the  angle  of  inclination  of  ground  18°;  slope, 

1  to  1  ;  depth,  45  feet ;  and  breadth  of  formation  level,  30  feet.  To 
find  distances  of  centre  stake,  area  of  section,  and  cubic  content, 
when  100  feet  in  length. 

Here  ft  -I-  a  m  =  15  -H  45  =  60  ;  m  =  1  ;  6  =  18°;  its  nat  sin  =  -309 

.  • .  1-557  X  GO  =  93-429  =  O  D.     -799  X  60  =  47-940  =  O  H. 

By  formula  (3)  we  have  (30  +  45)  45  -t-  i  (15  -(-  45)  (45-48y309 

=  75  X  45  +  30  X  45-48  X  '309  =  4099-5  area  required. 

Cubic  content  =  409950-0. 

Example  2.— Given  angle  of  inclination  of  ground,  20° ;  slope, 

1|  to  1  ;  depth,  50  feet ;  and  breadth  of  formation  level,  30  feet. 

To  determine  distances  and  also  area. 

Here  a  =  50  ;  6  =  15;  m-  l^  =  * ;  fl  =  20° ;  its  nat  sin  =  -342 

.  - .  6  -f  a  m  =  15  +  75  =  90. 
Xow,  2-344  X  90  =  210-96  =  O  D.     -781  X  90  =  70-29  =  O  H. 

By  formula  (3)  for  area  we  have 
(30  -I-  75)  a  -f-  4  (15  +  75)  (140-67)  -342  =  -7174  area  required. 
Example  3 — Given  the  inclination  of  ground,  18°  ;  slope  to  be 

2  to  1  ;  depth  from  field-book,  20  feet ;  breadth  of  formation  level, 
30  feet.     To  find  area  and  distances. 

Here  6  =  IS  ;  a  =  20  ;  fl  =  18  ;  m  =  2.     .  •  .  6  -j-  om  =  55. 
55  .  X  3-000  =  1 65-  =  O  D.     55 .  X  -641  —  35-25  =  O  H. 
By  formula  (3)  we  have 
(30  4-  40)  20  -f  ^  (15  -f-  40)  (129-74)  -309  =  2505  area  required. 

Remark. — If  the  ground  should  ascend  and  descend,  as  in  the 
adjoining  diagram  (fig.  4),  then  Table  No.  II.  is  to  be  used  to  find 
the  distances.  Table  No.  I  will  in  like  manner  be  required  for 
ground  descending  from  centre,  as  in  fig.  5. 


Fig.  4. 


•Fig-  -I- 


The  Tables  will  likewise  do  for  embankments — No.  I.  for  the 
TRscent  from  centre  stake,  and  No.  II.  for  the  descent. 

We  shall  now  discuss  the  equations   (1)  and  (2).      Put  them 


respectively  under  the  following  forms.  T,  T',  being  tabular  num- 
bers, A  =  6  4-  m  a. 

X  =  T  .  A  ;  and  X'  =  T' .  A. 

Divide  by  T,  T',  respectively  ;  then  y„  =  'f^,  A  being  eliminated. 

Therefore  the  two  distances,  ,r  and  .r',  are  to  each  other  as  their 
respective  tabular  numbers;  consequently,  the  distances  can  be 
proved  by  a  second  operation.  The  Tables  might  have  beeii  car- 
ried up  to  45°,  but  then  they  would  r.^|uir<;  a  greater  uuinber  of 
places  of  decimals  to  insure  greater  accuracy. 


In  taking  tlie  angle  of  inclination,  the  climmjter  or  common 
theodolite  might  be  used  ;  but  if  the  spirit-level  should  be  used, 
then  we  have  only  to  measure  from  O  downwards  nn^distanoe.  Or, 
(fig.  6),  and  then  take  the  height  with  instrument ;  and  then  will 

,.         .         I,..     ,.       •/-.,  r\  1  height 

the  sine  oi  angle ot  inclination  U as  =  rUa  =   t^ — ~ — . 

distance 


TABLE 

No.  I.-ForOD. 

TABLE 

No.  II.— For  OH.      j 

Aiii-le. 

Nat.  Sin. 

1  to  1 

l^to  1 

2t0  1  j 

2  to  1 

1^  to  1 

1  to  1 

5° 

•087 

1-100 

1-156    ' 

1-217    ! 

•854 

•881 

•926 

6° 

-105 

1-124 

1193 

1-273 

•832 

•868 

•910 

7° 

-122 

1-148 

1-230 

1-323 

■802 

•851 

•895 

8° 

-139 

1-175 

1-2S0 

1-404 

•780 

•835 

•885 

9° 

•156 

1^203 

1-328 

1-496 

•761 

•820 

•873 

10° 

•174 

1-233 

1-380 

1-570 

•752 

•804 

•856 

11° 

•191 

1-265 

1-437 

1-666 

•736 

-780 

•850 

12° 

-208 

1-279 

1-500 

1-778 

•700 

•780 

•844 

13° 

•225 

1-330 

1-566 

1-902 

-705 

-763 

•841 

14° 

•242 

1-372 

1-655 

2-055 

-696 

•752 

•826 

U° 

•259 

1-414 

1-731 

2-230 

•676 

•740 

•818 

16° 

•276 

1^459 

1-825 

2-463 

•663 

•727 

•800 

17° 

-292 

1-506 

1-930 

3-600 

-645 

•717 

•801 

18° 

•309 

1-557 

2-050 

3-000 

1     -641 

•710 

-799 

19° 

•S26 

1-613 

2-186 

3^040 

\     -630 

•698 

•787 

20° 

■342 

1-673 

2-344 

3-913 

■611 

•680 

•781 

Erratum, — The  diagrams,  figs.  2  and  6,  in  the  aboi;e  article,  are 
transposed,  for  which  oversight  the  printers  are  accountable ;  but 
beyond  such  transposition  the  error  does  not  extend. 


REVIEWS, 


The  Port  and  Docks  of  Birkenhead ;  irith  Maps,  Plans,  Sections, 
and  Tidal  Diagrams,  and  an  account  of  the  Acts  of  Parliament  re- 
lating to  the  Mersey  and  Dock  Estate  of  Liverpool.  By  Thomas 
Webster,  M.A..  F.R.S.      London  :  Chapman  and  Hall,  1848. 

Birkenhead  lias  been  a  wonder,  and  has  had  its  nine  dajs,  and  very 
many  are  quite  ready  to  believe  that  we  have  had  enough  of  it. 
The  announcement  of  sucli  a  town  springing  up  in  England  was 
calculated  to  creiite  as  much  astonishment  as  that  of  Aladdin's 
palace  fresh  coined  by  liis  wonderful  lamp.  It  is  not  so  easy  to 
create  great  wonders  in  an  old  and  settled  country  like  this  :  cities 
of  whitewash  and  timber-framing,  metropolitan  centres  of  slab- 
houses  and  log-huts,  we  leave  to  the  far  west  of  the  States,  or  the 
sandy  regions  of  Australia  ;  and  we  should  be  no  more  surprised 
by  the  flourishing  account  of  a  Babylonian  capital  newly  hatched 
in  California,  than  by  the  siglit  of  the  three  last  joints  of  the  sea- 
serpent's  tail,  or  the  repudiation  of  a  fresh  batch  of  Pennsyhanian 
bonds.  Towns  grow  in  the  \irgin  soils  of  the  new  world ;  they 
are  a  natural  production — or  at  any  rate  they  can  be  planted  as 
easily  as  cotton,  or  what  the  Americans  dignify  with  the  name  of 
corn.  We  can  reconcile  ourselves  to  such  creations  as  Fleetwood, 
or  Kingston-upon- Rail  way,  Wolverton,  or  Swindon, — the  resuscita- 
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tion  of  Folkestone  ia  a  piece  of  the  legitimate  drama ;  but  the 
public  were  truly  struck  with  wonder  to  hear  of  tlie  production 
on  the  shores  of  the  Mersey  of  a  g-reat  town,  of  the  most  solid 
construction  and  of  the  most  magniiicent  proportions,  pro\ided 
with  all  the  requisites  of  a  perfect  sanitary  condition,  with  its 
labourers'  houses,  its  park,  schools,  and  market, — and  this  not  a 
mere  city  of  stone  and  Roman  cement,  but  jirovided  with  such  vast 
apparatus  for  commerce,  that  the  en\y  of  the  London  merchants 
was  excited,  and  Liverpool  gave  signs  how  much  she  feared  so 
great  a  ri\al  near  her  throne.  This,  certainly,  was  a  new  pheno- 
menon in  England,  for  though  we  can  add  to  London  in  one  year 
a  population  equal  to  New  York,  or  enlarge  Liverpool  with  an  ad- 
dition as  big  as  Albany,  yet  we  do  not  throw  our  strength  into 
new  civic  creations. 

Since  Birkenhead  burst  so  suddenly  on  the  public  gaze  the 
novelty  has  passed  away, — and  still  more,  from  fortuitous  circum- 
stances, its  glories  have  been  dimmed,  and  its  growth  has  been 
cramped ;  sr)  that  the  interest  it  has  excited  has  much  worn  oft', 
and  we  shall  be  suspected  of  parading  before  our  readers  a  stale 
subject,  when  we  mention  Birkenhead ;  but  as  we  are  not  going  to 
describe  Morpeth  Buildings,  nor  to  investigate  the  statistics  of  the 
trade  of  the  Mersey,  nor  to  recommend  the  Liverpool  merchants 
to  give  up  and  settle  at  Birkenhead,  we  may,  perhaps,  meet  with 
a  little  attention,  for  Mr.  Webster's  book  on  Birkenhead  gives  us 
the  opportunity  of  examining  the  plan  as  concerns  its  hydraulic 
features.  Though  Birkenhead  may  be  a  gi-eat  town,  and  the 
docks  a  great  speculation,  yet  thei-e  are  scientific  considerations 
involved  in  the  harbour  plan,  which  must  render  it  a  matter  of 
permanent  interest  to  professional  men.  If  Birkenhead  itself 
bears  experiment,  the  walling  of  AVallasey  is  one  of  not  less  im- 
portance. 

To  make  a  dock  is,  in  the  hands  of  some  engineers,  a  very 
simple  operation ;  they  scoop  out  a  certain  space  on  the  shore,  they 
run  out  jiiers  into  the  water-way,  or  take  in  so  much  of  the 
strand,  and  they  are  satisfied — though,  for  anything  they  know  or 
care,  the  mouth  of  their  docks  gets  choked  up  with  sand,  or  the 
water  at  the  entrance  of  the  harbour  is  lessened,  and  a  dock  made 
for  ships  drawing  eighteen  feet  will  not  take  in  those  of  fifteen. 
They  have  a  great  idea  of  dredging  and  sluicing  power;  and 
besides  making  a  dock  or  harbour  which  fails  in  many  of  its  es- 
sentials, they  burthen  it  with  a  permanent  establishment  for 
getting  rid  of  the  silt  which  they  have  let  in,  and  the  sand-banks 
they  have  created,  for  it  is  surprising  what  very  stupid  and  very 
careless  people  can  do  without  knowing  it.  Mr.  Rendel,  when  he 
was  called  in  to  make  a  j)lan  for  VV^allasey  Pool,  thought  it  his 
duty  to  survey  the  whole  water-way  of  the  Mersey,  and  to  make 
himself  acquainted  with  the  action  of  the  currents  and  tides,  so 
that,  in  laying  down  a  deep-water  dock  at  Birkenhead,  he  might  not 
be  shutting  the  outer  gate  to  seaward — the  Victoria  Channel. 
Nothing  is  more  common  ;miong  seafaring  men  than  to  hear  them 
complain,  and  complain  with  justice,  that  in  consequence  of 
new  engineering  «orks  in  some  harbours,  the  depth  of  the  water 
in  the  channel  has  been  reduced,  some  dangerous  shoal  extended, 
some  fixed  bank  made  into  a  quicksand,  or  a  bar  which  was 
troublesome  enough  before  made  a  greater  stumbling-block.  If 
there  be  any  up-navigation,  that  is  sure  to  suft'er  when  the  jioint 
of  discharge  into  the  sea  is  injured,  and  the  lighterman  complains 
that  the  channels  are  dioked,  that  the  tide  does  not  run  up  so 
high,  or  that  he  has  less  tide  to  carry  him  up ;  and  the  wharfinger 
finds  that  his  frontage  is  stopped  with  sand  and  shingle.  There  is 
"more  bungling  under  the  name  of  hydraulic  engineering  than 
j)€rhaps  in  any  branch  of  the  profession.  It  is  the  opprobrium  of 
engineering,  that  after  hundreds  of  thousands  have  been  spent  on 
!Ui  hydraulic  work,  it  is  a  complete  failure ;  harbours  are  choked, 
piers  pushed  out  only  to  push  bars  or  shingle  further  seaward,  and 
sea-walls  are  made  with  the  most  solid  masonry  and  with  the 
very  smallest  modicum  of  expense  or  capacity,  so  that  they  topple 
down  before  the  walls  are  well  set.  So  little  is  this  branch  of 
engineering  appreciated  by  the  public,  that  large  tracts  of  avail- 
able land — two  new  shires  in  fact^ — are  left  unsecured  on  the  east  and 
west  coasts  of  England,  when  they  ought  long  since  to  have  been 
embanked.  There  is  scarcely  a  river  or  water-way  in  the  country 
which  is  not  kept  in  a  state  disgraceful  to  the  engineering 
science  of  England.  Let  any  one  leave  the  metropolis,  and  look 
at  the  shores  of  the  Thames  and  Medway  :  marshes  badly  drained, 
or  not  drained  at  all ;  river  walls  made  so  steep  that  they  are 
yearly  cut  into  or  undermined ;  and  stones  put  year  after  year  to 
be  washed  away,  because  they  are  put  where  they  ne\er  ought  to 
have  been. 

We  do  not  know  whether  the  government  ought  to  take  in 
iiand,  as  in  Holland,  the  care  of  our  water-ways,  for  we  place  no 


confidence  in  what  the  government  does.  The  constitution  of  the 
Tidal  Harbour  Commission  is  not  such  as  to  inspire  any  great 
hopes  from  government  interference,  for  while  that  commission  is 
ornamented  with  a  military  engineer  in  due  course,  there  is  not 
one  civil  engineer  upon  it.  The  one  great  remedy  is  by  the 
exertion  of  the  members  of  the  engineering  profession  to  improve 
the  state  of  hydraulic  engineering,  and  particularly  to  execute 
carefully  whatever  duties  they  undertake.  This,  we  think,  Mr. 
Rendel  has  done;  and  though  we  differ  from  him  in  some  points, 
we  have  no  doubt  that  he  has  carefully,  conscientiously,  and  la- 
boriously exerted  himself  in  this  survey  for  Birkenhead. 

It  is  tolerably  well  known  that  Liverpool  is  one  of  the  worst 
harbours  in  the  country,  with  long  and  tortuous  channels,  among 
dangerous  banks,  and  all  the  doubts  and  uncertainties  of  a  bar- 
harbour,  so  that  its  very  continuance  as  a  harbour  is  precarious, 
and  has,  before  this,  been  endangered.  A\'hile  Liverpool  is  a  bad 
harbour,  it  is  a  bad  harbour  on  a  large  scale  ;  and  those  resources 
of  science  which  are  available  for  the  improvement  of  small  har- 
bours can  do  very  little  on  miles  of  sea-channel  and  acres  of  sand- 
bank ; — still  they  can  do  a  little,  and  it  becomes  of  great  import- 
ance, that  in  any  operation  within  the  estuary,  all  care  shall  be 
taken  to  prevent  injury  to  the  outer  channels.  Mr  Rendel  has 
tried  to  improve  them. 

The  form  of  the  Liverpool  estuary  is  peculiar.  It  is  wide  above 
and  nai-row  below,  so  that  it  has  been  compared  to  a  bottle  with 
the  neck  seaward.  It  is,  however,  outside  the  neck  of  the  liottle 
that  the  sea-channels  and  banks  are  stretched  out.  Perhai)s  we 
may  improve  \ipon  the  bottle  simile,  by  calling  the  estuary  a 
curved  poivder-fiask.  Liverpool  lies  on  the  neck,  on  the  concave 
side,  and  Birkenhead  opposite,  on  the  convex  side.  The  wide  ])art 
stretches  up  to  Runcorn.  Liverpool  formerly  had  an  inlet  called 
the  Liver  Pool.  This  has  been  dammed  up,  and  built  upon  ;  by 
which  so  much  has  been  taken  from  the  breakwater.  The  whole  of 
the  docks  of  Liverpool  have  likewise  been  taken  from  the  break- 
water, being  constructed  upon  the  strand.  Thus  the  neck  of  the 
bottle  has  been  narrowed  \ery  much  more  than  it  was  originally. 

Just  above  Liver))ool  a  bank  and  slielf,  called  Phickington 
Bank  and  Shelf,  have  been  formed,  which  are  not  very  advantageous 
to  the  docks  before  which  they  lie. 

The  Birkenhead  shore  has  been  untouched.  It  has  a  large 
inlet  running  up,  named  Wallasey  Pool,  and  this  has  shown  a  ten- 
dency of  late  years  to  silt  up.  Indeed,  considering  Wallasey 
Pool,  Pluckington  Bank,  and  the  general  evidence,  we  should  say 
that  tliere  is  a  decided  action  unfavourable  to  the  good  condition 
of  the  harbour. 

The  deepest  water  lies  on  the  Birkenhead  shore,  so  that  it  has 
a  depth  below  the  lowest  dock-sills  on  the  Liverpool  side. 

It  will  be  seen,  that  whatever  works  are  undertaken  at  Birken- 
head, they  may  act  upon  the  upper  part  of  the  flask,  upon  the 
neck  and  so  affect  Liverpool  outside,  and  so  operate  upon 
the  Victoria  Bar  and  Channel.  AVhether  this  action  was  to  be 
for  good  or  evil  very  much  depended  upon  Mr.  Rendel ;  and  he 
might  have  done  as  others  have  done — made  his  docks,  and  cared 
no  more  about  it :  but  he  has  w  isely  taken  a  wider  view,  and  tried 
to  do  all  that  was  possible  to  improve  the  state  of  the  harbour. 
This  was  done  wisely,  because  the  continuance  of  Birkenhead  de- 
pends upon  the  good  condition  of  the  Victoria  Channel ;  and  if 
vessels  cannot  get  over  the  bar  outside,  they  will  never  be  able  t^ 
get  into  docks  either  on  the  Liverpool  or  Birkenhead  side.  Mr. 
Rendel's  plan,  therefore,  is  not  one  merely  for  making  the  Birken- 
head docks  ,but  lor  improving  the  harbours  of  Liverpool. 

AVallasey  Pool  has  a  wid«  mouth,  and  runs,  narrowing  as  it  goes, 
about  two  miles  inland,  taking  the  drainage  of  a  small  district. 
This  Pool  is  mostly  dry  at  low  water.  The  opening  of  this  Pool  is 
perhaps  a  mile  across. 

This  Pool  may  be  taken  as  two  parts,  the  mouth  or  funnel,  and 
the  upper  part.  Mr.  Rendel's  plan  is  to  take  advantage  of  a  ledge 
of  rock  which  runs  across  the  neck,  and  shut  off  the  upper  part  bv 
a  great  dam  with  lock-gates,  and  having  a  line  of  sluices  as  here- 
after described. 

The  upper  part  constitutes  a  float  of  150  acres,  kept  up  at  high- 
water  mark,  and  on  the  sides  of  which  docks,  wharfs,  warehouses, 
and  building-yards  may  be  formed,  .'\round  this  float  a  river-wall 
is  to  be  built  as  frontage  to  the  wharfs. 

The  mouth  of  the  Pool  is  to  be  embanked,  except  a  low-water 
basin  of  37  acres  open  to  the  Mersey. 

The  sluices  in  the  dam  are  to  be  so  arranged  as  to  be  near  the 
bottom  line  of  the  outer  low-water  basin,  so  that  on  being  run  out 
they  shall  sweep  the  bottom  of  it.  This  they  are  to  do  during  a 
part  of  the  tide  only,  so  as  to  concentrate  the  action,  to  keep  the 
basin  and  its  mouth  free  from  silt,  and  to  send  the  water  down  to 
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the  Victoria  Bar  at  the  best  time  for  action  on  it.  By  the  con- 
struction of  the  sluices,  the  «ater,  instead  of  l)einff  pouretl  down 
to  tear  ii]>  the  bottom  of  the  basin,  will  be  sent  alonjj  in  a  sheet,  so 
as  to  prevent  the  silt  from  depositing  itself.  This  sheet  will  lie 
sent  below  the  water  in  tlie  basin,  and  Mr.  Rendel  thinks  it  will 
act  to  sweep  the  silt  2,000  feet. 

It  will  be  seen  tliat  by  blocking  up  the  Pool  and  inclosing-  the 
greater  ])art  of  the  strand,  a  considerable  body  of  tidal  water  is 
dis]jlaced. 

Mr.  Rendel  expects  by  straightening  the  shore  on  the  Birken- 
Iiead  side  that  the  access  of  the  tide  to  the  upper  Mersey  will  be 
improve<l,  and  that  the  scour  being  increased  Pluckington  Bank, 
on  the  Liver|iool  side,  will  be  reduced,  a  better  entrance  will  be 
made  to  AVallasey  Pool,  and  a  more  favourable  action  will  be 
exerted  on  the  Victoria  Bar. 

The  plan  seems  open  to  the  objection  that  injury  must  ensue 
from  the  tidal  displacement  at  Birkenhead,  particularly  as  by  the 
construction  of  new  docks  on  the  Liverpool  side  a  further  displace- 
ment takes  place  there. 

Mr.  Rendel  says  that  this  is  of  no  importance  in  the  case  of  the 
Mei-sey.  If  the  river  were  of  a  funnel  shape  an  obstruction  below 
would  impede  the  passage  of  the  tide  up,  and  diminish  the  quan- 
tity of  water  available  for  scour.  He  allows  that  injury  %vill  ensue 
if  an  obstruction  takes  place  in  the  up])er  Mersey,  because 
there  will  be  less  room  for  the  water  to  accumulate ;  and  there- 
fore there  will  be  a  less  body  to  scour  down  on  its  ebb.  He 
contends,  however,  that  the  displacement  on  the  neck  of  the  flask 
is  of  less  importance,  as  the  water  there  is  of  less  power  for 
the  scour  than  the  water  returning  from  the  upper  Mersey.  Tlie 
tide  will  always  have  time  and  power  to  force  its  way  up  the  neck 
to  supply  the  reservoir  in  the  upper  Mersey ;  and  the  state  of 
the  channels  in  the  neck  is  determined  by  the  state  of  the  upper 
Mersey,  and  not  of  the  neck.  He  contends  on  the  ground  of  the 
improving  state  of  the  Victoria  Channel,  and,  notwithstanding  the 
dlsjdacement  by  the  docks  at  Liverpool,  that  operations  at  the 
neck  cannot  injure  the  Victoria  Channel.  Pluckington  Bank,  he 
affirms,  is  formed  by  the  set  of  tlie  current  on  the  irregularly- 
shaped  shore  of  Birkenhead.  By  sti-aightening  the  Birkenhead 
shore,  and  making  it  parallel  with  the  Liverpool  shore,  the  neck 
will  be  made  more  efficient,  the  tidal  body  passing  up  will  deepen 
it,  and  Pluckington  Bank  will  be  worn  down,  though  he  does  not 
say  it  will  sweep  it  away  altogether. 

Tills  is  really  a  summary  of  the  harbour  question;  and  we 
believe  we  have  put  it  with  sufficient  succintness  and  clearness 
to  enable  our  readers  to  exercise  their  judgments  upon  it. 

The  arguments  and  researches  of  Mr.  Rendel  in  support  of  his 
case  are  well  worthy  of  perusal,  for  they  exhibit  very  able  treat- 
ment and  high  powers  of  mind.  It  is  in  the  preservation  of  these 
that  the  ]iractical  value  of  Mr.  Webster's  book  consists;  and  it  is 
fortunate  that  the  editorship  fell  into  Mr.  Webster's  hands;  for 
as  it  is  chiefly  an  abstract  of  the  evidence,  a  mere  lawyer  would 
have  got  rid  of  the  practical  points,  and  the  book  would  not  have 
been  of  the  least  service  to  engineers,-^whereas  it  is  one  which 
will  be  usefully  added  to  the  library  of  every  member  of  the  pro- 
fession. 

The  formation  of  a  liarbour  at  Birkenhead  is  not  new  to  en- 
gineers, for,  in  1828,  Telford,  Stevenson,  and  Nimmo  were  em- 
ployed on  a  plan  by  Mr.  Laird,  sen.,  and  Sir  John  Tobin,  and  re- 
commended the  formation  of  a  canal  from  Wallasey  Pool  to  the 
Dee  at  Hilbree  island,  near  its  mouth,  so  as  to  get  another  access 
to  the  sea.  This  is  a  resource  which  Birkenhead  still  has,  and 
which  with  its  progress  it  will  avail  itself,  but  which  will  not 
checkmate  Liverpoid.  Liverpool  has,  by  the  plan  proposed  for  an 
out-harbour  at  Formby  Point,  a  cheap  means  of  providing  more 
efficiently  for  all  that  could  be  done  by  a  new  sea  outlet  to  Bir- 
kenhead. Formby  Harbour  could  be  made  cheaply;  while  two 
short  cuts  to  the  Leeds  and  Liverpool  Canal,  and  to  the  Liverpool 
and  6outh])ort  Railway,  would  allow  of  goods  being  carried 
cheaply  and  quickly  into  the  Liverpool  docks;  and  for  steam  traffic, 
Formliy  Harbour  would  beat  the  Hilbree  Canal.  Mr.  Rendel'splan 
may  be  considered  as  novel  in  its  whole  arrangements  and  treat- 
ment. Mr.  Telford  in  looking  at  the  Mersey  is  reported  to  have 
said  :  "  Tliey  have  built  Liverpool  on  the  wrong  side  of  the  river." 
We  shall  now  take  some  stray  gleanings  from  Mr.  Webster's 
book.  Lieut.  Walker,  R.N.,  says  that  Pluckington  Bank  is  caused 
by  two  opposing  tides  or  eddies  from  Wallasey  Pool  meeting  and 
causing  tlie  silt  held  in  suspension  to  deposit  itself.  The 
straightening  of  the  Birkenhead  shore  would  remedy  this. 

Birkenhead,  we  may  note,  besides  being  the  deep-water  side, 
has  the  advantage  of  being  the  weather-side  ;  while  the  docks  on 


the  Liverpool  side,  most  exposed  to  the  waves  breaking  over  the 
sand-banks,  are  the  most  liable  to  silt  up. 

The  area  of  the  float  at  a  high  tide  is  208  acres,  the  frontage  4^ 
miles.  In  the  dam,  .Mr.  Rendel  proposes  a  pair  of  tide-gates  of  70 
feet  o])eiiing,  the  level  of  their  sills  being  the  same  as  tliat  of  the 
Prince's  dock,  at  Li\'eriJool.  This  float  would  allow  steam-tugs  t») 
enter,  which  is  not  the  case  at  Liverpool.  Mr.  Rendel  calculates 
on  the  movement  of  the  steamers  likewise  in  keeping  his  channels 
clear.  Besides  the  tide-gates  of  the  great  float,  Mr.  Renilel  pro- 
poses a  lock  of  50  feet  wide  and  200  feet  long,  which  could  be 
worked  during  ten  hours  out  of  every  twelve,  in  a  spring  tide,  for 
vessels  drawing  17  feet  water. 

We  shall  give  in  Mr.  Rendel's  own  words  his  plan  of  sluicing: — 

"  It  is  proposed  to  run  down  daily  any  quantity  of  water  between  the 
level  of  the  tide  of  the  day  and  that  which  may  be  considered  best  as  the 
permanent  level  of  the  water:  so  tliat,  supposing  the  water  were  retained  at 
a  permanent  level  of  thirteen  feet  above  the  old  dock  datum,  ihe  average 
high-water  of  spring  tiiles  being  IS  ft.  3  in.  above  that  level,  there  would 
be  5  ft.  3  in.,  the  difference  between  the  permanent  level  and  the  tide  of  the 
day.  The  running  off  the  water  is  a  very  important  feature  in  the  plan: 
the  idea  is  to  make  sluices,  or  apertures,  under  the  great  gates  and  the  tide- 
gates,  passing  out  near  the  level  of  the  bottom  of  the  great  basin,  ami  con- 
sequently under  the  whole  of  the  gates.  The  openings  for  the  discharge  of 
the  water  will  be  between  the  bottom  of  the  basin  and  the  level  of  the  sills  of 
the  tide-gates  and  of  the  locks,  as  low  as  we  can  conveniently  get  them  ;  say 
for  argument  sake,  ten  feet  below  the  level  of  low  water  of  average  spring 
tides.  The  sluices  will  be  so  formed  as  to  be  five  feet  square  at  tlie  top  on 
the  inside,  and  they  will  be  gradually  widened  in  horizontal  dimensions,  so 
as  to  produce  a  kind  of  sheet  of  water  within  two  feet  of  the  bottom  of 
the  great  basin,  and  inasmuch  as  the  separating  piers  of  those  apertures 
will  only  be  at  the  point  of  outfall  about  two  feet  thick,  the  effect  will  be 
to  have  one  wide  sheet  of  water  of  the  width  of  the  basin  ;  the  consequence 
of  that  is,  that  we  shall  be  able  to  operate  upon  the  bottom  of  the  basin,  not 
in  the  usual  way  of  a  large  bore  of  water  tearing  up  everything  before  it, 
but  a  sheet  of  water  which  we  can  regulate  to  any  degree  of  force  which 
we  like,  by  the  sluices  on  the  inside.  I  should  also  say  further,  that  we 
have  the  sluices  there,  because  they  will  operate  most  efficiently  upon  the 
straight  part  of  the  basin ;  we  propose  to  have  the  same  kind  of  sluices  be- 
tween the  little  dock  which  we  have  called  the  Bridge  End  Dock,  and 
the  arm  of  the  basin  running  up  to  it,  operating  in  the  same  way  precisely. 
I  wish  it  to  be  distinctly  understood,  that  we  do  not  propose  to  run  those 
sluices  in  the  ordinary  way  of  sluicing.  I  want  to  give  the  water,  which  is 
to  be  discharged  out  of  this  great  basin,  more  the  effect  of  a  river  passing 
through  with  a  gentle  current,  than  a  great  body  of  rushing  water,  and  I 
arrange  the  sluices  with  this  view.  It  is  also  manifest  that  a  basin  of  such 
capacity  as  this  basin,  will  have  lying  in  it  a  number  of  vessels,  say  of  from 
six  to  ten  feet  draught  of  water ;  those  very  vessels  will  be  the  means,  with 
a  gentle  current,  of  keeping  the  basin  clear  with  the  daily  operations  we 
shall  employ  in  running  off  this  water. 

If  the  basin  were  unoccupied  the  effect  would  not  be  so  great  as  it  will 
be  the  basin  beinj^  occupied.  If  the  l>asin  were  formed  at  the  level  of  low 
water,  or  if  it  were  not  occupied,  the  effect  of  the  sluicing  would  not  be  so 
great  as  it  will  be  from  the  fact  that  vessels  are  floating  in  the  basin,  whe- 
ther in  large  quantities,  or  small ;  if  the  quantity  of  vessels  is  small,  I 
would  then  give  the  water  a  greater  current ;  if  it  is  large,  I  would  then 
give  it  a  gentler  current,  so  that  we  can  command  that  kind  of  current 
passing  under  those  vessels  from  their  being  afloat,  which  wUl  keep  the 
Ijottom  clear  of  the  daily  accretions. 

Also  we  can  run  off  the  water  at  those  periods  that  experience  will  dictate 
to  be  the  best.  We  are  not  bound  to  run  it  off  at  low  water,  or  any  par- 
ticular period  of  the  tide :  that  would  be  regulated  by  a  regard  to  all  the 
circumstances  of  the  case. 

I  know  from  considerable  experience,  that  many  harbours  are  kept  open 
entirely  by  the  vessels  lying  in  those  harbours  ;  the  river  is  forced  to  pass 
under  their  bottoms,  and  in  that  way  the  water  is  kept  at  a  proper  depth. 
I  believe  that  is  notorious." 

There  will  be  the  power  of  running  off  1,600,000  cubic  yards 
of  water  at  spring  tides,  which  will  be  available  for  scouring.  The 
most  available  water  for  scouring  now  passing  out  of  Wallasey 
Pool  is  1,390,000  cubic  yards;  that  is  to  say,  the  water  passing  off 
after  half-tide. 

Mr.  Rendel's  estimate  is,  for  cofferdams  and  other  temporary 
works,  £15,323  ;  excavations,  j£80,4.70;  masonry,  £198,513  ;  gates 
and  bridges,  £21,268  ;  draining,  £22,572;  land  and  contingencies, 
£53,379.     Total,  £391,908. 

The  peculiarity  of  Mr.  Rendel's  plan  is  the  damming- up  of  the 
upjier  Pool,  so  as  to  make  a  float.  Messrs.  Mawdesley  and  Smith 
had  proposed  simply  to  deepen  and  wall  the  Pool,  wliieh  was  sup- 
ported by  some  of  the  opposition  parties.  Mr.  Rendel  affirmed 
that  this  would  do  no  good,  but  leave  the  Pool  even  more  liable  to  fill 
up,  as  it  would  receive  the  water  at  an  earlier  time  of  the  tids, 
when  charged  with  a  larger  quantity  of  matter. 

Mr.   Rendel's   researches    on  the   tidal   actions  of  the  Mersey 
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were  very  minute  ;  but  to  be  fully  understood  require  the  expla- 
natory maps  and  sections  accompanying  Mr.  Webster's  book.     We 
shall,   howe\er,    attempt     to   give  an   abstract   of    Mr.    Rendel' 
evidence  in  the  House  of  Lords : — 

"  The  estuary  of  the  Dee,  and  the  estuary  of  the  Mersey,  and  the  character 
of  the  two  rivers  are  manifestly  wholly  different — their  forms  are  different. 
They  are  ditferent  in  this  respect ;  the  Dee  is  for  the  whole  extent  of  it  a 
shallow  estuary  ;  the  Mersey,  from  the  contraction  at  its  mouth,  has  an  ex- 
ceedingly deep  channel  opposite  Liverpool,  containing  an  enormous  mass  of 
water,  but  immediately  that  it  widens  out  in  the  same  form  as  the  Dee,  it 
loses  its  depth  and  becomes  a  shallow  estuary ;  therefore,  suppose  the  tide 
to  come  up,  as  I  describe  it  with  reference  to  the  large  chart,  as  at  present 
— and  nothing  in  our  works  can  prevent  that,  for  the  worlis  are  within  the 
gorge — it  conies  up  in  a  large  body,  presenting  to  all  intents  and  purposes, 
the  head  of  a  werlge,  and  it  gradually  tapers  out,  losing  its  solid  and  com- 
pact form  as  it  advances  up  the  estuary.  It  is  manifest  that  if  we  can  make 
that  wedge  into  a  uniform  column,  as  we  shall  do  by  these  works,  we  shall 
perfect  the  efficiency  of  the  channel  after  these  works  are  made  ;  the  part 
outside  Seaconibe  is  perfectly  untouched  ;  we  do  nothing  to  that.  Then, 
in  order  to  ascertain  precisely  the  whole  economy  of  this  tidal  action  in  the 
estuary,  and  to  satisfy  my  own  mind,  and  in  order  to  give  evidence  before 
jour  Lordships,  I  had  tidal  observations  taken  at  Formby,  which  is,  in  fact, 
the  headland  on  the  Lancashire  shore ;  observations  were  siuiul'.aneously 
taken  at  Prince's  dock,  \\hich  is  the  narrow  part  of  the  gorge  of  the  estuary ; 
also  at  New  Brighton,  Fiddler's  Ferry,  and  Warrington  Bridge,  so  that  I 
have  been  able  to  trace  the  relative  heights  and  the  relative  times  of  high 
water  of  the  same  tides  at  all  those  points,  and  I  have  done  it  at  spring 
and  at  neap  tides.  The  results  I  will  give  from  the  diagrams  I  have 
before  me. 

The  width  of  the  river  at  Egremont — the  point  which  corresponds  with 
the  north  end  of  the  Liverpool  docks — at  high  water,  is  4,030  feet;  the 
sectional  area  of  the  channel  at  that  point  at  high  water  spring  tides  is 
236,449  square  feet.  At  Seacombe,  only  3,000  feet  within  that  point,  the 
width  is  reduced  to  3,000  feet,  and  the  sectional  area  to  184,622  feet ;  it  is 
altogether  a  gorge  at  that  point ;  it  is  completely  the  gorge  of  the  estuary, 
which  has  been  defined  by  the  works  of  the  dock  trustees  on  the  one  side 
and  the  natural  rock  of  Seacombe  on  the  other.  At  Wallasey  Pool  the 
width  is  6,040,  it  will  be  reiluced  by  building  the  wall  to  assimilate  with 
the  other  sections,  namely  to  3,350  feet.  At  Woodside  pier,  the  width  is 
3,500  feet,  therefore  the  tftect  of  the  wall  is  to  make  the  shores  parallel, 
and  consequently  to  takeoff  this  great  width  which  Wallasey  Pool  occasions. 
That  wall,  when  made,  v\ill  in  my  opinion,  improve  the  channel  and  course 
of  the  river ;  it  will  directly  accomplish  that  object,  and  one  immediate 
result  likely  to  follow  is  the  taking  away  of  Pluckington  Bank  formed  by 
the  tide  setting  into  Wallasey  Pool  and  occasioning  an  eddy.  The  consequent 
good  effect  will  be,  that  the  quantity  of  water  at  the  least,  if  not  more, 
which  now  goes  into  Wallasey  Pool,  would  go  up  into  the  estuary,  and  by 
going  up  into  the  estuary  it  must  necessarily  be  of  greatly  more  value  to  the 
maintenance  of  the  estuary  and  the  scouring  power  of  the  river  than 
passing  into  the  pool.  There  will  be  nearly  300  feet  greater  width  opposite 
our  works  than  at  Seacombe.  The  minimum  section  of  the  river  being  at 
Seacombe,  the  next  smallest  section  is  at  Woodside,  and  the  next  at 
Tranmere.  The  sections  at  Seacombe  and  Woodside  will  continue  the 
smallest  sections  after  the  works  are  completed.  If  Pluckington  Bank  be 
swept  away,  it  will  make  a  difference  greatly  in  favour  of  the  narrows  as 
they  exist  at  present ;  it  will  make  a  larger  section,  and  improve  the  estuary 
above.  After  Tranmere,  the  estuary  becomes  very  wide;  after  you  get 
above  the  bulb  the  bottle  commences. 

This  section  is  the  profile  of  the  river  ;  it  is  on  an  exaggerated  scale  as  to 
height  compared  with  length.  Here  is  the  Victoria  Car,  then  the  Crosby 
Channel  fall  into  this  enormous  cavity  ;  here  we  have  Seacombe,  which  is 
the  narrowest  part  of  the  river ;  the  bed  rises  up  again  opposite  Gaiston  to 
the  level  of  low  water.  The  river  has  excavated  for  itself  within  these 
narrows,  within  which  it  has  been  confined,  a  channel  quite  down  to  the  rock 
in  this  particular  place.  The  greatest  depth  at  Egremont  at  low  water 
spring  tides  is  67  feet.  The  greatest  depth  at  Seacombe,  which  is  deter- 
mined by  the  rock,  for  it  is  scoured  down  to  the  rock,  is  52  feet;  the 
greatest  depth  opposite  Wallasey  Pool  is  62  feet ;  opposite  Woodside  the 
greatest  depth  is  64  ft.  7  in.,  this  is  at  low  water  spring  tides.  At  Tran- 
mere, we  get  61  ft.  4  in.  according  to  our  soundings.  It  would  appear  that 
except  in  hollows  in  the  rocks  the  sand  has  been  scoured  down  to  the  rock, 
but  as  the  current  passes  in  and  becomes  impaired  in  efficiency  by  those  hol- 
lows or  irregularities  on  the  shore,  there  are  parts  where  banks  have  begun 
to  accumulate,  and  it  is  only  in  certain  parts  that  we  can  detect  rocks  by  the 
plummet.  The  Mersey  presents  the  character  of  a  deep  narrow  channel 
supplying  the  estuary  above ;  it  presents  tne  character  of  a  narrow  artificial 
gorge  supplying  a  shallow  e.\tensive  estuary. 

According  to  the  observations  I  have  made  there  can  be  no  doubt  that  the 
supply  of  water  into  the  estuary  above,  depends  upon  the  momentum 
generated  in  those  narrows.  The  bulb  at  Wallasey  Pool  detracts  from  the 
momentum.  The  straightening  the  wall  in  the  manner  described  would  im- 
prove the  current  and  increase  the  momentum,  inasmuch  as  the  present  ir- 
regular shores  make  irregular  currents;  those  irregular  currents  act  upon 
each  other  and  impair  the  general  effect.  If  they  can  be  made  direct  they 
are  made  more  efficient,  and  consequently  they  will  send  a  larger  body  of 


water  up  into  the  estuary,  or  at  all  events  they  will  send  that  water  up  into 
the  estuary  which  now  runs  into  Wallasey  Pool.  1  am  as  great  an  enemy  as 
any  one  to  the  general  question  of  abstracting  water  from  estuaries,  but 
there  is  pecuHarity  in  this  case  which  takes  it  out  of  the  general  class  of 
causes  of  the  abstraction  of  water  from  estuaries. 

To  ascertain  the  strength  of  the  currents,  I  had  accurate  observations 
(with  watches  adjusted)  at  Egremont,  Seacombe,  Wallasey,  Woodside,  and 
Tranmere,  and  having  a  fleet  of  boats  and  a  steamer  to  attend  us,  we  put 
down  floats,  so  far  submerged  that  the  wind  could  have  no  effect  upon 
them,  in  the  centre  of  the  stream  and  on  either  side,  far  enough  from  the 
shore  to  feel  the  strength  of  the  current,  and  the  floats  were  observed  as 
they  passed  each  of  the  lines  of  the  sections  at  the  above  places.  The 
distances  were  great  enough  to  give  as  accurate  a  result  as  could  be  ob- 
tained by  any  experiment  of  the  kind,  none  of  them  being  less  than  2,600 
feet,  and  the  greater  part  from  that  to  3,000.  The  mean  velocity  of  the 
tide  upon  the  flood  from  Egremont  to  Seacombe  was  6173  feet  per  second, 
from  Seacombe  to  Wallasey  it  was  7'211  feet  per  second;  which  expresses 
this,  that  the  tide  heaps  up  on  the  seaward  side  at  Seacombe  Point  faster 
than  that  section  can  pass  it  through,  so  that  it  runs  faster  to  relieve  itself 
on  the  inside  cf  the  Seacombe  Point  than  it  does  from  Egremont  to  Sea- 
combe. You  have  that  increased  velocity  by  the  increased  head  outside 
Seacombe.  From  that  section  to  the  section  at  Woodside,  the  velocity  is 
reduced  to  5'891  feet  per  second.  That  arises  from  the  current  being  im- 
paired by  passing  into  the  bulb  ;  it  has,  in  fact,  the  efTect  of  cross  currents 
and  eddies,  as  1  have  described.  From  Woodside  to  Tranmere  the  velocity 
is  5-33  feet  per  second.  The  ebbs  are  the  very  reverse.  It  will  be  observed 
that  on  the  flood  the  tide  was  strongest  from  Seacombe  to  Wallasey  Pool; 
upon  the  ebb,  the  strongest  current  is  from  Seacombe  to  Egremont ;  there 
the  velocity  of  the  ebb  tide  was  6';03  feet  per  second  ;  the  velocity  of  the 
ebb  from  Wallasey  to  Seacombe  was  6'139,  and  from  Woodside  to  Wallasey 
5-49.  These  are  ordinary  spring  tides.  Tlie  velocity  of  the  ebb  from  Tran- 
mere to  Woodside  was  5-54  feet  per  second,  which  proves  that  the  water  is 
heaped  up  by  the  tide  at  Seacombe  Point  faster  than  it  is  vented  ;  anything 
\\hich  can  be  done  to  improve  the  channel  of  the  estuary  between  those 
narrows  and  the  upper  narrows  must  necessarily  tend  to  vent  that  quantity 
of  water  with  greater  facility.  Those  were  the  results  of  actual  observation, 
the  theoretical  results  on  a  comparison  of  the  sectious  agreeing  with  them 
as  nearly  as  can  be  expected. 

The  object  of  these  tidal  sections  is  to  show  how  the  tides  flowed  on  the 
days  of  observation.  At  the  time  stated  it  was  high  water  at  Formby, 
which  is  quite  at  the  mouth  of  the  estuary.  At  the  same  time,  if  you  carry 
on  your  eye  to  the  Prince's  dock  you  find  that  the  tide  is  heaping  up, 
actually  rising  up,  at  the  Prince's  dock.  Then  if  you  go  on  to  EUesmere 
Port,  you  find  that  the  tide  is  still  rising;  although  at  the  time  it  is  rising 
there  it  has  fallen  at  sea;  and  so,  all  the  way  on  to  Uuiicorn  and  Fiddler's 
Ferry ;  and  you  get  the  profile  at  all  the  points  by  the  diflerent  lines  laid 
down  here,  which  in  words  is  this :  that  inasmuch  as  the  tide  had  by  flowing 
into  the  estuary  .attained  a  velocity  in  passing  through  these  narrows  at 
Liverpool,  its  own  acquired  velocity  or  momentum  carried  it  forward,  and 
heaped  it  up  in  the  estuary  according  to  all  these  lines,  for  it  would  be  im- 
possible if  that  were  not  the  case  to  account  for  the  fact,  that  the  tide  does 
so  rise;  and  it  is  just  this — 1  will  suppose  the  fluid  to  be  a  solid  ;  if  a  solid 
has  acquired  a  given  velocity,  we  know  perfectly  well  in  mechanics  that 
unless  some  force  interposes  to  stop  the  velocity  of  the  body  it  will  be 
carried  on  ;  and  it  is  precisely  so  in  this  case,  the  water  flows  on  by  the  im- 
pulse that  it  has  received  at  that  narrow  gorge,  and  it  rises  above  its  level. 
If  the  elevation  were  due  to  nothing  more  than  statical  pressure,  which  is 
merely  the  pressure  of  the  head  without  the  velocity,  it  would  terminate 
its  course,  for  there  is  no  law  of  nature  to  make  it  go  further.  What 
would  be  the  state  of  things  in  an  estuary  like  the  Dee,  would  be  deter- 
mined by  the  form  of  the  shore  and  other  questions,  but  here  you  have  the 
peculiarity  so  strongly  marked,  that  you  cannot  mistake  the  cause.  The 
effect  there  would  be,  that  as  the  mouth  of  theDee  is  wider  than  its  head,  it 
would  receive  a  larger  wave  than  would  be  due  to  the  upper  part  of  the 
Dee,  and,  therefore,  if  it  had  acquired  suflncient  velocity,  the  water  would 
accumulate  up  the  Dee  to  a  certain  extent ;  but  inasmuch  as  the  extent  to 
which  it  would  accumulate  is  due  to  the  velocity  of  the  stream,  it  could  not 
attain  the  same  head  in  the  upper  part  of  the  Dee  as  it  does  in  the  Mersey; 
it  depends  on  the  velocity.  1  should  say  this,  that  inasmuch  as  the  profile 
represented  is  that  which  is  due  to  the  statical  pressure  (which  is  no- 
thing more  than  liead  without  force  or  velocity) ;  all  that  is  above  that 
must  be  due  to  impetus  :  for  we  see  here  in  the  Mersey  what  we  see  in 
every  river,  and  what  we  see  in  the  Dee  :  instead  of  the  narrow  part  being 
at  the  top,  the  narrow  part  in  the  Mersey  is  at  the  mouth  ;  therefore,  so  far 
as  is  due  to  momentum,  if  you  could  make  the  Mersey  and  the  Dee  at  all 
agree,  it  would  follow,  that  you  would  in  the  Dee  have  an  enormous  heaping 
up  compared  with  what  you  have  in  the  Mersey.  If  you  could  by  any  pos- 
sibility give  to  the  water  entering  the  Dee  the  same  velocity  as  the  water 
entering  the  Mersey,  keeping  the  section  the  same,  it  would  heap  up  here 
quite  in  the  same  way  as  it  does  in  the  Severn  ;  but  it  cannot  have  that 
velocity,  because  there  is  not  the  same  cause  to  excite  it,  namely,  the  con- 
traction. 

For  determining  how  much  the  tide  has  risen  up  the  estuary  above  its 
level  at  the  gorge,  1  lake  the  level  at  Prince's  Basin,  which  is  in  the  gorge. 
I  will  take  the  tide  on  the  1st  of  June,  which  was  a  spring  tide.  Suppose 
we  start  with  the  tide  at  high  water  at  Prince's  dock,  which  is  in  the  gorge 
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at  Livcrpnnl,  it  nould  lie  1  ft.  1  in.  liiglier  at  high  water  at  EUesmere  Port,  aii<l 
lifteeii  minutes  later  in  arrivine  at  that  point;  1  ft.  10  in.  higher  at  Runcorn, 
an<l  would  be  thirtv-five  minutes  later  than  at  Liverpool  ;  it  would  be  1  ft. 
U  in.  higher  at  Fiddler's  Ferrv.  one  hour  after  it  was  high  water  at  Liverpool ; 
it  would  be  2  ft.  3  in.  hiEher'at  Warrington  bridge,  1  hour  25  minutes  after 
it  was  high  water  at  Liverpool.  Without  going  through  the  details  of  each 
observation,  the  mean  of  three  sprinci  tides  was  1  ft.  1  in.  higher  at  EUesmere, 
1  ft.  10  in.  at  Runcorn,  1  ft.  8  in.  at  Fiddler's  Ferry, 2  ft.  3  in.  at  Warrington. 
On  the  mean  of  the  three  neap  tides,  of  the  8th,  9th,  and  10th  of  June, 
there  was  still  an  elevation,  hut  it  was  reduced  on  account  of  the  stream  not 
heing  so  strong  at  the  gorge,  to  .5  inches  at  EUesmere  Port,  11  inches  at 
Itiincnrn,  10  inches  at  Fiddler's  Ferry,  and  only  9  inches  at  Warrington  ; 
these  differences  are  due  to  the  differences  of  the  neap  and  spring  tides,  or 
in  other  words,  the  differences  of  the  velocities  through  the  gorge  are  as 
8  inches  at  EUesmere  Port,  11  inches  at  Runcorn,  10  inches  at  Fiddler's 
Ferry,  1  ft.  G  in.  at  Warrington  ;  and  it  folU.ws,  that  anything  that  would 
strengthen  the  velocity  through  tlie  gorge  at  neaps,  would  necessarily  tend 
to  make  the  approximation  nearer  between  the  elevations  at  those  different 
places  at  neap  tides,  as  compared  with  springs. 

The  diflerence  in  the  quantity  of  water  which  passes  up  the  estuary  at 
springs  and  neaps,  I  have  taken  from  Captain  Denham's  survey  ;  and  if  you 
could  get  the  water  at  neap  tides  to  stand  at  all  ttiose  diiferenl  points  with 
the  same  differences  above  the  Prince's  dock  as  it  does  at  springs,  you  would 
pet  an  increased  quantity  of  water  (18,000,000  or  20,000,000  of  yards)  up 
the  estuary;  any  increase  of  the  momentum  in  the  gorge  would  tend  to  in- 
crease the'quantity  going  up.  The  observations  led  me  to  that  conclusion, 
and  I  come  to  no  otlier  from  the  phenomena;  at  all  events  I  am  perfectly 
convinced  that  all  the  water  that  now  passes  into  Wallasey  Pool,  would  go 
up  into  the  estuary.  It  is  a  mathematical  question  which  I  am  not  going  to 
touch,  whether  more  would  go  up;  but  philosophers  have  endeavoured  to 
show,  that  a  bulb  upon  a  pipe  (all  other  things  being  equal)  would  prevent 
the  same  quantity  of  water  being  discharged  as  would  be  discharged  in  the 
same  time  if  the  pipe  were  parallel,  and  this  is  a  similar  case,  but  I  am  not 
going  into  that  question." 

Rrindnm  Hints  on  Railways  and  Railway  Legislation.  By  Alex- 
ANDKR  DouLi.,  C.E.,  Assoc.  Inst.  C.E.     London  :  Weale,  184.8. 

Tliis  is  a  timely  warning  against  the  hill  of  the  Railway  Commis- 
sioners, particularly  addressed  to  the  engineering  profession.  It 
is  so  clear  and  practical,  that  we  hope  it  will  not  be  without  its 
))roper  effect;  at  any  rate,  Mr.  DouU  deserves  the  warmest  thanks 
for  this  exposure  of  the  mischievous  measures  of  the  commis- 
sioners. 

After  showing  the  inconsistencies  of  the  standing  orders,  and 
explainintr  the  process  adopted  in  preparing  a  line  of  railway  for 
parliamentary  examination,  Mr.  DouU  goes  on  to  analyse  the 
.amended  hill.  The  chief  amendment  is  the  lowering  the  deposit 
by  way  of  security  from  £500  to  £'200  ;  but  which  for  a  line  of 
200  miles,  would  still  leave  the  enormous  sum  of  £40,000  in  the 
hands  of  the  Railway  Commissioners,  to  be  fooled  away  in  such 
manner  as  they  may'think  fit, — but  which,  at  all  events,  is  a  seri- 
ous impediment  in  the  way  of  all  new  lines  of  railway.  Mr.  DouU 
very  well  observes,  that  the  commissioners  are  quite  ready  enough 
to  do  work  for  the  money, — indeed,  the  vvay  in  which  they  make 
work  would  deserve  credit  for  its  ingenuity,  if  it  were  not  so  ob- 
jectionable from  its  decidedly  mischievous  tendency. 

As  is  very  well  known,  a  preliminary  survey,  often  extending 
over  miles  in  breadth,  is  necessary  to  select  the  line  which  is  to  be 
surveyed  in  detail.  No  provision,  howe\er,  seems  to  be  made  for 
this,  or  the  bill  is  inconsistent  with  its  performance.  Most  proba- 
bly, Colonel  Brandreth  and  Sir  Edward  Ryan  are  unaware  how  the 
survey  of  a  railwiiy  is  carried  out.  Tiie  fourth  clause  of  the  bill 
requires  that  "  the  promoters  of  any  proposed  railway  shall  apply 
to  the  commissioners  for  authority  to  make  the  surveys  necessary 
to  enable  them  to  determine  the  line  and  level  of  such  railway," 
&c. ;  but  the  fifth  clause  requires  that  "  ten  clear  days  at  the  least 
before  making  such  application,  the  said  promoters  shall  give 
notice  by  advertisements,  each  in  the  same  words  and  form,  in  the 
London  Gazette  and  in  some  newspaper  published  or  circulating  in 
each  county  through  which  the  railway  is  proposed  to  pass,  such 
intended  application  specifying  the  course  of  the  line  of  such  rail- 
way,"  ^c. 

Of  course  this  cannot  be  done  without  a  preliminary  survey,  and 
how  is  this  to  be  effected  ten  clear  days  before  the  engineer  can 
apply  to  the  commissioners  for  leave  to  go  over  the  ground  ? 

Again,  if  this  notice  and  this  permission  be  as  a  protection  to 
the  occupiers,  it  is  difficult  to  conceive  how  a  notice  is  to  be  framed 
to  cover  the  wide  extent  of  country  over  which  it  is  necessary  for 
the  engineer  to  go,  if  he  is  to  choose  the  best  line  of  railway. 

It  is  evident  to  all  practical  men  that  a  very  large  expense  must 
be  incurred  for  advertising  voluminous  notices  (drawn  uj)  liy  law- 
yers) in  the   Lomlun  Gazette  and  a  number  of  country  newspapers. 


It  will  be  worth  the  while  of  the  enterprising  proprietor  of  the 
Snrrey  Times  to  publish  it  all  the  year  round,  instead  of  bringing 
it  out  as  now  for  the  occasion  of  the  advertisements  of  intended 
applications  to  parliament  for  rail-.vay  bills.. 

Mr.  DouU  thinks  from  the  sixth  clause  that  the  permission  to 
snrvey  only  extends  to  the  very  lands  through  which  the  proposed 
line  of  railway  is  to  pass.  If  so,  a  large  sum  of  money  has  to  be 
paid  down,  much  time  has  to  he  wasted,  and  a  cumbrous  process  to 
be  gone  through,  for  a  permission  which  is  worth  very  little. 

The  tenth  clause,  regulating  the  return  of  any  remaining  portion 
of  the  £200,  provides  that  "  one  month  after  the  bill  for  giving 
power  to  make  the  railway,  in  respect  of  which  such  deposit  was 
made,  shall  have  passed  or  been  thrown  out  or  withdrawn  by  leave 
of  either  House  of  Parliament,  the  commissioners  shall  by  a  draft 
or  cheque  signed  by  two  of  the  commissioners  order  the  balance 
standing  to  their  (the  depositors)  account,  in  respect  of  such  de- 
posit, to  he  paid  to  the  i)romoters  by  whom  the  deposit  was  made." 
— Mr.  DouU  observes,  that  the  framers  of  the  hill  do  not  appear  to 
have  contemplated  the  return  of  any  portion  of  the  deposit  to 
those  promoters  who  may  not  advance  so  far  as  the  threshold  of 
the  legislature.  AVe  may  add,  that  there  is  an  opening  for  litiga- 
tion, in  case  of  any  dispute  among  the  promoters  of  a  new  com- 
pany, such  as  has  hajjpened  before,  and  snch  as  may  happen  again, 
under  the  auspices  of  Mr.  Spackman  and  others.  If  Mr.  Spack- 
man  should  give  notice  to  the  commissioners  not  to  return  the 
remaining  deposit  to  the  committee  of  the  railway  company,  the 
commissioners  may  be  very  well  disposed  to  act  upon  the  hint,  and 
wait  for  the  direction  of  a  court  of  law. 

The  thirteenth  clause  provides  that  "before  the  said  promoters, 
or  any  of  their  officers  enter  upon  any  lands  to  survey  the  same, 
or  to  mark  out  the  line  of  their  proposed  railway,  as  hereinafttr 
mentioned,  they  shall  give  to  the  occupying  tenant  thereof  not  less 
than  two  nor  more  than  seven  days'  notice  in  writing  of  their  in- 
tention to  enter  and  survey  the  lands."  The  object  of  giving  not 
less  than  two  days'  notice  explains  itself,  but  the  restriction  as  to 
not  giving  more  than  seven  days'  notice  must  often  be  most  incon- 
venient to  surveyors  and  engineers,  for  within  seven  days  many 
circumstances  may  occur  to  delay  the  survey,  while  no  inconveni- 
ence can  accrue  to  the  occu]iying  tenant  from  any  length  of  notice. 
Under  this  clause,  it  might  frequently  become  necessary  to  serve  a 
fresh  notice,  the  finst  seven  days'  notice  having  expired. 

Mr.  DouU  contends,  and  with  justice,  that  the  number  of  occu- 
piers who  would  require  to  be  noticed  previously  to  commencing 
the  survey  or  levels,  would  be  considerably  more  than  tlie  number 
at  present  necessarily  iiK-luded  in  a  railway  book  of  reference,  even 
supposing  the  survey  to  extend  only  to  the  usual  breadth  of  20  or 
30  chains.  It  would  therefore  be  necessary  to  get  up  a  reference- 
book  before  commenoiug  the  survey  ;  and  this  would  be  attended 
with  very  great  expense,  besides  the  risk  of  some  occupier  being 
left  without  a  reference. 

The  fourteenth  clause  is  in  keeping  with  the  rest.  It  enacts, 
that  "  the  said  jiromoters  shall  mark  out  the  line  of  the  propose  1 
railway  by  means  of  stakes  fixed  in  the  ground  not  more  than  thirty 
yards  apart,  and  in  such  manner  as  clearly  to  point  out  the  pro- 
posed line  of  such  railway  ;  and  they  shall  put  up  posts  along  the 
line,  so  marked  out  at  convenient  distances  for  the  purpose  of 
showing  the  level  of  such  line,  and  shall  mark  on  such  posts  in 
legible  characters  the  number  of  feet  and  inches  at  which  the 
rails  are  proposed  to  be  laid  above  or  below  the  surface  of  the 
ground." 

Our  readers  will  agree  with  Mr.  DouU,  that  staking  out  a  line 
of  railway,  and  exhibiting  the  levels  in  feet  and  inches  along  the 
line,  is  a  very  difficult  and  complex  operation.  He  estimates  that 
it  would  double  the  expense  of  preparing  parliamentary  plans  and 
sections.  A  higher  class  of  surveyors  would  have  to  be  employed, 
and  a  number  of  devices  must  be  resorted  to  and  superior  instru- 
ments used  to  stake  <iut  curves  of  given  radii  with  accuracy,  in  the 
face  of  the  numerous  obstacles  to  he  encountered,  and  of  the 
variety  of  circumstances  to  be  met  with,  on  an  extended  survey. 

As  more  damage  must  he  done  by  staking  out  the  line  than  by 
an  ordinary  survey,  another  ch.arge  will  he  imposed  on  the  compa- 
nies, and  further  claims  for  compensation  be  given  to  the  land- 
owners and  occupiers. 

A  new  set  of  parties  must  be  employed  in  painting  the  leveU 
posts. 

What  good  is  to  be  got  from  stating,  in  "inches,"  a  level  which 

will  differ  whether  the  land  be  (iloughed  or  unploughed,  whether  it 

he  trenched   or  in  grass,  we  do  not  profess  to  see.     It  can  only 

cause  a  serious  expense  without  answering  any  useful  purpose. 

At  present,  staking  out  is  delayed  to  the  period  when  it  can  be 


1848. 1 


THE  CIVIL  ENGINEER  AND  ARCHITECT'S  JOURNAL. 


73 


undertaken  for  a  purpose  of  practical  utility,  and  when  it  can  be 
conveniently  performed. 

As  landowners  and  occupiers  can  now  refer  to  the  plans  without 
having  the  line  staked  out,  and  as  engineers  can  check  the  levels 
of  ri\al  lines  from  those  plans,  going  over  the  ground  with  the 
plans  in  their  hands,  it  does  seem  very  hard  upon  the  companies 
tliat  they  should  incur  such  ex])ense  for  the  officers  of  Royal 
Engineers,  who  are  to  be  employed  to  inspect  the  line.  In  fact,  if 
such  parties  cannot  go  over  the  ground  without  having  the  line 
staked  out,  they  must  be  utterly  incompetent  for  the  discharge  of 
tlie  duties  properly  belonging  to  their  own  profession,  and  to  the 
performance  of  which  it  is  desirable  they  should  be  restricted.  It 
will  be  open  to  a  factious  opposition  to  cavil  about  every  one  of  the 
posts  ;  and  the  military  engineers  and  the  whole  party  may  be  em- 
l>loyed  in  ascertaining  that  the  post  is  wrong  by  two  inches  above 
or  below  the  line. 

Clause  21  provides  that  the  plans  are  to  be  deposited  and  in- 
spected. The  inspector,  who  knows  as  much  aboiit  civil  affairs  as 
he  does  about  civil  engineering,  is  to  hold  courts  along  the  line  of 
the  proposed  railway  "  for  the  purpose  of  receiving  information  or 
suggestions  from  any  persons  interested  in  such  proposed  railway, 
either  as  the  promoters  thereof,  or  as  the  owners  and  occupiers  of 
lands  on  or  near  to  such  line  or  otherwise,"  A  very  chea])  way  of 
mmoying  the  companies  and  putting  them  to  expense,  will  be  by 
tlie  landowners  and  farmers  attending  the  inspector's  court,  and 
occupying  the  time  of  the  staff  by  raising  all  kinds  of  objections. 

The  twenty-fourth  clause  is  an  ambiguous  one,  giving  the  com- 
missioners power  to  allow  the  promoters  to  amend  their  plans  after 
inspection. 

Clause  25  provides  that  a  second  deposit  is  to  be  made ;  and  this 
is  followed  by  another  ambiguous  and  inconsistent  clause. 

Mr.  DouU  thinks  that  Clause  32  contemplates  a  second  inspec- 
tion of  the  line  of  railway. 

It  behoves  engineers  to  be  on  their  guard  against  this  most 
tyrannical,  mischievous,  and  vexatious  measure,  which  will  place 
them  under  the  inspection  of  their  inferiors,  the  military  engineers, 
in  every  operation  of  a  survey ;  and  they  are  to  be  subjected  to  the 
judgment  of  these  latter,  whether  a  level  be  rightly  taken  or  a 
curve  properly  laid  out. 

It  will  be  seen  that  this  bill  subjects  railway  projectors  to  the 
following  new  extent  of  unprofitable  expenditure  : — 

The  depositing  of  £200  per  mile  with  the  Railway  Commission- 
ers. 

The  advertising  of  the  intention  to  survey. 

The  preparing  a  reference  book  for  the  survey,  and  the  serving 
of  the  notices  on  the  occu])iers. 

Staking  out  the  line,  marking  the  levels  in  feet  and  "  inches," 
and  setting  out  the  curves 

Making  two  deposits  of  the  plans. 

Preparing  amended  plans. 

Attending  the  inspector  in  his  inspection  of  the  line  as  staked 
out ;  and  fighting  for  the  accuracy  of  the  line,  and  against  the 
objections  of  the  local  parties. 

After  all  this  has  been  done,  the  old  preparations  for  encounter- 
ing the  ordeal  of  standing  orders  have  to  be  made ;  for  the  new 
regulation  of  the  Commons,  providing  for  notices  being  sent 
through  the  post  is  quite  inoperative,  as  service  has  to  be  proved, 
and  the  Lords  require  the  old  mode  of  service. 

Our  readers  will  agree  that  any  system  of  legislation  more  dis- 
graceful to  a  country  than  that  by  which  railway  companies  are 
harassed,  was  never  attempted  or  perpetrated. 

Ancient  and  Modem  Art,  Historical  and  Critical.  By  George 
Cleghorn,  Esq.  Second  Edition.  Blackwood,  Edinburgh  and 
Ltmdon,  1848. 

It  is  stated  that  the  object  of  this  work  is  to  present,  in  a  popu- 
lar form,  a  brief  sketch  of  ancient  and  modern  art ;  and  to  avoid 
the  faults  of  other  publications,  which  are  of  no  use  to  the  ordi- 
nary reader.  By  way  of  carrying  out  this  pledge,  the  two  volumes 
are  filled  with  long  passages  from  the  French  and  Italian,  and 
snatches  of  Greek  and  Latin,  which  are  not  likely  to  be  very  well 
understood  by  the  public,  which  are  not  needful  in  themselves, 
and  which  do  not  even  prove  the  learning  of  the  author.  As  to 
the  execution  of  the  work,  without  being  original,  it  is  loose 
and  unsatisfactory ;  there  is  a  hash  of  the  opinions  of  foreign 
writers  on  art,  and  the  only  novelty  is  the  criticism  of  the  author 
om  English  writers  and  reviewers.  It  especially  fails  in  giving  a 
clear  idea  of  any  one  work,  school,  or  style,  and  a  reader  taken 
from  the  public  would  acquire  the  smallest  amount  of  definite  in- 
formation from  its  pages.    It  is  a  very  difficult  task  to  give  an 


abridged  view  of  an  extensive  subject,  so  as  to  communicate 
exact  ideas  ;  indeed,  an  abridgement  requires  as  high  a  degree  of 
ability  as  an  extensive  work.  It  is  not  surprising,  therefore^  if  Mr. 
Cleghorn  should  utterly  fail  in  this  attempt.  As  from  some  petty 
provincial  feeling,  there  is  more  space  devoted  to  tlie  buildings, 
sculpture,  painting,  and  painters  of  Edinburgh  than  of  any  otlier 
place — indeed,  a  large  part  of  the  two  volumes — the  public  who 
buy  this  book  on  its  title,  will  have  no  more  reason  to  be  satisfied 
with  the  quantity  tlian  with  the  quality.  The  work  has  such 
small  merits,  that  we  should  not  feel  called  upon  to  notice  it,  if  it 
were  not  that  it  is  likely  to  be  taken  for  a  popular  %vork,  as  being 
a  second  edition  emanating  from  publishers  of  reputation. 

A  popular  manual  of  art  has  yet  to  be  written  and  is  much 
wanted  ;  but  it  must  convey  definite  information  and  descriptions 
suited  to  practical  men,  and  less  general  criticism  of  aitists  and 
works  unknown  to  the  public  and  not  jiarticula^ised.  Mr.  Cleg- 
horn's  account  of  the  Munich  school  is  the  best  that  he  has  given 
us,  but  it  is  (|uite  inadequate ;  while  a  proper  account  of  what  has 
been  done  and  is  doing  there  is  one  of  the  best  incentives  to  tlie 
encouragement  of  art  here. 

We  must  do  Mr.  Cleghorn  the  justice  to  say,  that  so  far  as  his 
abilities  go,  he  is  sincerely  desirous  of  promoting  the  interests  of 
art.  It  may  be  some  excuse  for  his  defects  that  the  present  work 
is  the  offshoot  of  a  pamphlet  in  favour  of  the  imitation  of  the 
Parthenon  on  the  Calton  Hill  at  Edinburgh,  under  the  name  of  a 
National  Monument  for  Scotland.  He  is,  therefore,  a  partisan  of 
pure  Greek  and  what  he  calls  idealism  ;  he  allows  of  Gothic ;  but 
seems  to  hanker  most  after  Italian.  If  it  were  not  for  the  meta- 
physical bent  which  effects  all  who  are  born  north  of  the  Tweed, 
and  leads  liim  into  the  discussions  about  idealism,  he  would  be 
catholic  in  his  artistic  predilections.  His  idealism  is,  however, 
more  confused  than  that  of  any  German,  because  he  is  attached  to 
the  study  of  nature  ;  and  while  holding  up  the  imitation  of  nature 
as  the  great  end  of  art,  he  cannot  make  out  how  to  reconcile  it 
with  idealism.  He  has  been  born  in  the  faith  of  idealism, — and 
though  his  convictions  are  starting  arguments  constantly  against 
his  faith,  and  though  his  practice  is  opposed  to  it,  yet  idealism  he 
persists  in  maintaining.  What  it  is  he  has  not  been  successful  in 
describing ;  in  one  place  it  seems  to  be  the  genius  and  imagination 
of  the  artist  which  constitute  idealism  :  but  this  again  does  not 
agree  with  statements  elsewhere.  The  late  Haydon,  although 
he  talked  very  much  about  it,  could  never  make  himself  understood. 
The  upshot  always  was  "  Nature  and  the  Elgin  marbles."  Mr. 
Cleghorn  is  strenuous  in  his  abuse  of  what  he  calls  the  sect  of  na- 
turalists, but  without  producing  any  arguments  except  in  their 
favour. 

He  seems  to  be  much  more  successful  in  reproducing  M.  Quatre- 
mere  de  Quincy's  definition  of  imitation.  This  is  a  fitting  intro- 
duction to  a  treatise  on  artistic  criticism.  Imitation  in  the  fine 
arts,  says  M.  de  Quincy,  is  the  production  of  the  likeness  of  a 
thing,  but  in  another  thing  which  becomes  its  image.  It  is  not  a 
reproduction  of  the  thing,  it  is  not  its  exact  likeness,  which  can 
only  be  the  result  of  a  reproduction  ;  but  it  is  ths  image  of  a  like- 
ness, to  be  animated  by  the  mind  of  the  observer.  Hence,  an  at- 
tempt at  illusion  fails  because  the  artist  takes  on  himself  to  per- 
form the  functions  of  the  spectator,  and  leaves  the  latter  little  or 
nothing  to  do.  The  originals  of  most  of  the  figures  of  Raffaelle, 
Rubens,  or  Murillo  would  produce  much  less  interest  than  the 
paintings  :  they  would  often  excite  the  reproach  of  being  ugly  or 
clumsy  women.  The  best  illustration  of  this  fundamental  princi- 
ple of  the  fine  arts,  but  one  which  Mr.  Cleghorn  has  not  adduced, 
is  that  derived  from  the  drama.  On  a  small  stage,  and  in  a  short 
time,  we  are  made  to  see  the  greatest  men  of  antiquity,  the  revolu- 
tions of  years,  and  the  consummation  of  the  most  important  events 
— the  actors  being  men  familiar  to  us  even  through  the  disguise  of 
costume.  The  mind,  however,  takes  its  part  with  the  actor,  and 
shares  in  the  realization.    We  do  not  want 

•*  A  klDgdom  for  a  stape,  princes  to  act, 
And  moiiarchs  to  behold  the  swelling  scene." 

These  accessaries  are  useless  when  the  audience  can  supply  their 
absence.  The  great  dramatic  poet  explains  the  theory  of  imita- 
tion well,  when  he  says  to  his  audience : 

«' 'Tis  your  thoughts  that  now  must  deck  our  kings. 

Carry  them  here  and  there  ;  jumping  o'er  times; 
Turning  the  accomplishment  of  u-.any  years 
Into  an  hour  glass.'* 

As  a  perfect  illusion  is  not  necessary,  but  hurtful,  so  there  are 
bounds  placed  to  limit  the  extent  of  art,  and  to  limit  the  extent  of 
each  department  of  art, — bounds  best  observed  in  the  greatest 
height  of  art,  and  soonest  overstepped  in  its  decadence. 

On  the  legitimate  application  of  imitation  all  the  fine  arts  de- 
pend, ai»dthis  is  their  bond  of  union;  it  is  only  in  the  vehicle 

11 


T4 


THE  CIVIL  ENGINEER  AND  ARCHITECT'S  JOURNAL. 


LMabcii, 


used,  or  the  sense  addressed,  that  they  differ.  AVe  are  now  agi- 
tatiiifj  for  the  catholicity  of  tlie  three  arts  of  design — painting, 
sculpture,  and  architecture ,  hut  we  cannot  expect  a  perfect  de- 
velopment of  the  fine  arts,  unless  their  three  other  hranches — 
music,  the  drama,  and  poetry — he  likewise  cultivated.  The  attempt 
to  sever  single  arts,  which  has  failed,  is  a  ground  for  want  of  con- 
fidence in  any  system  which  steps  short  of  completeness.  In  what 
do  all  our  complaints  and  all  our  inquiries  as  to  the  low  state  of 
art  end  ?  In  a  conviction  of  the  low  mental  condition  of  the  pro- 
fe.ssors  of  art.  When  the  painter  has  once  taken  his  hrush  in 
hand,  the  sculptor  his  chisel,  and  the  architect  his  compasses,  he 
hids  farewell  to  education  and  enlightenment,  he  gives  himself  up 
to  what  he  calls  his  art,  and  narrows  and  cramps  his  mind  just  at 
that  time  when  it  should  he  freest  in  its  expansion.  Precisely  for 
the  reason  that  the  artist  has  no  education,  the  scholar  has  no 
knowledge  of  art ;  and  art  is  kept  hack  from  this  state  of  affairs, 
and  not  from  the  want  of  manual  capacity  in  our  artists,  or  of  ade- 
quate encouragement  from  the  public.  There  have  been  oppor- 
tunities enough  lately,  but  they  bring  forth  only  Buckingham 
Palace  or  Trafalgar  Scpiare,  art-union  pictures  or  pigtail  mon- 
strosities. The  schoolmaster  has  been  sent  abroad ;  but  till  our 
artists  are  better  educated  men,  and  more  on  a  level  with  those  of 
Greece  and  Italy,  art  can  have  little  hope.  We  do  not  want 
academies  of  art  so  much  as  we  want  schools,  liberal  training,  and 
the  power  of  reasoning  justly. 

Among  the  six  fine  or  imitative  arts,  there  are  marked  distinc- 
tions. Painting  or  design,  sculpture,  and  architecture  are  mate- 
rial in  their  production ;  poetry,  the  drama,  and  music  are 
immaterial,  and  the  latter  two  in  their  performance  are  transient 
or  lleeting.  The  three  latter  have,  however,  the  power  of  repro- 
duction of  the  model  work  to  such  a  degree  as  materially  to  ex- 
tend their  social  influence.  Painting  by  the  means  of  engravings, 
and  sculpture  by  means  of  casts,  have  this  power  of  reproduction 
in  a  less  or  more  modified  degree,  but  the  progress  of  science  pro- 
mises to  give  these  arts  greater  resources;  and  although  some  look 
unfa\oural)ly  on  the  machinery  of  copying  and  piracj',  we  cannot 
but  believe  that  the  ai-tist  will  gain  by  being  brought  into  com- 
munion with  a  greater  mass  of  the  public.  The  artist  and  the 
public  must  work  together,  they  must  feel  for  each  other,  they 
must  join  to  produce  the  wished  effect.  Shakspeare  working  for 
the  public  of  his  day,  and  Dickens  for  the  public  of  this,  are  under 
a  stimulus  which  the  artist  at  the  present  time  too  rarely  feels. 
Tlic  incentive  to  immortality,  the  conscientious  discharge  of  a 
patriotic  duty,  the  inspiring  influence  of  the  goodwill  and  fellow 
feeling  of  applauding  millions  ought  to  operate  on  the  artist  as 
they  do  on  the  statesman,  the  general,  or  the  poet,  and  ought  to 
produce  greater  results  than  the  grovelling  selfishness  which  yields 
up  its  task  on  the  payment  of  the  stinted  and  allotted  price,  care- 
less of  anything  but  the  money  reward  and  tlie  personal  gratifi- 
cation. 

Architecture  has  for  its  province  the  execution  of  single  and 
isolated  monuments.  It  is  not  easy  to  reproduce  the  Parthenon 
or  St.  Peter's,  anjl  the  architect  has  every  inducement  to  devote 
himself  to  the  production  of  works  the  merit  of  which  he  will  not 
divide  with  the  copyist,  the  printer,  or  the  engraver, — which  he 
wants  no  translator  to  make  known  to  other  nations,  but  which 
are  felt  and  understood  by  people  of  all  countries  and  all  ages. 
Architecture  has,  too,  this  distinction,  that  it  has  an  immediate  and 
an  obvious  utilitarian  character.  The  painter,  the  sculptor,  and 
the  musician  minister  indirectly  to  the  uses  of  society  ;  the  poet 
and  the  dramatist  may  propose  a  moral  end,  hut  it  is  not  needful 
they  should  do  so ;  whereas  there  are  few  woi-ks  of  architecture 
which  do  not  bear  the  stamp  of  usefulness.  It  may  be  thought  by 
some  enough  to  appeal  to  this  sense  of  usefulness,  but  until  the 
architect  can  satisfy  himself  that  Newgate  or  Bedlam  engrosses  the 
favour  bestowed  upon  Westminster  Abbey  and  St.  Paul's,  he  will 
do  well  not  to  be  unmindful  of  the  artistic  relations  of  his  profes- 
sion. As  the  mighty  dome  of  St.  Paul's  is  seen  from  so  many 
p'6int.s  towering  over  London,  how  well  does  it  mark  the  wide  ex- 
panse of  ])(ipulation  crowding  below.  There  is  a  greatness  in  the 
sight  which  cannot  pass  unacknowledged,  while  the  statesman  and 
the  moralist  knows  too  well  the  influence  of  great  thoughts  and 
great  associations  on  the  public  mind  to  neglect  those  means  by 
wliicli  tliey  can  be  awakened  and  upheld.  Athens,  it  is  true,  sank 
with  the  glories  of  the  Parthenon  untarnished,  but  not  until  the 
living  spirit  of  art  had  been  quenched. 

The  imaginative  or  creati\e  power  of  the  artist  is  what  is  not 
allowed  for  in  Mr.  Cleghoru's  theories.  His  idealism  resolves 
itself  into  the  study  of  nature  and  the  adaptation  of  the  fine 
jrart  of  one  individual  to  the  fine  part  of  another  to  constitute  an 
ideal  or  perfect  whole.     He  quarrels  with   Ilaislitt  for  alHrming 


that  the  ideal  is  the  preference  of  that  which  is  fine  in  nature  to 
that  which  is  less  so;  but  he  does  not  set  up  in  its  place  anything 
which  is  clearer.  Perliaps  there  is  no  difference.  The  naturalists, 
as  represented  by  Mr.  Hazlitt,  say,  "There  is  nothing  which  is 
fine  in  art,  but  what  is  taken  immediately,  and  as  it  were  in  the 
mass,  from  nature."  Mr.  Cleghorn,  for  the  moderate  idealists, 
does  not  traverse  this,  but  says,  that  "  Ideal  art  is  finer  than 
nature ;"  though  from  what  we  can  make  out,  ideal  art  is  only 
selected  nature. 

As  to  the  question  whether  it  is  better  to  represent  individual  na- 
ture with  individual  defects,  accidents,  and  peculiarities,orto  repre- 
sent Jupiter  with  some  of  the  features  of  the  lion,  and  Hercules  with 
the  neck  of  a  bull,  to  say  nothing  of  fauns,  satyrs,  and  centaurs, — 
this  seems  to  us  a  question  which,  if  solved  in  favour  of  the  latter 
side,  does  not  give  any  valid  support  to  the  idealists.  Indeed, 
there  is  nothing  which  has  ever  yet  been  brought  forward  which 
shows  that  the  Greeks  owed  their  excellence  to  anything  but  the 
study  of  nature,  or  that  there  is  any  other  mode  of  attaining  ex- 
cellence in  art.  We  are  therefore  the  more  hopeful  of  the  future 
of  English  art,  as  at  any  rate  we  have  the  groundwork  of  a  study 
of  nature  ;  and  this,  supported  by  a  prudent  reference  to  the  old 
masters,  as  confirmatory  of  the  course  of  study,  will,  with  a  more 
liberal  education  and  a  more  catholic  feeling  of  art,  give  us  artists 
of  whose  works  we  shall  not  be  asliamed. 


Railway  Engineering  ;  containing  a  General  Table  for  the  Calcula- 
tion of  Earthworks.  By  T.  Bakeb,  C.E.  London:  Longman,  1848. 
8vo.  pp.  64. 

We  regret  to  perceive  that  Mr.  P.  Barlow  has  permitted  this 
hook  to  be  dedicated  to  him,  for  we  are  sure  that  he  was  ignorant 
of  the  dubious  character  of  the  honour  conferred  on  liim  by  the 
unscrupulous  author.  There  need  not  be  the  slightest  delicacy  or 
hesitation  in  affirming  that  the  whole  performance  is  a  collection 
of  gross  plagiarisms.  The  formula  for  the  super-elevation  of  the 
outer  rail  of  a  railway  curve  is  taken  from  De  Pambour.  Methods 
which  have  long  been  puldished  for  setting  out  curves,  the  author 
claims  as  his  own,  on  the  plea  that  they  were  privately  communi- 
cated to  his  i)upils,  and  that  some  years  ago  he  sent  to  the  "  Gen  ■ 
tleman's  Diary'  a  paper  on  the  subject,  which  teas  rejected. 

The  "  General  Table  for  the  Calculation  of  Earthwork  on  Rail- 
ways, &c."  is  a  direct  copy  from  the  "General  Table  for  facilitating 
the  Calculation  of  Earthworks  for  Railways,  Canals,  &c."  by  Mr. 
Bashforth.  There  is  not  even  a  colourable  variation  from  the 
original  in  the  copy, — it  is  an  exact  reprint,  line  for  line  and  figure 
for  figure;  with  a  few  additions,  but  not  a  single  omissinn.  Every 
one  of  Mr  Bashforth's  tabular  numbers  re-appears  in  Mr.  Baker  s 
table.  We  had  intended,  in  order  to  render  the  plagiarism  pal- 
pable, to  print  a  column  from  one  table  by  the  side  of  the  corre- 
sponding one  in  the  other  table;  but  after  getting  halfway  through 
the  labour  of  copying  the  figures,  we  found  that  there  was  not  a 
single  alteration  or  omission,  and  therefore  abandoned  the  task  as 
useless. 

A  general  reader,  not  familiar  with  the  character  of  earthwork 
tables,  might  deem  the  similarity  accidental  or  inevitable — just  as 
if  two  persons  published  different  tables  of  common  logarithms 
or  square  roots,  the  tabular  figures  must  coincide  where  both  are 
correct.  The  slightest  consideration,  however,  wiU  show  that  the 
present  is  not  an  analogous  case.  A  great  number  of  earthwork 
tables  has  been  published,  but  none  except  Mr.  Baker's  has  the 
same  figures  as  Mr.  Bashforth's :  and  for  this  plain  reason, — that 
other  tables,  such  as  Mr.  Bidder's  or  Sir  John  MacueLll's,  ape 
applied  by  methods,  and  for  purposes,  entirely  different.  Sir  John 
Macneill's,  for  instance,  are  not  general,  but  have  the  results  for 
particular  slopes  and  bases,  worked  out  ready  to  the  engineer's 
hand.  Mr.  Bidder's  table,  on  the  contrary,  is  general,  and  con- 
siders the  prismoid  in  three  separate  portions.  Mr.  Bashforth's 
is  also  general,  but  considers  the  prismoid  in  two  portions  ;  one  of 
which  has  no  real  existence,  but  being  merely  assumed  for  facility 
of  calculation,  is  ultimately  subtracted.  Now  considering  the 
perfect  independence  of  these  mctliods,  it  is  clear  that  tlie  tables 
founded  on  tliem,  though  entirely  different  from  each  other,  may 
lead  to  identical  results.  But  the  only  person  who  has  adopted 
Mr.  Bashforth's  very  original  plan  of  considering  the  slopes  to  be 
hypotlietically  continued  till  they  meet  in  an  apex,  is  Mr.  Bakei;. 
He  therefore  is  the  only  person  ivho  could  use  the  same  figures. 

AVe  have  too  much  confidence  in  the  right  feelings  of  engineers, 
to  suppose  for  an  instant  that  this  attempt  to  take  the  fruit  of  high 
talents  and  unweared  toil  from  the  lawful  owner  will  prove  suc- 
cessful.    In  our  apprehension,  the  literary  offence  is  much  aggra- 
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vated  by  tlie  attempt  made  in  the  work  under  review  to  throw 
dust  in  the  eyes  of  the  reader,  by  abusing-  the  author  whose  tables 
are  copied.  The  attacks  commence  in  the  preface,  and  are  con- 
tinued at  intervals  to  the  end  of  the  book,  with  all  the  emphasis 
wliich  italics  and  capitals  can  give  them.  For  example,  speakina: 
generally  of  other  previous  tables,  our  author  allows  that  "none  of 
them  are  accompanied  with  directions  for  finding  the  contents 
from  the  sectional  areas,  which  is  the  most  important  part  of  such 
tables,  except  JMr.  Bashforth's ;  but  his  jiiethod  of  applying  them  is 
arrmieous."  Now,  the  assertion,  which  we  have  given  in  the  au- 
thor's own  italics,  is  not  only  untrue,  but  it  would  not  be  un- 
cSiaritable  to  assert  that  it  is  put  forth  to  disguise  the  real  relation 
<£  his  own  method  to  i\Ir.  Bashforth's.  The  supposed  error  refers 
to  the  calculation  for  side-long  ground  (or  cuttings  or  embank- 
ments on  the  side  of  a  hill,  where  the  height  of  the  slopes  is  un- 
equal), and  is  established  by  taking  a  perverse  and  preposterous 
example — that  of  two  sections,  4  chains  apart,  of  the  areas  10,321 
feet  and  400  feet,  respectively.  As  if  in  a  length  of  4  chains,  no 
intermediate  sections  would  be  taken  where  the  first  section  was 
more  than  twenty-five  times  the  last ! 

Setting  aside  the  extra\agant  nature  of  the  case  supposed,  Mr. 
Bashfortli's  method,  even  if  so  applied,  is  just  as  likely  to  give  a 
true  result  as  that  which  Mr.  Baker  ivould  substitute.  We  are 
told,  that  by  neglecting  the  area  of  the  triangle,  the  former 
nrethod  gives  a  result  7^  per  cent,  too  small :  but  it  is  just  as 
likely  that  the  substituted  method  gives  the  result  as  much  too 
great ;  for  the  ground  may  undulate  so  much,  that  the  error  may 
be  either  in  excess  or  diminution.  In  a  case  like  the  present, 
is-here  the  ground  falls  so  much  in  the  direction  of  length,  that 
tlie  heights  of  one  end-section  are  only  one-fifth  those  of  the 
other  end-section,  great  irregularities  of  surface  must  be  supposed  to 
intervene.  For  instance,  suppose  a  valley  or  deep  hollow  occurred 
somewhere  in  this  length  of  four  chains  of  cutting,  Mr.  Baker 
would  tell  the  contractor  that  he  had  to  remove  all  the  contents 
of  the  vallcj',  which,  in  reality,  nature  had  already  excavated  for  him. 
There  is  no  guarding  against  such  errors,  except  by  the  precaution 
which  every  reasonable  engineer  adopts  where  the  ground  varies 
considerably — which,  in  the  present  case,  would  be  practically 
inevitable — and  which  Mr.  Bashforth's  method  supposes, — that  of 
taking  frequent  sections. 

Our  worthy  author  has  not  borrowed  his  predecessor's  table  of 
Proportional  Parts, — which,  as  we  explained  in  a  former  review, 
is  printed  on  card,  with  a  moveable  index  of  wood  sliding  in  a 
groove.  It  is  estimated  that  by  this  ingenious  contrivance,  the 
table  is  made  to  contain  all  the  calculations  which,  extended, 
would  occupy  a  surface  42,250,000  times  its  present  area.  To 
kave  adopted  this  table  also,  would  have  been  too  palpable  a 
plagiarism ;  Mr.  Baker,  therefore,  contents  himself  with  copying, 
figure  for  figure,  the  first  twenty-one  lines  of  it,  which  constitute 
te(!)  " 'fable  No^2 ;" 

cases  wl 

the  calculations  for  himself. 

It  is  not  to  be  expected  that  every  practical  person  who  calcu- 
lates quantities  for  contractors,  should  understand  the  mathe- 
matical principles  on  which  the  particular  tables  which  he  uses 
are  based.  But  it  is  within  the  simplest  comprehension,  that  the 
two  methods  under  comparison — and  they  alone — proceed  on  the 
assumption  that  the  slopes  are  hypothetically  continued  to  their 
intersection.  It  is  also  not  a  matter  of  reasoning  at  all,  but 
one  of  mere  eyesight,  that  Mr.  Baker  has  re-printed  Mr.  Bash- 
forth's calculations  identically.  The  only  differences  are  these — 
Mr.  Baker's  table  is  printed  in  a  less  distinct  manner ;  to  Mr. 
Basfortb's  table  of  65  heights  (reprinted  without  a  single  omission) 
se^'en  more  heights  are  added  :  lastly,  of  the  table  of  Proportional 
P^rts,  the  first  twenty-one  lines  are  reprinted  ,  and  as  to  the  42 
millions  and  odd  remaining  calculations,  Mhich  the  sliding  index 
ingeniously  efi'ects — why,  the  reader  is  left  to  calculate  them  for 
himself. 


"  Table  No.  2 ;"  and  the  reader  is  informed  (p.  48),  that  in 
vhich  this  "  Table  No.  2"  does  not  include,  he  must  work  out 


The  Steam  Navy. — Mr.  Edward  Whitley  Baker  has  been  appointed  by  the 
government  to  go  out  with  James  Brooke,  the  Rajah  of  Sarawak.  Mr. 
Baker  is  attached  as  engineer  to  the  Mseander  frigate,  and  is  to  have  charge 
of  a  steam  launch,  to  be  used  in  getting  up  the  small  rivers  and  creeks  for 
surveys  and  in  search  of  pirates,  and  is  to  be  at  the  service  of  the  Rajah  in 
Sarawak  and  Labuan  as  mechanical  engineer.  We  are  glad  to  see  from  this 
appointment  that  the  Admiralty  are  really  desirous  to  improve  the  engineer- 
ing service  of  the  navy,  by  employing  efficient  practical  men  like  Mr. 
Baker. 


REGISTER    OP    NE"W    PATENTS. 

BALANCE  BRIDGE. 

John  Harvey  Sadler,  of  Holheck,  Leeds,  iron  merchant,  for 

"  Improvements  in  constructing  bridges,  aqueducts,  and  similar  struc- 
tures r—Gvanie  A  July  7,  1847;  Enrolled  January  7,  1848. 

This  invention  relates  to  the  construction  of  cast-iron  girders 
for  continuous  bridges,  viaducts,  or  aqueducts,  and  other  improve- 
ments relating  to  railways.  Fig.  1,  is  a  side  view  made  according 
to  this  invention  of  cast-iron  girders  c,  strongly  jointed  and  bolted 
together  at  a,  standing  upon  piers  of  stone  or  brick  b  b  b,  each 
girder  c,  being  cast  from  one  and  the  same  pattern,  or  where  no 
very  great  length  is  requii-ed,  two  parts  c  c',  may  be  cast  as  one 
piece ;  in  either  case  from  the  points  d,  will  constitute  one  girder, 
which  is  from  centre  to  centre  of  two  arches,  and  the  two  parts  on 
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Fig.  7. 

either  side  of  a  bar  ft,  will  balance  each  other,  consequently,  there 
is  no  weight  or  sway  comparatively  speaking  in  the  centre  of  each 
arch.  It  will  be  seen  that  each  girder  is  loose  and  at  liberty  at  the 
centre  of  each  arch  rf  rf,  and  though  strongly  jointed  together  by 
means  of  plates  on  each  side,  they  will  allow  for  any  contraction 
or  expansion  required  by  change  of  the  atmosphere  ;  and  fig.  2,  is 
a  transverse  section  of  this  joint,  showing  how  the  toothed-plates 
fit  into  similar  teeth  at  the  ends  of  each  girder  where  they  meet  at 
the  centre.  Fig.  3,  is  a  plan  of  the  cast-Lron  flooring  for  bridges, 
&c.,  consisting  of  plates  of  cast-iron.  Fig.  4,  shows  these  plates 
upon  an  enlarged  scale,  the  underside  uppermost  and  not  closed 
together,  the  better  to  explain  how  strength  may  be  given  t'o 
these  plates  to  bear  the  rails  and  any  weight  required  to  pass  over 
them ;  and  fig.  5,  i^  a  transverse  section,  showing  how  these  plates 
are  fastened  togetJier,  and  bolted  to  the  girders  by  the  brackets 
i  i.  The  covering  or  flooring-plates  e  and  /»,  are  shown  to  be  a 
foot  in  width,  and  of  the  length  from  girder  to  girder  correspond- 
ing to  the  width  required  for  the  raUway. 
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The  ]ilate  iipon  which  the  chairs  are  securely  bolted  is  seen 
to  have  three  ribs  or  flanches  cast  upon  the  underside  in  order  to 
give  the  requisite  strength,  and  also  holes  cast  through  it  for  bolt- 
ing and  securely  fixing  the  chairs  for  holding  the  rails.  There 
are  studs  about  an  inch  square  cast  upon  the  sides  ot  each  plate, 
and  each  plate  has  holes  cast  of  a  size  exactly  to  fit  and  receive 
these  studs,  (see  A,  fig.  5,  which  is  a  side  view  of  these  plates,)  it 
will  therefore  easily  be  understood  that  if  these  plates  were  shut 
or  closed  together,  these  studs  would  enter  into  the  holes  cast  in 
each  for  that  purpose,  clearly  showing  that  the  whole  covering  or 
flooring  will  be  so  united  and  securely  fastened,  so  as  to  form  one 
general  mass  of  support  to  the  rails  and  the  weight  passing  over 
them. 


LOCOMOTIVE  ENGINES  AND  BREAKS. 

Geohoe  Taylor,  of  Holbeck,  near  Leeds,  Yorkshire,  mechanic, 
for  "  Improvements  in  the  construction  of  engines  and  carriages  to  be 
used  on  railways." — Granted  June  3  ;  Enrolled  December  3,  1847. 

This  invention  relates,  firstly,  to  improved  arrangements  of  the 
cylinders  of  locomotive  engines,  and  the  parts  which  communicate 
the  reciprocating  motion  to  the  driving-wheels,  for  the  purpose  of 
concentrating  the  driving  power  of  the  actuated  pistons,  so  as  to 
communicate  an  even  rotating  motion  to  the  axles  of  the  driving- 
wheels,  and  also  to  distribute  the  moving  power  (without  first  con- 
centrating it)  to  one,  two,  or  more  pairs  of  driving-wheels  in  a 
uniform  manner.  Secondly,  this  invention  refers  to  an  improved 
break,  for  stopping  the  progress  of  carriages  along  the  line  of  rail- 
way ;  such  a]iparatus  being  also  suitable  for  sustaining  its  carriage 
on  the  rails,  in  case  of  the  breaking  of  an  axle.  Thirdly,  this  in- 
vention relates  to  an  improved  arrangement  of  tender.  Fourthly, 
to  certain  improvements  in  mounting  the  wheels  of  railway  car- 
riages. 

The  improved  arrangements  are  shown  in  the  annexed  engrav- 
ings.    Fig.  1   is  a  side  elevation,  and  fig.  2  a  plan,  in  which  the 

Fig.  2. 


Fig.  U 

motive  power,  communicated  to  the  pistons  of  the  working  cylin- 
ders, is  concentrated  in  a  line  drawn  longitudinally  through  the 
centre  of  the  plane  of  the  engine,  o,  a,  are  a  pair  of  cylinders, 
placed  over  the  end  of  the  boiler  b,  nearest  to  the  smoke-box ; 
c,  are  the  piston-rods,  with  cross-heads,  which  slide  in  guides  fixed 
to  the  outside  casing  of  the  boiler ;  d,  d,  are  rods  for  connecting 
the  piston-rods  to  the  cranks  c,  which  cranks  are  attached  one  to 
either  side  of  a  central  wheel/.  The  periphery  of  this  wheel  is 
provided  with  cogs,  for  gearing  into  or  driving  a  wheel  ^,  keyed  to 
the  axle  of  the  driving-wheels  /*.  In  order  to  insure  the  proper 
gearing  together  of  the  wlieels  /  and  p,  and  allow  of  the  play  of 
the  bearing-spring,  the  guides,  in  which  the  axle-boxes  or  journals 
of  the  driving-wheels  h  slide,  are  made  at  an  angle,  as  shown  at  i, 
fig.  1.  By  referring  to  the  figures,  it  will  be  seen  that  the  axles 
are  placed  above  the  boiler,  and,  therefore,  wheels  of  large  diame- 
ter (say  from  10  to  IS  feet)  may,  if  required,  be  employed  with 
safety  ;  the  oscillation  of  the  engine  being,  in  great  part,  avoided, 
by  the  central  and  uniform  driving  of  the  axle  of  the  wheels  h,  and 
the  weight  of  the  engine  being  near  the  ground.  'Wlien  it  is  de- 
sired to  make  all  the  wheels  driving-wheels,  their  shafts  may  be 
connected  together  by  rods  and  crank-pins,  as  now  generally  em- 
ployed. 

The  specification  describes  two  other  arrangements  of  mechan- 


ism, for  communicating  the  reciprocating  motion  of  the  pistons  to 
the  axles  of  the  driving-wheels. 
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Fig.  4. 


Fig.  3. 


The  improved  apparatus  or  break  for  retarding  and  stopping  the 
train  is  shown  at  fig.  3,  a  side  elevation  of  a  tender,  with  the  appa- 
ratus attached  thereto  ;  and  fig.  i  being  an  end  elevation,  a  is  one 
of  two  levers,  attached  to  the  bottom  of  the  carriage,  and  intended 
to  vibrate  slightly  upon  centre-pins  h.  At  their  outer  ends  these 
levers  are  connected  together  by  a  eross-rod  c,  and  are  thereby 
caused  to  move  simultaneously  when  any  motion  is  communicated 
to  them,  rf,  d,  are  flanged  skids,  attached  to  the  outer  end  of  the 
levers  a  ;  and  they  are  provided,  at  their  under  surface,  with  a  block 
of  wood,  the  grain  of  which  is  vertical.  These  skids  are  intended 
to  be  depressed  on  to  the  rails,  when  the  speed  of  the  train  is  to  be 
ckecked  ;  and  the  flanges,  which  are  formed  on  the  inner  side  of 
the  skids,  will  act  as  guides  and  keep  the  carriages  on  the  line  of 
rails,  in  case  of  the  breakage  of  an  axle,  e  is  a  strong  spring, 
stretching  across  from  one  skid  to  the  other,  and  taking  into  slots 
or  openings  formed  in  the  upper  part  of  the  skids.  This  spring  is 
embraced,  at  the  middle  of  its  length,  by  a  hoop/  which  is  jointed 
to  a  vertical  shaft  g,  composed  or  two  parts,  and  capable  of  being 
adjusted,  in  its  length,  by  a  threaded  connecting-piece  h.  The 
upper  end  of  the  shaft  g  is  forked,  and  between  its  prongs  two 
antifriction  rollers  ?,  f,  are  mounted.  In  the  sides  of  these  prongs, 
and  between  the  centres  of  the  rollers  i,  longitudinal  slots  are  cut, 
for  the  purpose  of  receiving  the  axle  A',  of  a  cam  /,  which  is  in 
contact  vvith  the  peripheries  of  the  antifriction  rollers.  The  axle 
k  is  mounted  in  bearings  affixed  to  the  end  of  the  tender,  and  to 
its  outer  end  a  worm-wheel  m  is  keyed.  This  wheel  gears  into  a 
worm  ?7,  mounted  on  one  end  of  a  shaft  o,  which  turns  in  bearings 
at  the  side  of  the  tender ;  and  at  its  other  end  a  hand-wheel  p  is 
ke)ed,  for  the  purpose  of  giving  it  a  rotary  motion.  Let  it  now 
be  supposed  that  the  skids  are  required  to  be  let  down  on  to  the 
rail, — the  hand-wheel  p  is  turned,  in  order,  by  means  of  the  worm 
n,  to  move  round  the  wheel  vi  and  its  axle,  which  carries  the  cam  /; 
the  larger  radius  of  this  cam  being  now  brought  into  contact  with 
the  lower  antifriction  roller,  it  will  depress  the  vertical  shaft  g,  and 
communicate,  through  the  spring  e,  an  elastic  pressure  to  the  skids, 
whereby  they  will  be  made  to  bite  the  rails,  and  retard  the  progress 
of  the  train. 

The  third  improvement  consists  in  carrying  the  axles  of  tenders 
through  or  abo\e  the  water-tank,  whereby  the  weight  is  brought 
near  the  rails,  in  a  manner  similar  to  that  of  the  engines.  By  this 
arrangement  larger  wheels  than  usual  may  be  employed  with 
safety ;  tlie  weight  of  the  load  which  the  tender  carries  being 
brought  much  nearer  tlie  rails,  whereby  the  oscillation  is  in  great 
part  pre\ented. 

Tlie  fourth  part  of  the  invention  relates  to  improvements  in 
mounting  the  wheels  of  railway  carriages, — the  railway  axle  being 
composed  of  two  parts,  one  being  solid  and  the  other  tubular.  The 
solid  axle  is  made  to  carry  one  of  a  pair  of  wheels,  and  the  tubuLir 
axle,  which  is  slidden  over  the  solid  axle,  or  otherwise  placed  over 
it,  receives  the  other  wheel.  The  advantage  of  mounting  wheels 
in  this  manner  is,  that  they  will  be  allowed  to  turn  independently 
of  each  other.  In  applying  tlie  improvement  to  axles,  as  now  con- 
structed, one  boss  is  turned  down,  and  a  collar  merely  is  left ;  the 
axle  is  then  coated  with  "  Paris  white,"  or  other  suitable  substance, 
and  afterwards  heated  in  a  furnace  to  a  dull  red  heat.  AVhen  in 
this  state  a  tulie  or  hollow  axle  is  cast  around  it, — the  ends  of  the 
hollow  tube  being  inclosed  between  the  boss  and  the  collar  of  the 
inner  axle.  On  the  contraction  of  the  metals,  the  inner  and  outer 
axles  will,  by  reason  of  the  intermediate  filling  substance,  be  en- 
abled to  revolve  independently  of  each  other,  but  will  be  in  no 
danger  of  separating,  as  the  collar  keeps  them  securely  together. 
When,  therefore,  the  wheels  are  respectively  secured  in  their 
places  by  the  ordinary  means,  they  will  be  free  to  revohe  inde- 
pendently, and  be  as  little  liable  to  derangement  as  if  mounted  on 
one  solid  axle. 
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SANITARY  IMPROVEMENTS  IN  THE  SEWAGE. 
(  With  Engravings,  Plate  V.J 

The  importance  of  the  sanitary  question  increases  every  day, 
a-nd  t}ie  large  extent  of  works  which  will  evidently  he  carried  out 
to  ohtain  a  perfect  system  of  sewage  make  it  of  great  consequence 
to  engineers  to  he  well  informed  of  the  most  approved  modes  of 
construction.  For  this  reason  Me  have  given  copious  extracts 
from  the  evidence  of  Mr.  Austin  and  Mr.  Phillips,  before  the  Me- 
tropolitan Sanitary  Commission,  and  to  which  we  beg  leave  to 
direct  the  particular  attention  of  the  profession.  , 

H.  Austin,  Esq.,  C.E.,  at  the  request  of  the  commissioners 
nrade  a  survey  of  the  Surrey  and  Kent  district  of  sewers,  and  gave 
the  following  evidence  relative  to  the  flat  district  of  Lambeth,  the 
Borough,  and  Rotherhithe,  as  shown  in  the  plan,  fig.  1,  Plate  V. 

"  There  is  little  doubt  that  much  improvement  might  be  efl'ected 
in  the  present  system  of  sevrage,  but  it  could  only  be  carried  out 
Ht  vast  expense  ;  and  to  extend  this  system  over  the  whole  district, 
so  as  to  render  it  general  and  complete,  even  under  such  improved 
arrangements,  would  not  only  be  ruinous  in  cost,  but  the  great 
evils  after  all  would  only  be  lessened,  not  removed.  With  a  dis- 
trict so  situated,  nearly  flat,  and  for  the  most  part  several  feet  under 
high-water  mark,  all  attempts  at  providing  an  adequate  natural 
drainage,  direct  into  the  river,  must  end  in  failure.  Do  what  you 
will,  it  must  be  a  cesspool  system  still.  A  small  additional  current 
of  two  or  three  feet  may  certainly  be  obtained  in  some  cases  by 
lowering  the  outfalls  to  low- water  mark,  but  the  advantage  of  this, 
carried  over  a  distance  of  two  miles  or  more,  would  scarcely  be 
appreciable,  and  could  be  carried  out  only  at  immense  expense.  It 
appears  to  be  absolute  that  tliis  artificial  state  of  things  should  be 
treated  artificially,  and  mechanical  appliances  brought  to  bear  to 
lift  and  discharge  the  refuse  constantly  as  it  is  produced.  Inter- 
mittent drainage  is  somewhat  more  barbarous  than  intermittent 
water  supply.  It  does  seem  extraordinary,  that  with  the  steam- 
engine  applied  in  almost  everv'  useful  relation  of  life,  its  adaptation 
to  this  great  purpose  for  the  relief  of  flat  districts  of  towns  of  its 
refuse  and  water  should  never  have  been  attempted.  It  was  very 
satisfactory  to  me  to  find,  on  proposing  tlie  system  to  Mr.  Chad- 
^vick,  that  the  idea  of  its  practicability  had  already  been  impressed 
an  his  own  mind,  from  observation  as  to  the  eflicieucy  and  small 
expense  of  pumping,  for  the  purpose  of  agricultural  drainage.  We 
have  ample  experience  as  to  the  facility  with  which  refuse  may  be 
pumped,  in  its  application,  in  several  instances,  to  agricultural 
purposes.  It  only  remains  a  question  as  to  the  best  arrangement 
of  the  drainage  to  realise  the  object  in  the  most  efficient  and  eco- 
nomical manner. 

The  district  to  be  drained  should  be  apportioned  into  convenient 
eections  or  divisions,  the  drainage  of  which  would  be  totally  inde- 
pendent and  distinct,  converging  to  the  centre  of  each  division 
with  any  desired  current,  and  f'rom  these  centres  the  liquid  would 
be  raised  by  steam-engines,  placed  at  any  convenient  point  in  con- 
nection with  them  by  pipes.  The  skeleton  plan  (fig.  1,  Plate  V.) 
of  the  populous  part  of  the  Surrey  and  Kent  district  will  best  ex- 
plain my  meaning,  it  being  understood  that  the  divisions  of  the 
district  there  represented,  the  position  of  the  centre  points  or 
wells,  and  the  situation  of  the  engine  power,  are  only  assumed  for 
<|ie  purpose  of  illustration,  without  at  all  presuming  that  they 
would  be  the  most  desirable  to  adopt.  These  are  matters,  the  cor- 
rect determination  of  which  would  demand  much  consideration  and 
study  of  local  circumstances  and  arrangement.  Beyond  the  con- 
sideration of  these  circumstances,  the  extent  of  each  division 
would  be  limited  only  by  the  amount  of  fall  that  it  would  be  ne- 
cessary to  preserve  to  allow  of  a  certain  maximum  size  of  drain, 
and  the  depth  of  digging  that  might  be  thought  desirable. 

The  most  important  consideration  appears  to  be  the  size  and 
material  of  the  drains,  and  I  have  founded  my  calculations  on  the 
basis  that  the  maximum  size  of  the  main  outfall  drains  should  not 
exceed  a  dimension  that  would  be  conveniently  manufactured  in 
pottery  clay,  so  as  to  allow  of  the  establishment,  throuyhout,  of  a 
complete  system  of  pipe  drainage  rather  than  of  brick  sewers.  I  there- 
fore fix  the  limit  of  the  largest  drain  at  2  feet  diameter,  that  being 
a  practicable  size  to  manufacture.  Taking  then  a  perfectly  flat 
frrea — which  is  the  worst  case  for  calculation — assuming  a  total  fall 
of  15  feet  from  the  extreme  points  to  the  centre,  upon  an  area  of 
half  of  a  square  mile  or  320  acres,  this  will  give  a  current  of  1  in 
£50  as  a  minimum,  and  a  2-feet  drain,  with  that  fall,  will  be  more 
than  sufiicient  to  discharge  the  whole  refuse  of  the  densest  popu- 
lation upon  that  extent  of  surface,  with  an  improved  constant  sup- 
ply of  water  of  100  gallons  per  day  per  house.  "With  such  arrange- 
ments, there  would  have  to  be  discharged  from  each  division  of 


half  a  square  mile  nearly  one  million  gallons  per  day ;  but  as  by 
far  the  largest  quantity  is  used  in  the  busy  time,  from  nine  to  one 
o'clock,  I  calculate  a  capacity  sufficient  to  discharge  the  whole 
quantity  in  that  time. 

It  would  be  essential  that  these  drains  should  be  capable  of  re- 
moving also  the  whole  external  refuse  of  the  streets  and  houses. 
I  assume,  therefore,  that  the  system  should  be  capable  of  accom- 
modating a  fall  of  rain  equal  to  an  inch  and  a-balf  in  12  hours,  a 
good  soaking  quantity  that  would  soon  cleanse  the  whole  surface 
of  the  streets  and  houses,  and  convey  away  the  refuse.  This 
amount  being  added  to  the  house  sujiply  of  water,  the  total  quan- 
tity produced  at  such  times  in  each  division  would  be  200,000  cubic 
feet  per  hour. 

The  only  question  for  consideration  as  to  fall,  would  be  to  fix  a 
safe  limit  for  the  total  inclination  of  those  continuous  lines  of  the 
drainage  that  %vould  have  to  convey  the  water  from  the  extreme 
points  to  the  centre.  Having  decided  upon  that,  the  rate  of  in- 
clination should  be  graduated  from  one  end  to  tlie  other ;  because 
the  accelerated  velocity  of  the  stream,  as  it  would  approach  the 
centre  outfall,  would  admit  of  considerably  less  inclination  of  the 
drainage  than  at  the  commencement ;  or,  on  tlie  other  hand,  would 
admit  of  a  great  reduction  in  the  size  of  the  pipes.  All  the  col- 
lateral or  intermediate  branch-drains,  it  will  be  seen,  would  have 
so  considerable  an  amount  of  fall,  as  to  afford  the  opportunity  of 
putting  them  all  in  of  a  very  small  size. 

The  engines  may  be  fixed  in  any  spot  most  convenient  and  ad- 
visable, and  there  need  be  only  one  pumping  establishment  for  the 
whole  district  (as  shown  in  the  skeleton  plan,  fig.  1),  to  which 
main  pipes  would  lead  from  the  several  centre  wells,  precisely  as 
would  be  practised  in  raising  so  much  water  from  a  well  at  a  dis- 
tance. From  the  engines,  one  or  more  discharge-pipes,  to  convey 
the  whole  refuse,  would  lead  to  the  most  convenient  outlet  in  the 
river,  as  shown  by  tlie  double  dotted  line.  The  arrangement  here 
submitted  would  offer  this  great  advantage,  that  the  pollution  of 
the  whole  southern  bank  of  the  river  would  at  once  be  avoided,  as 
the  liquid  refuse  could,  with  equal  facility,  he  discharged  at  any 
spot  lower  down  the  ri\er,  where  no  inconvenience  would  arise 
from  it.  Bv-and-bye,  wlien  the  public  mind  is  brought  to  appre- 
ciate the  value  of  this  material,  and  to  apply  it  to  its  legitimate 
purpose,  instead  of  throwing  it  away,  there  w  ould  be  nothing  more 
required  than  to  lay  down  the  distributing-pipes  from  the  engines 
in  the  direction  of  the  demand.  The  discbarge  pipe  would  then 
serve  its  proper  purpose  of  a  waste-pipe  into  the  river,  «lien  tlie 
supply  of  the  liquid  exceeded  the  demand  for  it,  or  it  would  lead 
into  depositing  reservoirs. 

I  calculate  that  it  would  be  necessary  to  provide  four  times  the 
amount  of  steam  power  for  the  removal  of  the  refuse  during  wet 
weather  that  would  be  necessary  on  dry  days,  and  this  is  the  very 
amount  that  would  probably  be  necessary  to  raise  the  refuse  the 
additional  height  required  for  its  application  to  agriculture. 
Thus,  in  wet  weather,  when  there  would  be  no  demand  for  the 
sewage  manure,  the  whole  power  of  the  engines  would  be  em- 
ployed in  raising  the  greater  quantity  of  liquid  sufficiently  high 
only  for  its  discharge  from  the  district ;  and  in  dry  weather  the 
full  power  would  be  engaged  in  raising  the  smaller  quantity  the 
additional  height  necessary  for  its  intended  application  to  agricul- 
ture. The  system  would  so  work  together  very  satisfactorily  as  a 
perfect  whole. 

The  cost  of  this  improved  system  of  drainage  will  not  amount 
to  more  than  one-fourth  of  the  system  now  pursued  in  the  Surrey 
and  Kent  district.  This  commission  has  recently  given  notice  of 
the  intended  execution  of  works,  involving  an  outlay  of  £100,000, 
to  be  expended  in  a  few  main  lines  of  drainage,  which,  for  the  real 
and  important  purposes  of  sewerage — the  removal  of  the  liquid 
refuse  from  the  houses — will  be  of  no  earthly  benefit  to  the  inha- 
bitants, but  will  serve  only  to  obstruct  future  improvement ; 
whereas  the  outlay  of  this  amount  on  tlie  plan  proposed  would 
actually  suffice  for  the  construction  of  the  entire  street  drainage, 
including  every  court  and  alley,  of  more  than  one  half  of  the  most 
populous  part  of  the  district  comprised  within  an  area  of  four 
square  miles  immediately  south  of  tlie  river.  The  perfect  drain- 
age of  the  most  crowded  district  on  this  system  would  cost  on  the 
average  £2  per  house,  with  an  annual  charge  of  2*.  per  house,  for 
annual  expense  of  engine  power.  To  repay  in  30  years,  with  in- 
terest, the  whole  cost  of  the  public  or  street  drainage,  together 
with  complete  private  or  house  drainage,  with  stone-ware  water- 
closet  basin,  and  including  the  above  annual  charge  for  entrine 
power,  would  involve  a  rate  of  7*.  per  annum,  or  about  a  third  of 
the  annual  cost  of  emptying  a  cesspool,  where  at  all  decently 
kept." 
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Mr.  PiiiM.ips,  C.E.,  e:ave  the  following  evidence  as  to  the  system 
of  sewafie  iidojited  by  him  : — 

'•Solidity  of  execution  in  construction,  economy  of  niiiterials  and 
liihoiir,  coniliiiied  «itli  ^^trenjrth  to  hear  the  latenil  and  vertical 
)Fressures  of  the  j^round,  and  efficiency  in  atfordinjj;thehest  channel 
fur  ijuickly  convcyinf;  away  the  seivape,  are  the  essential  reiiuisites 
fur  a  sewer.  The  circle  affords  the  most  capacious  area  of  all 
plane  figures  havin-r  the  same  circumferciu^e,  and  conversely  its 
I'ircuiiiference  is  less  than  any  other  tiijure  of  the  same  capacity. 
It,  therefore,  sup]ilies  the  greatest  capacity  for  receiving  the 
water,  w  itli  the  smallest  frictional  surface,  and  the  least  consump- 
tion of  materials.  As  regards  strength  :  when  the  ])ressure  from 
t]ie  ground  around  a  circle  is  the  same,  it  is  equally  distributed 
throughout  the  entire  thickness  composing  the  arch  ;  for,  as  the 
extradosal  length  is  greater  than  the  intradosal  length,  the  arch 
is  necessarily  made  up  of  a  series  of  wedges  all  pointing  to  the 
centre  of  the  circle ;  hence  the  circular  form  prevents  the  earth 
outside  of  it  from  forcing  it  in,  and  from  disturbing  it,  provided 
the  pressure  be  e(i\ial,  while  upright  walls  in  tlie  same  circum- 
stances would  most  probably  be  unable  to  withstand  tlie  pressure. 

The  removal  of  sewage  and  prevention  of  deposit  of  matter  in 
sewers  are  entirely  dependent  on  the  tpiantity  and  velocity  of 
the  water  running  through  tliem.  In  order  therefore  to  keep  them 
well  washed  out  and  cleansed,  the  utmost  scouring  force  should  be 
imparted  to  the  streams.  A  semicircular,  or  still  narrower  and 
deeper-curved  channel  of  a  semi-elliptical  or  catenarian  form, 
concentrates  the  flow  on  a  small  area  of  friction,  heaps  it  up,  and 
so  increases  its  velocity,  and  makes  it  more  powerful  in  lifting, 
holding  in  suspension,  and  carrying  away  all  matters  which  may 
find  their  way  into  the  sewers,  than  a  wide  and  flat  channel.  A 
sewer,  therefore,  having  an  arched  crown,  curved  side  walls,  and  a 
narrow  and  deeply-curved  bottom,  which,  combined  together,  give 
Uie  shape  of  an  rgg  irith  the  i-imill  end  phiced  dnwiiwcirds,  is,  in  my 
opinion,  the  best  and  most  efficient  form  for  all  branch  sewers.  It 
would  ai)|)ear  liovvever  from  what  has  been  stated,  that  the  circle, 
from  ha\ing  a  more  capacious  area  and  less  rubbing  surface  than 
any  other  ligure,  is  the  best  shape  for  all  sewers.  But  this  is  not 
the  case  ;  for  although  the  surface  of  contact  of  the  egg-shaped 
sewer  is  somewhat  greater  than  a  circle  of  the  same  area,  yet  by 
contracting  the  channel  and  so  raising  the  height  of  the  stream, 
the  ratio  of  velocity  and  consequent  power  to  scour  is  increased 
thereby,  as  will  be  evident  on  experiment  being  made.  It  is  the  pre- 
rogati\'e  of  the  egg-shaped  sewer,  therefore,  to  combine  in  its 
form,  capacity,  economy,  sti'ength,  and  efficiency. 

For  the  short  collateral  branches  of  the  sewers  in  street,  courts, 
&c.,  the  smaller  tliey  are,  (provided  they  be  large  enough  to 
recei\e  and  carry  off  storm  waters  in  addition  to  the  ordinary  run), 
the  less  chance  will  there  be  for  them  to  choke  up.  In  the  course 
of  my  experience  I  have  examined  hundreds  of  drains,  and  I  have 
always  found  small  drains  and  sewers  which  had  a  moderate  fall, 
and  anything  like  a  good  supply  of  water,  quite  clean  and  perfect 
in  that  respect.  I  anticipate,  indeed  I  confidently  entertain  an 
opinion,  that  with  a  combination  of  the  water  supply  and  a  tubular 
system  of  sewerage  and  house-drainage,  the  whole  of  the  annoy- 
ance now  experienced  by  the  public  from  defective  drains  and 
sewers  may  be  made  to  cease. 

If  constant  currents  of  water  be  carried  through  the  drains  and 
sewers,  though  the  currents  may  he  small,  yet  provided  they  be 
constant  and  concentrated  on  very  narrow  and  smooth  bottoms, 
they  M  ill  keep  the  sewers  clean.  Where  the  supply  is  intermittent, 
tlie  matter  discharged  from  the  house-drains,  meeting  with  no 
<'urreut,  accumulates.  In  order  to  prevent  deposit  in  drains  and 
fcewers,  there  must  be  a  certain  degree  of  velocity  and  force  given 
to  each  current,  so  as  to  produce  agitation  equal  to,  or  rather 
gi'cater  than  the  ins  inertiip,  or  weight,  mass,  figure,  and  superficies, 
of  the  sand,  silt,  mud,  and  other  substances,  to  be  lifted,  and  kept 
always  moving,  or  united  and  incorporated  with  the  running 
water,  added  to  the  friction  of  the  bottom  and  sides  of  the  channel. 

The  chance  of  any  sewer  keeping  itself  clean  is  dependent  on 
four  things, — namely,  its  capacity,  its  ft>rm,  its  fall,  and  the 
quantity  and  force  of  the  water  running  through  it.  It  is  only  from 
oltservation  and  experience,  and  the  application  of  rules  deduced 
therefrom,  to  the  proportioning  the  capacity,  the  form,  and  the 
fall,  as  also  the  quantity  and  force  of  water  requisite  to  prevent 
deposit,  that  we  can  ho])e  to  arrive  at  perfection  in  sewerage. 
From  observation  and  experiment,  I  fiiul  that  it  requires  a  con- 
stant velocity  of  current  to  be  running  through  the  sewers  equal 
to  about  2ij  feet  per  second,  or  l|  mUe  per  hour,  to  prevent  the 
soil  from  depositing  within  them. 

There  is  less  water  ruaning  in  the  sewers   on  Sundays  than  on 


other  days  of  the  w  cek  ;  and  most  on  Saturdays.  The  height  of 
the  flow  every  day  goes  on  increasing  from  an  early  hour  in  the 
morning  until  about  noon,  when  it  is  highest;  it  tlien  gradually 
subsides  to  its  lowest  level.  The  period  of  the  greatest  flow  es^ry 
day  is  between  11  a.  m.  and  1  p.  nu 

The  fall  of  sewers  should  be  proportioned  to  the  quantity  of 
water  that  is  to  pass  through  them.  For,  with  the  same  fall,  the 
greater  the  body  of  water  the  greater  will  be  the  velocity  ami 
scour ;  and  conversely,  the  less  the  body  of  water  the  less  will  lie 
the  velocity  and  scour.  Again,  a  large  body  of  water  will,  with  a 
little  fall,  run  with  the  same  velocity  as  a  small  quantity  will  with 
a  great  fall.  Hence  the  recipient  of  many  branch  sewers  may  hav« 
less  fall  than  the  branches  themselves.  A  fall  of  a  quarter  of  an 
inch  in  10  feet  has  been  considered  the  least  fall  that  should  be 
given  to  branch  and  summit-level  sewers;  but  this  fall  is  not 
enough  to  keep  the  sewers  clean.  No  ;  such  sewers  should,  in  my 
opinion,  have  not  less  fall  than  half  an  inch  in  10  feet.  In  some  dis- 
tricts it  is  found  impossible  to  get  even  so  much  fall  as  a  quarter 
of  an  inch  in  10  feet.  In  districts  where  proper  fall  cannot  he 
obtained,  it  is  necessary  to  resort  to  flushing  to  keep  the  seivers 
free  of  deposit  and  clean. 

"When  a  main  stream  receives  a  branch  stream,  the  united 
body  of  water  causes  the  height  of  the  main  stream  to  increase, 
consequently  the  surface  rises  somewhat  higher  than  the  surface  of 
the  divided  streams;  hence  the  water  flows  back,  producing  tie- 
posits  of  heavy  substances  about  the  junctions,  which  deposits 
draw  back  and  impede  the  flow  of  the  two  streams.  Now,  in 
ortler  to  remedy  this  evil,  the  bottom  of  the  main  sewer,  immedi- 
ately below  the  junctions  should  be  made  some  inches  deeper  than 
the  bottoms  above  the  junctions.  By  this  mode  of  forming  the 
bottoms,  the  surface  of  the  main  and  branch  streams  w  ill  ha^^e  a 
uniform  inclination,  and  the  acceleration  of  this  fall  will  prevent 
regurgitation  and  deposit,  and  the  united  streams  will  flow  on- 
wards with  increased  speed. 

In  order  to  determine  the  depth  below  the  junctions,  it  is  ne- 
cessary to  calculate  what  height  the  body  of  water  falling  from 
the  branches  will  increase  the  stream  in  the  main.  Tlie  capacity 
of  the  united  stream  is  very  much  less  than  the  sum  of  the) 
capacities  of  the  divided  streams,  and  the  velocity  in  the  former  is 
considerably  greater  than  either  of  the  latter.  The  ratio  of 
increase  of  velocity  follows  the  ratio  of  decrease  of  capacity.  It 
follows,  therefore,  that  a  graduallj'  accelerating  velocity  takes 
place  immediately  below  the  confluence  of  the  sewers  throughout 
the  ramified  system  from  their  sources  to  their  outfalls,  and  such 
I  have  found  to  be  the  case. 

Egg-shaped  sewers,  varying  in  capacity  according  to  the  area, 
the  number  of  houses  to  be  drained,  and  the  quantity  of  water  to 
be  discharged,  from  9  inches  wide  by  1  ft.  3  in.  high,  to  1  ft.  6  in. 
wide  by  2  ft.  6  in.  high,  would  suffice  for  sewers  on  summit  levehs, 
and  also  for  branch  or  collateral  sewers  which  had  to  receive  the 
drainage  of  from  one  to  twelve  or  more  ordinary-sized  streets. 
Of  course  the  secondary  mains  which  would  have  to  carry  off  the 
water  from  these  branch  or  collateral  sewers,  as  well  as  the  prin- 
cipal main  lines  into  which  the  secondary  ones  would  discharge 
themselves,  must  be  larger  in  proportion ;  but  under  a  proper  ar- 
rangement, fewer  principal  lines  would  be  required. 

Instead  of  discharging  a  large  body  of  water  uselessly,  as  t» 
any  power  of  sweep,  I  would,  under  the  system  of  constant  and 
concentrated  supplies  and  smaller  sewers,  economise  the  water  by 
using  it  to  scour  several  small  sewers  instead  of  one  large  one. 
For  this  reason  I  would  prefer  having  more  outlets,  or  at  least 
more  catch-water  sewers,  instead  of  discharging  all  the  drainage 
by  one  large  main  sewer  throughout,  although  at  or  near  the 
outlet,  I  might  probably  be  obliged  to  lead  the  whole  of  the  water 
into  one  main  line ;  but  I  should  not  like  to  part  with  it  into  a 
main  line  until  I  had  made  it  serviceable  in  sweeping  as  many 
sewers  as  possible.  As  the  keeping  of  all  sewers  thoroughly 
washed  out  is  necessarily  dependent  upon  an  abundant  supply  of 
water,  the  principle  which  I  have  thought  it  best  to  follow  for  that 
purpose  is  to  tie  and  connect  all  the  sewers  together  upon  a  uniform 
system  of  levels  so  as  to  use  the  water  running  along  sewers  on 
high  levels  for  washing  out  those  on  low  levels.  For  this  purpose, 
as  will  be  seen  by  the  plans,  (Plate  V.,  figs.  2,  3,  and  t),  I  would 
connect  the  heads  of  adjoining  sewers  below  with  the  superior 
sewers  above  them,  and  arrange  the  connections  so  that,  as  the 
currents  of  water  running  along  the  latter  sewers  arrive  opposite 
the  connections,  they  may  divide  and  subdivide  themselves  by  the 
ridges  or  groynes  formed  by  the  meeting  of  the  inverts.  By  this 
means  the  water  would  traverse  from  one  sewer  to  another,  and  a) 
keep  up  a  perpetual  flow  throughout  the  entire  system.  There 
can  be  no  doubt  that  with  much  smaller  sewers  than  those  now  i4i 
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use,  and  a  more  regular  and  abundant  supply  of  water,  the  sewers 
would,  by  this  system  of  arranging  them  and  economising  tlie 
currents,  keep  themselves  thoroughly  clean. 

All  head  sewers,  horn  want  of  backwater,  have  a  tendency  to 
choke  up,  and  their  ventilation  is  also  very  bad,  consequently  there 
^ould  be  as  few  of  them  as  possible. 

The  general  surface  of  the  metropolis,  on  the  north  side  of  the 
Thames,  is  most  admirably  situated  for  being  efficiently  drained, 
as  the  ground  continues  to  rise  with  an  easy  acclivity  from  the  river 
to  tlie  hills  some  miles  to  the  northward.  The  surface  is  divided 
into  several  natural  areas,  each  of  %vhich  has  its  main  outfall  sewer 
nmning  through  the  lowest  level  of  the  valley,  and  discharging 
into  the  Thames,  and  into  these  main  or  valley  sewers  the  whole 
of  tlie  sewers  on  the  sides  of  the  declivities  discharge  themselves. 
This  mode  of  drainage  is  a  very  objectionable  one,  and  should 
never  be  resorted  to  if  it  be  possible  to  avoid  it.  The  declivities 
of  ail  natural  areas  are  generally  in  two  directions,  namely,  trans- 
versely towards  the  valley  line,  and  longitudinally  towards  the 
outfall.  Now,  if  attention  be  paid  to  the  levels,  and  the  sewers 
on  the  sides  of  the  declivities  be  judiciously  arranged,  a  perpetual 
circulation  of  water  may  be  kept  flowing  throughout  the  whole  of 
them  from  the  sewer  on  the  summit  at  the  head  of  the  natural 
area  to  the  outfall  in  the  river ;  that  is  to  say,  a  system  of  col- 
lateral or  concentric  sewers  should  rise  one  al)Ove  another  from 
the  valley  line  to  the  ridge  or  water-shed  line  of  the  district ;  each 
collateral  sewer  skirting  tlie  entire  area,  and  discharging  itself 
into  the  river  by  a  separate  outlet,  or  in  the  manner  previously  re- 
ferred to.  It  will  be  seen  that,  when  the  sewers  running  trans- 
versely are  connected  at  their  upper  and  lower  ends  on  the  same 
levels  with  those  running  longitudinally,  a  facility  is  afforded  for 
the  drainage  to  circulate  from  the  highest  sewer  to  the  one  imme- 
diately below,  from  this  to  the  one  next  lowest,  and  so  on  through- 
out. 

Mr.  Phillips  proposes  fourteen  graduated  forms  of  branch  se- 
condary and  principal  main  lines  of  sewers  of  the  egg-shape  for 
the  di-ainage  of  a  district  in  which  the  sewers  and  the  water  supply 
are  under  one  and  the  same  authority.  Fig.  13,  Plate  V.,  shows  the 
form  of  one  of  the  sewers  together  with  the  radii  of  the  several 
curves. 
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Width. 

No. 

Height. 

Width. 

ft.    in. 

ft.     in. 

ft.    in. 

ft.    in. 

1 

6     8 

4     0 

8 

3     9 

2     3 

2 

6     3 

3     9 

9 

3     4 

2     0 

3 

5   10 

3     6 

10 

2   11 

1     9 

4 

5     5 

3     3 

11 

2     6 

1     6 

5 

5     0 

3     0 

12 

2     1 

1     3 

6 

4     7 

2     9 

13 

1      8 

1     0 

7 

4     2 

2     6     ' 

14 

1     3 

0     9 

Much  caution  is  required  in  the  building  of  sewers  in  a  clayey 
soil ;  otherwise,  from  the  treacherous  character  of  this  ground — 
its  liability  to  expand  and  slip, — the  sewers  may  be  forced  in. 
The  tliickness  of  a  sewer  should  be  proportioned  to  the  nature  of 
the  ground  and  the  pressure  it  has  to  bear  ;  but  its  stability  is  very 
mudi  dependent  on  the  goodness  of  the  workmanship.  A  half- 
hi-ick  sewer,  under  ordinary  circumstances,  will,  if  executed  well 
and  soundly,  the  joints  made  thin,  and  the  sewer  worked  true  to 
the  curve,  be  quite  strong  enough,  and  would  be  found  to  answer 
eva-y  required  purpose.  The  thicknesses  depend  upon  the  ma- 
terial and  strata.  The  equilibration  may  be  altogether  destroyed 
by  a  want  of  uniformity  in  the  working  of  the  curve.  The  greatest 
pressure  of  the  ground  acts  laterally  from  the  sides  downwards. 
Much  of  this  pressure  may  be  prevented  by  leaving  in  the  trench 
from  the  surface  downwards  short  lengths  of  earth,  say  of  10  to 
'iO  feet,  and  about  50  to  80  feet  apart,  to  be  tunnelled  through  for 
the  sewer  to  pass.  These  benchings,  as  they  are  termed,  will  keep 
the  sides  of  the  trench  from  sinking  and  slipping,  and  so  from 
jM-essing  against  the  sides  of  tlie  sewer. 

The  smootJier  the  surface  the  less  will  be  the  friction,  and  con- 
sequently the  greater  will  be  the  velocity  and  discharge  ;  and  the 
friction  in  a  glazed  pipe  must  be  considerably  less  than  in  a  brick 
drain,  as  commonly  built.  I  am  not  prepared  to  say  that  the 
friction  would  be  diminished  so  much  as  one-third ;  I  think  not  so 
much.  The  smoothest  glass  pipes  throw  off  traus^'erse  motions 
which  greatly  impede  the  flow.  There  is  a  difference  in  the  flow 
•f  pure  clean  water  and  of  sewage  water ;  the  latter  moves  more 
sluggishly.     This  is   caused  by  its  being  thicker  and  more  viscid. 


from  having  matter  chemically  combined  and  mechanically  sus- 
pended in  it. 

As  the  velocity  increases,  so  does  the  transverse  section  of  tlie 
area  occupied  by  the  stream  decrease.  This  is  a  natural  law  ob- 
servable in  all  moving  streams,  for  we  see  that  in  a  mo\ing  mass 
of  water  the  discharge  is  the  same,  whatever  form  and  size  tlte 
channel  may  assume,  the  velocity  being  greater  where  tlie  channel 
is  narrow  and  deep,  and  less  where  it  is  wide,  flat,  and  irrcguliir; 
but  the  exact  ratio  of  decrease  of  area,  from  decrease  of  friction 
aud  increase  of  flow,  can  only  be  determined  by  actual  experiment 
and  by  taking  into  account  all  the  attendant  circumstan«es  which 
influence  and  govern  the  motion  of  the  stream. 

Have  you  at  all  considered  the  capacities  of  sewers  necessary  for 
draining  different  areas  of  ground? — Yes,  I  have  given  the  subject 
much  attention.  If  the  consideration  of  the  sizes  of  sewers  was 
confined  solely  to  the  carrving  off  the  water  supplied  by  the  several 
water  companies,  then  I  apprehend  that  pipes  somewhat  larger  in 
size  than  the  siip])ly-pipes  themsehes  would  suffice ;  but  provision 
has  to  be  made  for  receiving  and  conveying  away  the  waters  of 
heavy  rains.  In  London  continuous  heavy  falls  of  rain  are  not  of 
long  duration,  lasting  seldom  more  than  from  one  to  four  hours. 
About  one-fifth  of  the  quantity  that  falls  is  absorbed  partly  by  the 
dryness  of  the  surface  of  the  roofs,  the  paving,  and  the  ground 
and  partly  by  the  porosity  of  the  ground  itself.  A  farther  propor- 
tion is  also  prevented  from  ffowiiig  to  the  drains  and  sewers  at  all 
by  hollows  in  the  surface,  and  again  reascends  into  the  atmosphere 
as  vapour.  There  is  also  a  small  quantity  that  enters  into  the 
composition  of  animal  and  vegetable  bodies.  Then  there  is  the 
resistance  the  flow  experiences  from  the  friction  of  the  entire  sur- 
face, being  accelerated  or  detained  in  proportion  as  the  surface  is 
more  or  less  inclined.  To  provide  for  the  discharge  of  a  fall  of  rain 
of  two  inches  in  depth  has  been  considered  by  Mr.  Hawksley,  C.E., 
the  extreme  datum  upon  which  to  proportion  the  capacities  of 
town  sewers  generally.  Now  I  believe  that,  practically,  the  sizes 
in  his  table,  although  they  may  appear  theoretically  correct,  are 
(excepting  for  the  smallest  sizes)  too  large  for  sewers  in  London. 
It  is  extremely  violent  rains  alone  that  produce  a  depth  of  two 
inches  per  hour,  and  such  rains  occur  only  once  in  four  or  five 
years,  if  so  much.  I  am  of  opinion  that  it  is  unnecessary  to  pro- 
portion the  sizes  of  the  sewers  to  meet  an  extraordinary  occurrence 
that  may  probably  happen  only  once  in  so  many  years.  My  reason 
for  not  fearing  any  serious  damage  from  an  excess  of  rain  at  remote 
intervals  being  provided  for  in  surface  channels,  excepting,  pei»- 
haps,  in  situations  peculiarly  liable  to  inundation  (for  instance,  at 
the  foot  of  a  long  or  steep  declivity,  or  where  the  waters  may, 
from  any  cause,  be  suddenly  congregated  at  one  focus)  is,  that  I 
have  obser^•ed,  that  in  towns  entirely  destitute  of  undei-gi-ound 
drains,  no  such  inconvenience  is  felt  as  would  justify  the  formation 
of  enormously  large  sewers,  or  the  e.xpenditure  ot  large  sums  of 
money  to  provide  against  it.  In  August  1846,  a  most  extraordinary 
fall  of  rain  occurred  in  London.  The  storm  lasted  nearly  two 
hours,  and  from  the  best  information  I  have  been  able  to  obtain, 
the  depth  of  rain  amounted  to  about  four  inches.  Much  damage 
resulted  therefrom,  by  the  water  in  the  principal  main  lines  situate 
in  the  valleys  flowing  up  the  drains  and  branch  sewers,  and  inun- 
dating the  rooms  and  cellars  below  its  level  by  the  influence  of  its 
pressure.  The  inundation  of  lands  and  the  damaging  of  property 
in  the  valleys  could  not  happen  if  there  were  parallel  catch-water 
lines  of  sewers  on  the  sides  of  the  declivities  to  convey  the  drainage 
into  the  river  by  separate  outlets.  The  average  fall  of  rain  in 
London  is  about  22  inches  in  a  year,  or  about  2i  inches  in  depth 
per  thousand  hours.  Now  after  observing  and  calculating  the 
depths  of  different  falls  of  rain  in  London,  it  appears  to  me  that  if 
the  sewers  were  of  sufficient  capacity  to  receive  and  discharge,  as 
fast  as  it  falls,  a  quantity  of  water  equal  to  the  produce  of  a  full  of 
rain  of  one  inch  in  depth  per  hour,  they  would  be  found  large  enough, 
and  that  more  particularly  if  they  were  built  on  the  intercepting 
or  catch-water  principle,  and  so  as  to  communicate  with  each  other, 
and  all  be  filled  with  running  water  at  the  same  time.  The  steps 
to  be  taken  to  proportion  the  capacities  of  sewers  to  receive  and 
convey  away  the  waters  of  heavy  rains  should,  I  think,  be  as  fol- 
low, although  I  fully  admit  our  present  knowledge  of  the  subject 
to  be  very  elementary : — 

To  ascertain  the  number  of  superficial  yards  or  acres  to  be  drained 
by  each  sewer  separately  ;  progressing  in  a  uniform  gradation  frofl-i 
the  entire  natural  area  to  be  drained  by  the  largest  outfall  sewer, 
to  the  small  tract  of  land  to  be  drained  by  the  least  sewer  on  the 
summit.  Taking  the  hourly  fall  of  rain,  therefore,  upon  one  acre 
at  one  inch  in  depth,  we  must  provide  for  the  discharge  of  a  quan- 
tity of  water  (•'-?^#i')  =:  3630  cubic  feet  per  hour,  or  one  cubic  foot 
nearly  per  acre  per  second.     Then  taking  into  account  the  loss 
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from  absorptiiin,  t]ie  detention  from  friction,  and  otherwise,  that 
(luaiitity  mifrht  lie  reduced  to  four-fifths  of  a  culiic  foot,  but  as  the 
cjirryiiii,^  off  the  waste  water  of  the  entire  of  London  must  be  pro- 
vided for  at  the  same  time,  one  cubic  foot  may,  I  think,  be  con- 
sidered as  tlie  datum  upon  which  to  calcuhite  the  capacities  of 
sewers  sufficient  for  conveyinf;  away  that  (piantity  of  water  per 
second  multijilied  by  the  number  of  acres  to  l)e  drained.  The 
quantity  of  rain-water  draininff  from  an  acre  of  frround  in  one 
second  of  time  may  be  determineil  by  first  ascertaininf;  the  exact 
area  of  surface  ilrained  by  some  lartre  main  sewer;  and,  secondly, 
during  the  time  of  the  storm,  the  quantity  of  water  passing  through 
the  sewer  in  one  second  ;  then  the  number  of  cubic  feet  of  water 
discharu;ed,  divided  by  the  number  of  acres  drained,  will  give  the 
number  of  cubic  feet  of  rain  draining  from  the  surface  of  each  acre 
per  second. 

The  area  of  surface  that  a  sewer  will  drain,  and  the  quantity  of 
water  that  it  will  discharge  in  a  given  time,  will  be  greater  or  less 
in  proportion  as  the  channel  is  inclined  from  a  horizontal  to  a  ver- 
ticiil  position.  The  ordinary  or  common  run  of  water  in  each 
sewer,  due  from  house  drainage  alone,  and  irrespective  of  rain, 
should  have  sufficient  velocity  to  prevent  the  usual  matter  dis- 
charged into  the  sewer  from  depositing.  For  this  purpose  it  is 
necessary,  as  I  ha\'e  previously  observed,  that  there  should  be  in 
each  sewer  a  constant  velocity  of  current  equal  to  2S  feet  per 
second,  or  if  mile  per  hour.  The. inclinations  of  all  rivulets, 
brooks,  streams,  and  rivers  gradually  and  proportionally  diminish 
as  they  progress  from  their  sources  to  their  outfalls.  In  propor- 
tion as  the  inclinations  diminish  so  does  the  quantity  of  water  in- 
crease. If  the  inclinations  were  the  same  throughout,  the  velocity 
of  the  united  stream  at  each  confluence  would  increase  in  nearly 
the  same  ratio  as  its  quantity,  or  equal  to  the  sum  of  the  previous 
velocities  of  the  recipient  and  the  feeder,  and  thus  would  the  velo- 
city ultimately  become  so  very  impetuous  as  to  tear  up  and  sweep 
away  the  materials  of  its  bed,  and  cause  destruction  along  its  banks. 
If  the  force  of  the  waters  of  the  river  Rhone  were  not  absorbed  by 
the  operation  of  some  constant  retardation  in  its  course,  the  stream 
would  have  shot  into  the  Bay  of  Marseilles  with  the  tremendous 
velocity  of  210  feet  in  a  second,  or  let  miles  every  hour ;  and  even 
if  the  river  Thames  met  with  no  system  of  impediments  in  its 
course,  the  stream  would  have  rushed  into  the  sea  with  a  velocity 
of  80  feet  per  second,  or  54A  miles  in  an  hour.  The  result,  how- 
ever, of  the  operations  of  nature  is  a  compensation  for  the  increased 
body  of  water  by  a  diminution  of  the  inclination  of  the  bed,  and  so 
an  economising  of  the  force  of  the  gradually  accumulating  current. 
The  inclinations  of  the  sewers  of  a  natural  district  should  be  made 
to  diminish  from  their  heads  to  their  outfalls  in  a  corresponding 
ratio  of  progression,  so  that  as  the  body  of  water  is  increased  at 
Cflch  confluence,  one  and  the  same  velocity  and  force  of  current 
may  be  kept  up  throughout  the  whole  of  them. 

In  some  situations  I  would  build  side  entrances  to  a  tubiJar  sys- 
tem of  sewers ;  but  I  believe  their  use,  in  some  degree,  might  be 
superseded.  Means  of  access  to  the  sewers,  so  as  to  be  able  to  get 
at  and  remove  accidental  obstructions,  would  readily  suggest  them- 
selves. A  shaft,  having  a  strong  moveable  grating  on  top,  could  be 
built  over  the  sewer,  with  ladder-irons  built  in  the  angles,  to  admit 
a  man  to  go  down  and  up,  with  a  recess  at  the  bottom  on  one  side 
to  give  room.  This  shaft  may  be  also  made  to  serve  as  a  ventila- 
tor.    (See  figs.  6  and  6,  Plate  V.) 

Giilli/  Drains. — I  have  constructed  gully  drains  with  terro-me- 
tallic  and  glazed  stone- ware  pipes  of  6  inches  and  9  inches  diameter, 
a.s  shown  in  figs.  7,  8,  9,  and  10.  I  was  led  to  recommend  the 
adoption  of  this  mode  of  construction  from  the  following  causes  : — 
111  passing  through  the  sewers  I  found  lying  opposite  the  vents  of 
a  large  number  of  the  gully  drains  heaps  of  stones,  and  all  kinds  of 
streets  refuse,  which  it  was  utterly  impossible  for  the  water  to  re- 
move. The  dams  thus  formed  caused  the  sewage  to  accumulate 
behind  them,  and  the  noxious  effluvia  evolved  from  the  decompos- 
ing matter  escaped  into  the  streets  by  the  gullies,  and  occasioned 
much  of  the  annoyance  felt  by  passengers.  The  best  remedy  for 
this  evil  appeared  to  me  to  be  to  prevent  the  stones  and  street  re- 
fuse from  passing  into  the  sewer.s,  t  ■  build  the  drains  so  that  they 
woTild  not  choke  up,  and  to  prevent  the  emission  of  foul  air  from 
the  sewers  into  the  streets  by  the  gullies.  We  have  accomplished 
the.se  things  most  perfectly,  by  reducing  the  width  of  the  spaces  to 
I  inch  between  the  bars  of  the  guUy  grates,  by  constructing  the 
drains  of  the  form  shown  by  the  section  from  the  gully  to  the 
sewer,  and  by  fixing  at  the  vent  an  air-tight  cast-iron  valve  or  flap, 
hung  with  shackles,  as  shown  in  figs.  11  and  12.  A  grating  of 
trellis-work  or  cullender  is  placed  under  the  top  grating,  at  the 
bottom  of  the  box,  for  the  purpose  of  catching  small  stones  and 
rubbish  that  may  pass  between  the  bars  of  the  grate  above,  and  so 


to  prevent  them  from  falling  into  and  choking  up  the  sewers.  I 
have  not,  as  yet,  mtule  use  of  the  lower  gr.itiug,  but  probably,  I 
should  be  induced  to  do  so  in  connection  with  a  tubular  system  of 
sewers,  as  it  is  important  to  keep  large  and  heavy  substances  and 
refuse  out  of  the  drains  and  sewers.  I  may  state  that  as  a  proof  of 
the  efficacy  of  the  foregoing  mode  of  constructing  the  gully-drains 
with  the  improved  grate,  the  labour  and  expense  of  cleaning,  not 
only  of  the  gully-drains,  but  of  the  sewers  as  well,  is  now,  com- 
paratively speaking,  nothing  compared  to  what  they  used  to  be, 
and  I  confidently  entertain  an  opinion  that  the  labour  and  expense 
will  be  still  less  and  less." 

Mr.  Phillips  has  just  produced  his  report  on  the  improvement  of 
the  drainage  of  Westminster,  and  which  has  been  printed.  This 
document  is  of  great  importance,  and  we  are  pleased  to  see  that 
most  of  our  suggestions  on  this  subject  have  been  adopted,  parti- 
cularl)'  with  reference  to  turning  part  of  the  drainage  into  the 
Regent  Street  Commissioners'  Sewers.  Mr.  Phillips  proposes  to 
divert  the  high  level  streams  to  a  station  at  the  east  end  of  Dun- 
cannon-street  in  the  Strand,  to  bring  the  AVestminster  drainage  to 
the  same  station,  and  to  apply  the  natural  power  thus  to  be  ob- 
tained to  work  two  water-wheels  of  the  most  approved  construp- 
tion,  with  revolving  buckets  and  plunger-pumps  attached,  to  lift  the 
drainage  from  the  well  or  receiving  reservoir  below,  and  dischai^e 
the  same  into  channels  communicating  with  the  upper  stream  on  a 
level  with  high  water,  beyond  the  tail  of  the  wheels.  The  sewage 
wUl  then  be  carried  under  the  side-bed  of  the  river  into  low-water 
stream. 

Below  we  give  a  summary  of  Mr.  Phillips'  estimates,  which  make 
a  total  of  £28,874  lis. 


Summary 

of  the  Estimates. 

Feet  Run. 

Class 

Internal 

Sectional  i       Price 

Totals.               1 

No. 

Diameter. 

Area.        per  Foot. 

In.           In. 

leet 

8.        d. 

£ 

8.      d. 

8,118 

1 

50    X    30 

8-19 

14     0 

5,682 

12     0 

4524 

2 

40    X    24 

5-23 

10     0 

2.262 

0     0 

2,086 

3 

30    X     18 

3-64 

6     0 

625 

16     0 

9,599 

4 

20    X     12 

1-31 

4     6 

2,159 

15     6 

18,709 

5 

174 X    lOi 

1- 

4     0 

3,741 

16     0 

53,284 

6 

15    X      6 

0-73 

3     3 

8,658 

13     0 

7,699 

7 

12    X      74 

0-56 

2     6 

962 

17     6 

9,742 

8 

9x6 

029 

2     0 

974 

4     0 

113,761 

(  = 

4s.  hd.  per  foot 

run,  nearly.) 

£25,067 

14     0 

Estimate  for  building  a  Gully  Drain,  average  length  20  feet. 

&  s.  d. 

Six  cubic  yards  Digging,  itc,  at  Is.  6d.         ..          ..      0  9  0 

Twenty  feet  run  of  4  in.  Pipe,  at  84d 0  14  2 

Gully  Grate  (about   \\  cwU)    including   bedding    and 

fixing            ..          ..      0  16  0 

Total     ..         ..  £1  19     2 
About  400  Gully  Drains  will  be  required,  which  at,  say  11.  each,  amounti 

to         £800     0     0 

Estimate  for  building  a  Sewer  along  Pall-Mall-East,  Trafalgar-square,  Dun- 
cannon-street,  Strand,  and  Villiers-street,  for  diverting  the  Western  and 
Eastern  branches  of  the  Hartshorn-lane  Main  sewer, — being  a  length  of 
2,230  feet,  at  18s.  per  foot £2,007     0    0 

Estimate  for  Two  Water  Wheels,  with  complele  Lifting  Machinery 
attached,  and  including  all  necessary  work. 

£  I.    d. 

Brickwork— say  40  rods  at  10/.        400  0     0 

Two  Water  Wheels,  at  200i 400  0     0 

Lifting  Machinery — say  200  0    0 

Total      ..      £1,000    0     0 


REFERENCE  TO  ENGRAVINGS,  PLATE  V. 

Fig.  5.— Section  of  Shaft  on  A  A. 

Fig.  6.— Plan  nt  Shaft. 

Fig.  7.— Section  of  Gully  Drain  from  Grating  to  Sewer. 

Fig.  8.— Plan  of  Gully  and  Grallng. 

Fig.  9.— Transverse  Section  of  Gully  and  Grating  on  A  B. 

Fig.  10.— Longitudinal  Section  of  Gully  and  Grating  on  C  D. 

Fig.  11.— Section  of  Drain  and  Flap  at  Vent. 

Fig.  12. — Front  View  of  Flap. 

Fig.  13.— Mode  of  Striking  ttw  Curves. 
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ON  THE  MOTION  OF  WATER.— By  Guido  Grandi. 

Tran.shited  bij  E.  Cresy,  Esq.,  in  his  Evidence  before  the  Metrnpo- 
Utan  Sanitary  Commi.inioiwrs. 

Our  author  has  taken  considerable  pains  to  construct  a  paraliolic 
table,  siven  in  his  work  (Book  2,  cap.  5)  ;  by  a  reference  to  which 
much  labour  will  be  saved  by  those  who  desire  to  make  similar  in- 
vestigations ;  he  thus  describes  it  :• — 

"  This  table  is  divided  into  three  columns.  The  first  containing: 
a  natural  series  of  luimbers  from  1  to  1800,  representing:  equal 
parts,  as  inches  or  other  measures.  These  numbers  are  the  heights 
from  which  tlie  water  falls.  The  second  column  contains  the  roots 
of  the  opposite  numbers  in  the  first,  and  expresses  tlie  velocity  of 
the  water,  corresponding  to  the  height  in  the  first  column,  in  inte- 
gers and  decimals :  when  the  root  is  somewhat  greater  than  the 
truth,  the  sign  -|-  is  prefixed,  and  when  less  -.  The  third  column 
contains  the  product  of  the  first  and  second,  and  must  be  read  off 
as  exceeding  or  falling  short  of  tlie  truth,  accoi'ding  as  tlifi  sign  -|- 
or  —  is  jirefixed  to  its  second  factor. 

It  is  clear  that  if  the  numbers  of  the  first  column  express  the 
height  of  a  jiarabola,  the  numbers  in  the  second  will  be  its  ordi- 
nates  wlien  its  latux  rectum,  or  parameter,  is  1  ;  or  at  least,  they 
will  be  proportional  to  the  ordinates  in  subduplicate  ratio  of  unity 
to  the  hittis  rectum  of  a  given  parabola,  and  the  numbers  in  the 
third  column  will  be  the  rectangles  circumscribing  the  parabola 
wMch  has  unity  for  its  latus  rectum,  and  will  be  moreover  propor- 
tional to  the  area  of  the  parabola,  H'hich  is  always  |rds  of  the  cir- 
cumscribing rectangle. 

If  the  parabola  lias  2j  for  its  latus  rectum  in  terms  of  the  first 
column,  all  its  ordinates  are  to  the  ordinates  of  the  parabola  of 
the  same  height,  having  1  for  its  latus  rectum,  in  subduplicate 
ratio  of  2^  to  1,  that  is,  as  li  to  1,  or  as  the  circumscribed  rect- 
ann:le  to  the  parabola,  it  is  clear  that  the  jiarabola  whose  latus 
rectum  is  2^-  wiU  be  equal  to  the  rectangle  which  circumscribes  the 
parabola  wliose  latus  rectum  is  unity ;  but  such  a  rectangle  is  equal 
to  the  product  of  the  base  by  the  height,  which  is  the  number 
opposite  in  the  third  column,  therefore  the  numbers  in  the  third 
column  express  the  area  of  a  parabola  whose  latus  rectum  is  2j,  and 
is  proportional  thereto  when  the  latus  rectum  is  any  other  quantity. 

Moreover,  since  the  numbers  in  the  first  column  express  the 
height  of  water  standing  in  a  vessel,  or  the  distance  of  each  par- 
ticle of  running  water  above  its  base,  and  the  numbers  in  the 
second  column  representing  the  velocity  caused  by  such  a  height, 
the  numbers  in  the  third  column  express  the  quantity  of  water 
which  will  issue  through  such  a  width  in  a  given  time,  through  a 
hole  or  section  whose  height  would  be  equal  to  the  whole  distance 
from  the  surface  of  the  water  or  origin  of  the  river,  and  the  base 
of  such  a  section  as  the  number  in  the  first  column. 

The  difference  of  numbers  of  the  third  column  will  be  the 
quantity  of  water  which  escapes  in  an  equal  time  through  a  hole 
or  section  of  equal  breadth,  and  of  a  height  equal  to  the  difference 
of  the  corresponding  numbers  of  the  first  column. 

By  adding  two  or  more  numbers  together  of  the  third  column 
we  shall  have  the  sum  of  the  quantity  of  water  carried  in  a  given 
time  through  several  canals  of  the  same  width,  whose  sections  corre- 
spond to  the  numbers  of  the  first  column  ;  and  in  the  aggregate 
of  such  numbers,  or  the  nearest  thereto,  in  the  third  column  will 
correspond  to  that  number  in  the  first,  which  indicates  a  height 
capable  of  comprising  the  channels  united,  as  will  be  better  under- 
stood by  the  following  examples : — 

1st.  Given  two  streams,  the  breadth  of  the  first  of  which  is  L  =r 
760  feet.  The  velocity  of  the  surface  B  E  corresponding  to  the 
fall  A  B  of  1  foot  (which,  according  to  Guglielmini's  table  is  equiva- 


M 


lent  to  216  feet  5  inches  per  minute,  that  is,  3J  feet  in  a  second, 
or  2J  miles  per  hour),  the  height  of  the  surface  B  C  =  30  feet, 
whence  A  C  31  feet ;  then  the  whole  parabola  A  E  D  C,  according 


to  the  third  column  of  our  table  opposite  31  feet,  will  be  found 
7175'88,  from  which  subtracting  the  parabola  A  E  B,  wliich  is 
found  in  our  third  column  to  be  4.1 '52,  tlie  parabolic  trapezium 
B  E  D  C  will  be  7134'36,  and  this  will  be  the  scale  of  the  velocity 
of  the  section  B  C,  wliich  multiplied  by  the  breadth  L  gives  a 
quantity  of  water  =  512211360. 

The  second  stream  ha\ing  a  width  M  =  139  feet,  its  superficial 
velocity  will  be  G  K,  depending  on  the  height  F  G,  8  inches 
(which  gives,  by  Guglielmini's  table,  a  velocity  of  176  feet  in  a 
minute,  rather  less  than  3  feet  in  a  second,  and  2  miles  56  perches 
in  an  hour).  The  height  of  its  surface  G  H  is  11  feet,  and  con- 
sequently F  H  1 1  feet  8  inches,  corresponding  in  our  third  column 
to  the  value  of  1656'20  for  the  parabola  F  K  I  H,  from  wliich  sub- 
tracting the  parabola  F  K  G,  which  our  table  gives  opposite 
8  inches  as  22-64,  there  remains  the  trapezium  GK  I  H  1633"56, 
which  is  the  scale  of  the  velocity  of  the  second  stream,  which, 
multiplied  by  the  width  M,  gives  the  quantity  of  water  passing  in 
a  given  time  tlirough  this  river  ^  227064'84  ;  whence  the  two 
quanties  carried  by  both  tlie  rivers  will  be  5649178'44.  Supposing 
they  flow  together,  without  increase  of  velocity,  B  E  ^  O  R ;  and 
let  the  height  O  P,  at  whicii  the  united  water  runs,  be  the  unknown 
quantity,  then  since  O  N  =;  B  A  through  R,  and  with  the  axis 
N  P,  describe  the  parabola  N  R  Q  P,  the  truncated  parabola 
O  R  Q  P  will  be  the  scale  of  the  velocity  of  the  united  rivers, 
which  multiplied  by  L  ^=  the  sum  of  the  two  quantities  =z 
5649178-44,  which  divided  by  L  gives  a  quotient  7433-13  =  the  pa- 
rabolic trapezium  O  R  Q  P,  and  adding  the  parabola  N  R  O  = 
41-52,  we  shall  have  the  parabola  N  R  Q  P  =  7474-65,  the  nearest 
number  to  which  in  the  table  is  7464-28,  corresponding  to  a  height 
of  31  feet  10  inches.  This  number  sought  being  rather  more  than 
the  tabular  value,  it  will  be  found  bv  proportional  parts  that  ^ 
must  be  added.  Therefore  N  P  =  31  feet  lOi  inches  and  O  P  = 
30  feet  10^  inches  ;  therefore  the  union  of  the  streams  raises  the 
level  B  C  10^  inches. 

But  if,  at  the  conflux  of  the  rivers,  the  velocity  B  E  augments, 
becoming  O  R,  so  that  the  height  N  O  depending  on  it  exceeds 
A  B  by  1  inch,  the  parabola  N  O  R,  corresponding  to  a  height  of 
13  inches,  will  equal  46-93,  which,  added  to  the  trapezium  R  OPQ, 
found  previously  to  be  743313,  we  shall  have  the  total  parabola 
N  R  Q  P  =  7480-06,  the  nearest  number  to  which,  7464-28,  corre- 
sponding to  31  feet  10  inches  ;  but  since  this  is  rather  too  little,  we 
must  add  ^  for  the  proportional  part  of  the  difference,  wlience  N  P 
=  31  feet  10^  inches  ;  from  which  N  O  =  1  foot  1  inch  being  sub- 
tracted, there  remains  O  P  =  30  feet  9i  inches,  making  the  total 
increase  in  this  case  9^  inches. 

But  if  we  suppose  "with  Guglielmini,  and  which  is  not  impro- 
bable according  to  actual  observation,  that  the  scale  of  a  velocity  in 
a  given  section  is  an  entire  parabola  and  not  a  truncated  one,  the 
velocity,  as  in  the  case  of  vessels  depending  only  on  pressure, 
whence  the  surface  alone  acquires  velocity  when  it  is  communicated 
by  the  lower  water  which  transports  it,  tlie  calculation  will  then  be 
more  quickly  effected.  Wherefore  A  C  =  30  feet,  the  height  of 
the  first  river,  and  F  H  =  11  feet,  height  of  the  second.  The 
parabola  A  E  D  C  =  6829-20,  in  our  table,  which,  multiplied  by 
the  width  L  760  feet,  gives  for  the  quantity  of  water  5190192-00, 
and  the  parabola  F  I  H  =  1516-68,  which  multiplied  by  the  width 
M  =  139  feet  —  210818-52,  whence  the  sum  =  5401010-52,  which, 
divided  by  the  width  L,  gives,  when  the  velocity  of  the  surface  is 
not  increased,  the  parabola  N  Q  P  =  7106-59,  corresponding  to  a 
height  of  30  feet  10  inches,  corresponding  in  the  table  to  the  number 
7118-80,  which  is  rather  more  than  the  preceding;  wherefore 
the  rise  will  be  10  inches. 

Then  if  the  velocity  of  the  two  rivers  increases  at  their  con- 
fluence, the  height  will  be  reduced  in  the  reciprocal  ratio  of  that 
velocity ;  so  that  if  the  velocity  be  increased  t^,  the  height  will 
be  reduced  to  30^  feet,  that  is,  the  increase  will  only  be  about 
6  inches ;  if  the  velocity  increases  Wr,  the  height  will  be  29  feet 
8  inches ;  so  that  the  height,  in  place  of  increasing,  will  actually 
be  reduced  about  4  inches  by  the  union  of  the  two  streams ;  so 
likewise  the  height  30  feet,  will  remain  precisely  the  same  when 
the  velocity  is  increased  by  ^,  since  37  :  36  ; ;  30  feet  10  inches  ; 
30  feet. 

Example  2. — The  influent  C  B  D  R  in  a  given  point  of  its  bed 
has  the  height  O  H,  having  a  free  influx  into  the  recipient  R  M, 
when  it  is  low,  and  its  superficial  velocity  in  H  is  what  would 
correspond  to  a  height  A  H  of  4  feet.  Then,  raising  the  level  N  S 
of  the  recipient,  regurgitation  follows  through  the  level  of  the 
influent.  It  is  required  to  find  the  increase  in  the  height  O  H  =  7 
feet  }  Suppose  it  to  increase  as  far  as  Q,  draw  the  parabola  A  K  R, 
with  its  ordinates  H  Y,  Q  K  ;  let  O  S,  cut  off  by  the  prolongation 
of  the  level  of  the  recipient,  =  3  feet  ;  the  whole  height  A  O  will 
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be  11  feot,  and  by  tlie  table  t!ie  parabola  A  O  R  =  1516  68  ;  the 
other,  A  II  V,  4  feet  bij.^li,  will  be  332'6t;  whence  the  trapezium 
H  Y  R  ()  will  be  the  scale  of  the  velocity,  ami  tlie  ((uaiitity  of 
water  passim;  in  a  yiven  time  t'irou:;h  the  section  II  ()  ^  IlKt'Ot. 
if  the  parabola  S  I'  ()  be  .'5  feet  liigh,  its  value  in  the  table  = 
216'0U;  then  the  parabolic  trapezium  t^  K  Y  H,  beina:  eciualtothe 
aforesaid  parabola  S  1*  t),  will  be  SIO'OO,  which  substituted  from  the 
total  value  of  A  H  Y,  there  remains  the  parabola  A  Q  K  =  116-61.. 


I  his  numl)er  not  beina:  precisely  to  be  found  in  our  table,  find  the 
ne.\t  highest,  =:  U7-60,  wliich  corresponds  to  a  height  of  2  feet; 
whence  we  arrive  at  tiie  conclusion  tliat  the  regurgitation  at  the 
point  O  has  raised  the  water  2  feet  more  than  the  first,  supposed 
to  be  4  feet." 

To  facilitate  the  practical  application  of  the  principles  con- 
tained in  Grandi's  proposition,  the  following  rules  will  be  found 
convenient  : — 

The  height  and  width  of  the  section  of  both  the  influent  and 
the  recipient  being  given  in  each  case  and  their  velocity  being  equal. 

1.  When  the  velocity  of  the  united  streams  is  the  same  with 
that  of  each  separately,  to  find  the  increased  height  of  the  united 
section. 

Find  in  the  table  the  parabolic  value  in  the  third  column  corre- 
sponding to  the  given  height  of  the  recipient  in  the  first.  Multiply 
this  value  by  the  given  width.  Perform  the  same  operation  for 
the  influent,  we  shall  then  have  obtained  the  quantity  of  water 
brought  down  by  each.  Add  these  two  quantities  together.  Divide 
their  sum  by  the  width'  of  their  united  section,  which  may  be 
either  that  of  the  influent,  or  of  the  recipient,  ot  greater  or  less 
than  either.  Find  the  quotient  obtained  by  such  division  in  the 
tlurd  column  of  tlie  table,  opposite  to  it  in  the  first  will  be  found 
the  height  of  the  united  sections. 

2.  When  the  velocity  of  tlie  united  streams  is  increased,  to  find 
the  height  of  their  united  section. 

Divide  the  height  found  by  the  preceding  rule  by  the  number  of 
times  by  which  the  velocity  is  increased,  the  quotient  is  the  height 
of  the  united  sections. 

3.  When  tiie  velocity  of  the  united  streams  is  diminished,  to 
find  the  height  of  their  united  section. 

Multiply  the  height  found  by  our  first  rule  by  the  number  of 
times  by  which  the  velocity  is  diminished,  the  product  gives  the 
required  height. 

4.  When  the  height  of  the  united  streams  remains  the  same,  to 
find  their  increased  velocity. 

Divide  the  height  as  found  by  the  first  rule  by  the  original 
height,  the  quotient  will  give  the  increased  velocity. 

5.  When  the  height  of  the  united  streams  is  increased,  to  find 
their  velocity. 

Divide  the  height  found  by  the  first  rule  by  the  increased  height, 
the  quotient  gives  the  diminished  velocity. 

6.  AVhen  the  height  of  the  united  streams  is  diminished,  to  find 
their  increased  velocity. 

Divide  the  height  found  by  the  first  rule  by  the  diminished 
height,  the  ipiotient  will  be  the  increased  velocity. 

To  exemi)lify  these  rules  a  small  table  is  subjoined,  constructed 
from  Grandi's  data,  that  is,  supposing  a  stream  760  feet  wide  and  30 
feet  high  to  receive  successively  1,  2,  3,  4,  5,  6,  7,  8,  9,  10,  11,  12, 
similar  influents.  The  first  column  contains  the  number  of  influ- 
ents ;  the  second,  the  height  caused  by  the  addition  of  these  suc- 
cessive streams  as  calculated  by  our  first  rule,  that  is,  supposing 
the  velocity  to  remain  the  same ;  the  third  column  shows  the  in- 
creased height  found  by  Gennete,  the  original  height,  20  feet,  being 
here  increased  by  the  addition  of  ,j,  ,1,  fj,  &c.  The  fifth  column 
shows  the  increased  velocity  requisite  to  produce  the  height  shown 
in  the  third ;  thus  supposing  a  stream  760  feet  wide  and  30  feet 
high  to  receive  two  other  similar  streams,  the  increased  height, 


according  to  Gennete,  will  be  30  feet  7'6  inches,  and  to  produce 
such  a  height  the  required  velocity  will  be  r97233.  Either  of 
these  numbers  is  deducible  from  the  other  by  one  of  the  preceding 
rules;  thus,  sujiposing  the  height  30  feet  7 '6  inches  to  be  given, 
and  the  velocity  to  be  required,  by  Rule  5,  dividing  62  feet  i'G 
inches  by  30  feet  7-6  inches  we  obtain  a  quotient  of  1-97233. 
Suiiposing,  on  the  other  hand,  the  velocity  1-97233  to  be  given,  we 
olitain  the  height  by  Rule  2,  since  62  feet  4-6  inches  -;-  1-87233 
=  30  feet  7-6  inches.  The  fourth  column  shows  the  increased 
velocity  required  to  maintain  a  constant  height  of  30  feet,  and  is 
found  bv  Rule  4. 


No    of 

Increased  Height 

Height  as  given 

Velocity  to 

1 
Velocity  to  pro- 

Sireains. 

tor  a  Constant 

by 

mainiain  a  Con. 

duce  Genneie'a 

Velocity. 

Genuet^. 

staot  Height. 

Height. 

Ft.     In.     ' 

Ft.     In.     ■ 

1 

30     0     0 

30     0     0 

•      • 

2 

47      7      6 

30     3     9 

1-58475 

1-34203 

3 

02     4     6 

30     7     6 

2-07'JlG 

1-97233 

4 

75     8     0 

31     3     0 

2-52222 

2-42133 

5 

87     8     0 

31   10     6 

2-92222 

2-75032 

e 

99     1     0 

32     6     0 

3-:tU277 

3-04897 

7 

109   10     0 

33     1     6 

3-60111 

3-31572 

8 

120     0     0 

33     9     0 

4-00000 

3'55d55 

9 

12'J     9     0 

34     4     6 

4-32500 

3  77454 

10 

139     2     0 

35     0     0 

4-63888 

397618 

11 

1J8     5     0 

35     7     6 

4-94722 

4-66081 

12 

157     3     0 

36     3     0 

5-23333 

4-33793 

It  is  found  that  the  several  increments  of  either  height  or  velo- 
city are  as  the  ordinates  of  a  parabola  whose  axis  is  divided  into 
the  same  number  of  parts  as  there  are  required  velocities.  Hence 
an  elegant  method  of  finding  the  intermediate  heights  or  velocities 
when  the  two  extremes  are  given.  Suppose,  for  example,  w-e 
require  to  find  the  several  heights  indicated  in  our  first  column. 
Find  tlie  height  required  for  twelve  streams  by  our  Rule  1,  Draw 
A  B,  and  from  a  scale  of  equal  parts  set  oS'  157  feet  3  inches  from 


A  to  C,  at  A  erect  a  perpendicular  A  D  to  A  B,  and  set  off  twelve 
equal  parts  thereon,  and  draw  through  the  points  I,  2,  3,  &c., 
lines  parallel  to  A  B,  on  the  parallel  I  E,  set  otf  the  first  height 
30  feet  from  the  same  scale  as  A  C.  Then  by  Rule  1  find  the 
height  of  any  one  of  the  intermediate  streams,  as  6,  and  set  it  oflF 
from  6  to  F,  then  through  the  points  E,  F,  C,  describe  a  parabola, 
the  portion  cut  ofi'  on  each  ordinate  by  the  curve  will  be  the 
several  numbers  given  in  the  table  as  measured  by  the  scale  from 
which  I  E,  6  F,  and  A  C  were  taken ;  the  abscissas  1,  2,  3,  &c., 
may  be  set  ofi"  by  any  scale,  providing  they  are  equidistant,  and 
according  as  they  are  wider  or  narrower,  will  the  parabola  in- 
crease or  diminish  its  curvature.  It  is  evident  that  in  the  case  of 
100  additional  streams  the  labour  of  calculation  will  be  materially 
shortened,  as  no  more  than  three  values  need  ever  be  found  arith- 
metically. 

In  like  manner  either  of  the  other  values  shown  in  our  table 
may  be  represented  parabolicallv.  Column  5,  for  example,  by 
setting  otf  1-34203  on  I  E,  4-33793  on  A  B,  3-04897  on  6  F,  and 
describing  a  parabola  through  those  points. 
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BLACKWALL  RAILWAY  MACHINERY. 


Description  of  the  Machinery  erected  by  Messrs.  Maudslay,  Sons, 
and  Field,  at  the  Minories  Station,  for  um-king  the  London  and  B/ack- 
viall  Railway.  By  Andkew  John  Roblrtson.— (Read  at  tlie 
Institution  of  Civil  Engineers). 

The  London  and  Blackvvall  Railway  is  about  3f  miles  in  length, 
and  is  worked  by  stationary  engines  of  the  estimated  force  of 
448  H.  P.  and  280  H.  P.,*  at  the  London  and  Blackwall  termini  re- 
spectively :  the  carriages  being  attached  by  grips  to  a  rope,  which 
is  wound' oif  and  on  to  large  drums  situated  at  each  extremity  of 
the  line.  The  greater  power  is  required  at  the  London  station,  in 
consequence  of  tliere  being  a  total  rise  in  the  railway,  in  this  direc- 
tion, of  between  60  and  TO  feet  (average  68  feet)  ;  the  steepest  in- 
dination  being  1  in  100.  There  are  seven  intermediate  stations  on 
this  line;  the  Poplar,  West  India  Docks,  Limehouse,  Stepney, 
and  Shadwell  stations,  communicate  witli  the  Fenchurch-street 
terminus ;  whilst  those  of  the  Minories,  Cannon-street,  Shadwell, 
and  Stepney,  communicate  with  the  Blackwall  terminus.  This 
arrangement  is  effected  by  appropriating  a  separate  carriage  from 
the  termini  for  each  intermediate  station,  communicating  with  the 
same;  these  are  detached  whilst  the  trains  are  moving,  and  by 
means  of  breaks  they  are  stopped  at  their  respective  destinations  ; 
as  soon,  however,  as  the  terminal  train  arrives  at  either  end  of  the 
line,  and  the  rope  ceases  its  motion,  these  intermediate  carriages 
are  attached  to  the  rope,  whilst  it  is  in  a  state  of  rest ;  so  that 
wlien  the  engines  are  again  started,  the  carriages  are  also  simul- 
taneously set  in  motion,  and  arrive  successively  at  the  termini,  in 
the  order  and  at  intervals  corresponding  with  the  position  of  the 
places  from  whicli  they  started ;  as  they  arrive  tliey  are  released 
from  the  rope,  though  in  motion,  by  the  sudden  withdrawal  of  the 
grip  iron,  and  then  their  momentum  carries  them  forward  to  their 
proper  places  in  the  station.  It  will  be  percei\ed,  that  the  inter- 
mediate traffic  is  by  this  means  provided  for,  without  causing  any 
detention  to  the  through  trade. 

The  peculiar  mode  of  working  the  line,  nnd  the  circumstance  of 
so  many  carriages  being  attached  to  the  rope  at  different  places, 
rendered  it  absolutely  necessary  to  provide  some  quick  and  certain 
system  of  signals  between  the  termini  and  the  intermediate 
stations.  These  objects  being  deemed  attainable  by  means  of  the 
electric  telegraph,  that  system  was  adopted,  althougli  it  w\is  of 
greater  extent  than  any  which  had  been  previously  tried,  and  it 
was  executed  by  Mr.  Cooke,  one  of  the  patentees.  The  telegraphic 
wires  are  inclosed,  for  security,  within  \\  elded  iron  pipes,  witli 
screwed  joints  like  gas  pipes ;  there  is  a  duplicate  set  of  such  wires 
and  pipes,  in  case  of  one  set  being  accidentally  fractured.  One 
pipe  runs  along  each  side  of  the  railway  throughout  its  length. 

The  machinery  at  the  London  end,  for  working  the  railway,  is 
situated  at  the  Minories  station.  The  carriages  in  coming  towards 
Lpndon  are  disconnected  from  the  rope,  a  little  before  they  arrive 
at  the  Minories,  and  they  perform  the  rest  of  the  journey  to  the 
terminus  in  Fenchurch-street  by  their  momentum.  The  upward 
inclination  of  the  rails  at  this  place  is  1  in  150. 

When  the  down-train  leaves  the  terminus  in  Fenchurch-street, 
it  descends  the  incline  to  the  Minories  by  its  gravity,  where  it  is 
stopped  by  the  breaks,  to  allow  of  the  passengers  being  received  at 
that  station,  and  to  permit  the  attachment  of  the  rope  ;  there  tlie 
train  remains  for  a  shorttime,  until  signals  havebeen  received  by  the 
edectric  telegraph,  from  each  of  the  intermediate  stations,  that  the 
carriages  are  ready  for  starting,  and  are  properly  attached  to  the 
rope,  in  the  manner  already  described.  It  being  thus  known  at 
the  Minories  that  all  is  ready,  the  signal  for  starting  is  sent  from 
thence  to  BlackwaU ;  the  engines  there  are  then  put  in  motion 
and  begin  to  draw  the  rope  with  all  the  carriages  towards  Black- 
w^l. 

At  the  same  time  that  the  down-train  leaves  the  Minories,  the 
up-train  leaves  Blackwall,  the  arrangements  being  similar  to 
those  above  described.  The  train  runs  by  gravity  from  the  Black- 
wall  station  to  beyond  the  engine-house,  where  it  is  stopped  by  the 
breaks,  in  order  to  attach  it  to  the  rope,  and  as  soon  as  signals 
have  been  received  at  Blackwall,  from  each  of  the  intei-mediate 
stations,  that  all  is  ready,  the  signal  for  starting  is  sent  from 
Blackwall  to  the  Minories,  and  the  engines  there  are  put  in  motion, 
and  begin  to  draw  the  rope  and  all  the  carriages  towards  London. 
The  machinery  at  the  Blackwall  end  is  situated  a  little  way  along 
the  line  from  the  terminal  station ;  the  distance  from  thence  to 
the  place  where  the  carriages  going  to  Blackwall  are  disconnected 
*i       — — ^ . ■ 

•  1  he  uuminat  power  of  Ihese  engines  is,  L2-1  lioise- power  lur  eath  j  air  at  the 
Minories;  and  140  torse-power  for  each  pair  at  Bliicltwail.  There  are  duplicate 
engines  at  each  station,  making  448  horse-power  at  the  Jlinories,  and  2SU  horse  power  at 
.BUiUiWiiU. 


from  the  rope,  being  somewhat  farther  from  the  station  than  the 
engine  house,  and  the  carriages  run  that  distance  by  momentum, 
in  the  same  manner  as  at  the  London  end ;  the  rise  towards  the 
Blackwall  station  being  there  also  1  in  150.  During  the  winter 
the  railway  is  worked  from  half-past  eight  o'clock  in  the  morning 
until  nine  at  night ;  and  in  the  summer,  from  eight  o'clock  in  the 
morning  until  ten  at  night.  A  train  leaves  each  end  every  quarter 
of  an  hour  (giving  in  winter  51  trains,  and  during  the  summer 
57  trains  per  day).  The  whole  time  occupied  in  passing  between 
the  termini  is  thirteen  minutes  ;  but  tlie  engines  are  at  work  only 
from  eight  to  nine  minutes.  The  engine-house  at  the  Minories  is 
situated  beneath  the  railway.  It  is  48  feet  long  by  72  feet  wide, 
and  the  extreme  length,  into  the  recess  in  front  of  the  drums  is 
69  feet.  Tlie  rails  are  carried  over  the  machinery  on  cast-Iron 
girders,  which  are  supported  at  two  intermediate  points  by  cast- 
iron  pillars.  The  flooring  over  the  engine-house  is  carried  in  like 
manner  upon  girders. 

Beneath  each  line  of  railway  there  is  a  large  drum  for  the  rope, 
and  on  the  axes  of  each  drum  is  a  mortice  spur-wheel,  which 
is  driven  by  another  iron  spur-wheel  of  larger  diameter,  on  a  pro- 
longation of  the  axis  of  the  cranks  of  the  steam  engines ;  the  pro- 
longation forming  a  line  of  shafting  which  extends  all  across  the 
engine-room,  with  a  pair  of  engines  at  each  of  its  extremities. 
Only  one  pair  of  engines  is  worked  at  a  time,  the  other  pair  being 
disconnected  at  the  cranks.  Under  ordinary  circumstances,  one 
pair  is  worked  for  about  six  weeks,  and  then  the  other  pair  for  a 
similar  period  ;  the  object  being  to  secure  the  traffic  from  interrup- 
tion, by  having  a  duplicate  pair  of  engines  always  ready  to  be  con- 
nected at  aU  emergencies  and  in  case  of  any  accident  happening  to 
the  other  pair,  as  well  as  to  give  time  for  the  ordinary  cleaning 
and  repairing  of  that  pair  of  engines  which  is  not  at  the  time  in 
use.  When  one  pair  of  engines  is  connected  to  the  axis  of  the 
two  larger  spur-wheels,  the  other  part  must  be  disconnected  from 
it.  This  is  done  by  removing  the  pin  of  the  crank  on  tlie  extre- 
mity of  the  said  axis,  and  also  removing  tlie  drag-link,  by  which 
that  pin  is  connected  with  the  pin  of  the  engine-crank,  on  which 
latter  pin  the  connecting-rod  is  jointed.  The  rope  on  one  line 
must  be  wound  up  round  its  drum,  whilst  that  on  the  other  line 
is  allowed  to  unwind  from  off  its  drum,  so  that  the  two  drums  will 
revolve  in  contrary  directions.  The  trains  travel  alternately 
backwards  and  forwards  on  the  same  line  of  rails,  instead  of  one 
line  of  rails  being  always  tra\elled  over  in  one  direction  and  the 
other  line  in  the  contrary  direction,  as  is  the  ease  on  other 
railways.  For  instance,  if  the  first  train  in  the  morning  goes 
down  from  London  to  BlackwaU  along  the  north  line,  the  second 
train  down  in  the  same  direction  will  go  along  the  south  line,  and 
the  third  train  down  along  the  north  line,  and  so  on.  One  end  of 
each  rope  is  wound  around  one  of  the  drums  at  the  Minories,  and 
the  other  end  of  the  same  rope  around  a  corresponding  drum  at 
Blackwall  ;  and  whenever  one  of  those  drums  is  turned  round  by 
its  engines  for  winding  up  that  end  of  the  rope,  the  drum  at  the 
other  end  of  the  same  rope  must  be  disconnected,  and  left  free  to 
turn  round  as  the  rojie  is  pulled  off  it.  This  requires  some  ready 
means  of  disengaging  either  of  the  drums  from  the  engines, 
which  is  done  by  withdrawing  the  pair  of  spur-wlieels  from  each 
other  until  their  teetli  become  disengaged.  The  plummer-blocks, 
in  wliich  the  two  ends  of  tlie  axes  of  each  of  tlie  drums  revolve, 
are  mounted  on  rollers,  and  are  capable  of  being  moved  horizontally 
by  screws,  until  the  spur-wheels  are  out  of  gear.  The  t^^•o  screws 
for  the  plummer-blocks  of  the  same  drum,  are  moved  simulta- 
neously by  gearing,  worked  by  a  handle  on  the  platform  in  the 
recess  "in  front  of  the  drums;  so  that  a  man  by  turning  that 
handle,  either  connects  or  disconnects  the  geai-ing,  as  may  be  re- 
quired. ^ 

The  main  axis  upon  which  the  two  large  spur-wheels  are 
mounted,  may  be  considered  as  a  single  axis,  but  is,  in  fact,  two 
lengths  of  shaft,  connected  together  by  cranks  and  drag-links  at 
the  mid-length  of  the  prolonged  axes,  which  two  lengths  can  be 
disconnected  at  pleasure,  by  "remo\ing  the  drag-links  and  crank- 
pins.  Hence  there  are  two  sets  of  machinery  exactly  similar,  and 
capable  of  being  connected  and  disconnected  in  such  manner,  as  to 
admit  of  either  of  the  two  drums  being  worked  by  either  of  the 
two  pairs  of  engines,  wliilst  the  other  drum  is  wholly  disconnected; 
each  line  can  thus  be  worked  by  either  pair-  of  engines,  indepen- 
dently of  the  other  line  or  pair  of  engines.  The  engines  always 
revolve  in  the  same  direction,  causing  the  drums  to  wind  up  the 
ropes  around  them  ;  but  when  the  drums  turn  round  in  a  contrary 
direction  for  unwinding  the  ropes,  they  are  disconnected  from 
tlie  engines.  A  wheel  is  attached  to  each  drum  for  the  purpose 
of  being  acted  upon  by  a  break,  not  only  for  stopping  tlie  motion 
of  the  drum,  after  the  arrival  and  stoppage  of  the  down-train  at 
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the  Blackwall  end  of  tlie  line,  but  also  for  maintaining  a  suitable 
dcffiee  of  tension  on  tlio  ])art  of  tlic  rope  behind  the  train,  wliilst 
it  is  in  motion.  The  object  of  keepin^^  the  tension  on  tlie  rope  is 
to  |)rc\ent  it  from  beinp  unwound  from  off  the  drum  faster  than  the 
train  proceeds, and  to  secure  the  ro]ie  against  tlie  risk  of  breakaj,'e,  to 
which  it  would  be  liable,  if  it  were  allowed  to  become  slack  and 
then  to  he  suddenly  ti^rbtcned,  by  the  acceleration  which  takes 
place  in  the  motion  of  the  train,  after  it  has  commenced  the 
descent  of  a  steeper  gradient  than  that  on  which  it  was  previously 
travelling. 

The  engines  beinp:  only  worked  for  eight  or  nine  minutes  out 
of  every  ijuarter  of  an  hour,  the  vacuum  in  the  condenser  might 
during  the  remaining  si.\  or  seven  minutes  become  ini])erfect  from 
leakage,  or  from  air  contained  in  the  injection  water ;  in  which 
case  the  restarting  of  the  engines  would  be  difficult,  except  by  pre- 
viously blowing  steam  through  the  condenser,  to  displace  the  air, — 
for  the  greatest  power  is  re([uired  at  starting,  when  the  machinery, 
be  drums,  the  rope,  and  the  train,  have  all  to  be  set  in  motion 
from  a  state  of  rest,  and  tlieie  must  be  a  good  vacuum  in  the  con- 
denser to  enable  tlie  engines  to  start  promptly.  For  this  object  an 
engine  of  12  horse-power  is  provided,  and  constantly  works  two 
auxiliary  air-iiumjis,  wliich  maintain  the  vacuum  in  the  condensers 
of  the  large  engines,  independently  of  the  action  of  their  own 
air-pumps. 

In  the  arches  upon  which  the  railway  is  carried  to  pass  over  the 
engine-house,  eiglit  mttfr-tnnks  are  placed,  all  connected  together 
by  pipes.  The  overilow  of  waste  water  from  the  hot  cisterns  of 
the  engines,  is  conducted  from  the  usual  overflow-pipe  into  the 
most  distant  of  the  eight  tanks.  From  that  tank  the  water  passes 
into  the  next,  and  tlien  to  the  next,  and  so  on  to  the  last  of  the 
eight  tanks,  in  which  it  is  mixed  \vith  fresh  cold  water,  and  the 
mingled  water  is  then  conveyed  into  the  engine-room,  for  supply- 
ing the  injection  cocks  of  the  engines.  The  surface  of  the  water 
in  the  eight  tanks  is  exposed  to  the  atmosphere,  and  the  hot  water 
thus  becomes  cooled  in  passing  through  them.  At  first  there  were 
only  three  tanks,  in  which,  as  they  exposed  a  large  surface  to  the 
air,  it  was  expected  the  cooling  of  the  water  would  proceed  with 
sufficient  rapidity  to  render  it  fit  for  injection  upon  arriving  at  the 
third  tank,  and  being  there  mixed  with  fresh  cold  water ;  but,  as 
it  was  found  tliat  there  was  not  a  sufficient  cooling  effect,  five  more 
tanks  were  added,  and  the  eight  tanks  novv  in  use  are  scarcely  suf- 
ficient for  cooling  the  water  to  the  extent  required.  The  supply  of 
cold  water,  for  mixing  with  the  water  in  the  tanks,  is  pumped  by 
the  12  horse-power  engine  from  a  well  in  the  adjoining  part  of  the 
building,  and,  in  addition  to  this  supply,  a  small  pipe  is  laid  on 
from  the  main  of  the  New  River  Company.  The  temperature  of 
the  injection  water  in  summer  is  about  80°,  and  often  higher,  and 
the  vacuum  then  obtained  is  about  21  inches  of  mercury  ;  in  winter 
there  is  no  difficulty  as  to  the  temperature  of  the  vvater,  and  the 
mercury  stands  at  from  27  inches  to  28  inches.  Each  of  the  tanks 
is  21.^  feet  square  and  G  feet  deep,  so  that  the  capacity  is  3,600 
cubic  feet,  and  the  surface  of  water  exposed  is  600  square  feet  in 
each  tank. 

The  steam-pipe  from  the  boilers  passes  through  the  wall,  and  is 
carried  inside  the  engine-room  to  the  right  and  left  to  each  pair  of 
engines,  with  a  valve-box,  from  which  two  branches  proceed  to 
supply  each  engine.  The  valve  in  the  box  is  opened  and  shut  by  a 
screw,  worked  from  below  by  a  handle,  by  which  the  engineman 
regulates  the  speed  of  the  engines. 

The  governor  is  placed  beyond  the  outer  frame  of  the  pair  of 
engines,  and  the  number  of  its  revolutions  is  to  the  number  of 
strokes  made  by  the  engines  as  3  to  2.  It  is  worked  from  the 
crank  of  the  engines  by  a  pair  of  bevil  wheels  on  a  small  axis 
passing  through  the  outer  frame.  The  governor  acts  upon  a 
throttle-valve  placed  in  the  steam-pipe,  immediately  beyond  the 
shut-off  valve.  The  resistance  the  engines  have  to  overcome 
varies  so  much,  that  the  governor  was  found  not  to  be  capable  by 
itself  of  regulating  the  speed,  and  therefore  it  was  assisted  by  the 
man  dosing  the  shut-off  valve  by  its  screw  handle;  but  latterly 
the  governor  has  lieen  disconnected,  and  is  not  now  used. 

T"  avoid  snatching  the  rope,  by  which  it  might  be  broken,  great 
care  is  taken  to  start  the  engines  as  gradually  as  possible,  in  order 
that  all  the  slack  of  the  rope  may  he  gathered  up  around  the  drum, 
and  then  the  train  he  started  slowly,  and  gradually  accelerated  to 
the  full  speed.  The  valve  is  therefore  only  partially  opened  at 
first,  and  is  afterwards  opened  fully  by  degrees  ;  as  the  engines 
acquire  speed,  the  valve  is  closed  again  gi-adually,  to  restrain  the 
speed,  as  the  carriages  arri\e  one  after  another,  and  the  resistance 
diminishes. 

The  Bviti-rs. — The  boiler-house  is  beneath  the  railway,  the  five 
boilers  being  placed  under  the  arches  on  which  the  continuation  of 


the  railway  is  carried  beyond  the  engines.  Two  of  them  are 
square  marine-boilers,  with  the  ordinary  internal  furnaces  and 
rectangular  dues ;  the  other  three  boilers  are  constructed  on  the 
Cornisli  system,  being  (urciiUr,  with  two  internal  tubes  through 
their  entire  length,  and  the  furn»<-es  in  the  front  ends.  The  two 
marine-boilers,  which  are  equal  in  power  to  the  three  Cornish 
boilers,  are  ca]>able  of  sup])lying  steam  for  one  jiair  of  engines. 
The  two  marine-boilers,  or  the  three  Cornish  boilers,  are  worked 
together  as  a  set,  the  two  sets  being  used  alternately  in  the  same 
manner  as  the  engines,  but  for  about  three  months  at  a  time. 
The  chimney  is  situated  between  the  two  sets  of  boilers.  The 
flue  from  each  separate  boiler,  enters  into  a  main  flue,  which  ex- 
tends along  the  back  of  each  set  to  the  base  of  the  chimney  ; 
each  is  provided  with  a  separate  damper,  and  there  is  another 
damper  at  the  end  of  each  main  flue,  where  it  joins  to  the  base  of 
the  chimney. 

On  tlie  top  of  the  steam-chest  of  each  boiler  is  a  shut-off  valve 
box,  joined  by  a  branch  to  the  main  steam-pipe,  which  leads  to  the 
engines.  By  these  valves,  any  boiler  may  be  shut  ofl'  from  the  rest, 
in  case  it  is  required  to  be  cleaned  whilst  the  others  are  at  work. 
At  the  mid-length  of  the  steam-)ii])e  are  two  safety-valve  boxes, 
each  having  an  aperture  of  12  inches  diameter ;  they  com- 
municate with  each  other,  and  from  one  of  them  a  discharge-jiipe 
proceeds  into  the  chimney  ;  one  of  these  safety-valves  is  out  of 
the  control  of  the  men,  but  the  other  may  be  lifted  by  means  of  a 
lever  worked  from  below,  in  order  to  discharge  the  steam  at  the 
end  of  the  day's  work. 

The  feeding  of  the  boilers  is  efl^ected  from  a  tank  situated  above 
the  arches,  at  the  side  of  the  chimney,  at  such  a  height  as  to  give 
the  column  of  water  entering  the  boiler  a  greater  pressure  tiian 
that  of  the  steam.  This  feeding-tank  is  10  feet  in  diameter,  bv  6 
feet  high,  and  is  capable  of  holding  471  cubic  feet  of  water.  'I'he 
water  is  raised  into  this  tank  by  the  pumps  of  the  engines,  and 
feed-pipes  proceed  from  the  tank  to  the  feed-cocks  in  the  pipes, 
at  the  front  of  the  several  boilers.  During  the  time  the  engines 
are  at  work,  no  water  is  admitted  to  the  boilers,  but  as  soon  as 
they  are  stopped,  the  feed-cocks  are  opened,  and  the  water  is  al- 
lowed to  flow  in  until  the  proper  level  is  restored.  At  the  same 
time  a  fresh  supply  of  coals  is  thrown  on  the  fires,  to  raise  the 
steam  for  starting.  This  is  so  managed  as  to  waste  very  little 
steam  by  blowing  away  at  the  safety-valve. 

The  diimnri/  is  6  feet  square  inside,  at  the  base,  and  4  ft.  3  in. 
diameter  at  the  top,  and  161  feet  high  from  the  foundation.  The 
draught  is  exceedingly  good.  The  sjtaces  opposite  to  the  row  of 
furnaces  of  the  five  boilers  are  stores  for  coal.  Beneath  the  centre 
of  the  passage,  in  front  of  the  row  of  furnaces,  is  the  drain  for 
carrying  off  the  waste  water. 

The  steam-enguiet)  o(  112  horse-power  (nominal  power)  are  on 
the  marine  construction,  with  side  levers,  the  same  as  Messrs. 
Maudslay,  Suns,  and  Field  made  for  steam-vessels  a  few  years  ago. 
That  construction  was  adopted,  as  it  was  requisite  that  the  centre 
of  the  shaft  should  be  elevated.  Tlie  diameter  of  the  cylinders 
is  56  inches ;  the  length  of  stroke  is  5  feet ;  and  the  average 
number  of  strokes  22  per  minute.  The  motion  of  the  piston  is 
therefore  220  feet  per  minute.  The  plunger  feed-pump  is  6A 
inches  diameter,  and  2  ft.  C  in.  stroke  ;  only  one  pump  is  workea 
at  a  time.  The  cranks  are  all  of  cast-iron,  with  axes  of  wrought- 
iron,  12  inches  diameter  in  the  bearings. 

The  /uriie  xpur-wheet  on  the  main  axis  is  1 7  feet  in  diameter  at 
the  pitch  line,  with  120  teeth  ;  the  pitch  of  the  teeth  is  5j  inches, 
and  their  breadth  is  23  inches.  The  centre  boss  of  this  wheel 
consists  of  two  circular  pieces  bolted  together  externally,  including 
between  them,  and  closing  over  the  roots  of  the  arms,  which  are 
eight  in  number,  cast  separately,  and  bolted  to  one  another,  and 
to  the  boss.  The  rim  is  in  eight  segments,  each  having  15  teeth, 
and  the  junctions  of  the  segments  are  made  at  the  ends  of  the 
arms.  The  weight  of  the  wheel  is  16,j  tons  ;  that  of  the  rim  by 
itself  being  8  tons  13  cwt.  The  drum  is  23  feet  in  diameter  out- 
side, and  10;L  feet  in  diameter  at  the  bottom  of  jtbe  V-shaped 
groove,  wherein  the  rope  is  coiled.  The  w  idth  of  this  part,  at  the 
bottom,  is  1  ft.  6  in.,  and  at  the  top  3ft.  2  in.;  when  all  the 
rope  is  wound  on  it,  the  diameter  of  the  outside  coil  of  the  rope 
is  20  feet. 

The  limak-wheel  at  the  side  of  the  drum  is  14  feet  in  diameter, 
and  1   foot  broad. 

The  nmrticc  sptir-whcc/,  on  the  axis  of  the  drum,  and  at  the  same 
side  as  the  break,  is  11  feet  in  diameter  at  the  pitcli  line  :  it  has 
78  cogs,  which  are  also  23  inches  bi'oad. 

Although  the  drum,  the  break-wheel,  and  the  mortice-wheel, 
have  hitherto  been  mentioned  as  separate,  they  are  in  fact  all 
framed  together  so  as  to  form  one  coaihination.     The  tot;J  weight 
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is  30  tons.  The  axis  of  the  dnim  is  of  wroupht-iron,  12  inches 
diiimeter  in  the  bearings.  The  cogs  of  tlie  mortice-wheel  are 
marie  of  hornbeam. 

The  break  is  formed  of  two  straps  of  wrought-iron,  side  by  side, 
each  5  inches  wide,  to  which  are  rivetted  plates  of  copper  in 
lengths  of  3  feet  each,  12  inches  wide  and  |  inch  tliick  ;  tlie  copper 
applies  to  the  lower  half  of  the  circumference  of  tlie  break-wlieel. 
One  of  the  extremities  of  the  break  is  suspended  by  rods  from 
the  girder  above,  and  the  otlier  end  is  connected  to  the  hoop 
around  an  eccentric-wheel,  tlie  axis  of  which  is  mounted  in  a  frame 
fixed  to  the  girder.  On  the  axis  of  this  eccentric-wheel  is  a  spur- 
wheel,  into  which  a  pinion  works,  and  on  the  axis  of  the  pinion 
is  a  ratchet-wheel,  to  be  worked  by  a  lever-handle  and  click,  by  a 
man  standing  on  the  platform  over  the  engine-room,  the  handle 
end  of  the  lever  passing  up  through  tlie  platform.  The  length  of 
this  lever-handle  is  6  feet;  the  diameter  of  the  pinion  is  11^ 
inches,  and  that  of  the  wheel  is  16  inches  ;  the  eccentricity  of  the 
eccentric-wheel  is  2|  inches.  Hence  the  force  of  the  man's  arm 
applied  at  the  upper  end  of  the  lever-handle  is  multiplied  about 
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namely,  when  the  eccentric-wheel  has  made  a  quarter  of  a  revo- 
lution ;  but  for  obtaining  a  greater  power  on  the  break,  a  piston 
is  fitted  into  an  air-cylinder  10  inches  in  diameter,  which  is  fixed 
under  the  girder ;  one  end  of  the  cylinder  is  open  to  the  at- 
mosphere, and  the  other  is  closed,  but  communicates  by  a  pipe 
with  the  condenser  of  the  steam-engine  below.  In  this  pipe  is  a 
cock,  wliich  can  be  opened  by  the  lu'eaksman  when  necessary ;  a 
chain  connected  to  the  rod  of  the  piston  of  the  air-cylinder,  is 
carried  round  the  spur-wheel  and  fastened  to  it.  If  the  breaks- 
man  opens  the  cock  to  establish  a  communication  with  the  con- 
denser, the  air  is  exhausted  from  the  air-cylinder,  and  the  pressure 
of  the  atmosphere  on  the  area  of  the  piston  acts  by  the  chain  on 
the  circumference  of  the  wheel.  Supposing  the  vacuum  to  be  27 
inches  of  mercury,  this  pressure  is  l,060lb.,  equivalent  to  about 
lOOlb.  applied  to  the  upper  end  of  the  lever-handle. 

Each  of  the  moving  plumnier-blocks,  in  which  the  drum-shaft 
revolves,  is  mounted  on  six  rollers ;  three  on  each  side.  Beneath 
the  plummer-blocks  and  attached  to  it,  in  the  space  between  the 
rollers,  is  a  long  nut  in  which  a  screw  3  inches  in  diameter  works ; 
the  pitcli  of  this  screw  is  such  as  to  move  the  nut  and  the 
plummer-block  3  inches  by  seven  revolutions.  The  axis  of  the 
screw  is  prolonged  by  a  sliaft  to  reach  the  platform,  and  this  pro- 
longation has  on  its  end  a  bevil-wheel  2  feet  in  diameter,  into 
which  works  a  bevil-pinion  6  inches  in  diameter ;  the  cross  axis  of 
this  pinion  extends  across  the  breadth  of  the  drum,  parallel  to  its 
axis,  and  carries  another  such  bevil-pinion  of  6  inches  diameter, 
which  acts  in  another  bevil-wheel  of  2  feet  diameter,  on  the  pro- 
longation of  the  axis  of  another  screw  beneath  the  plummer- 
block,  for  the  other  end  of  the  axis  of  the  drum.  By  this  con- 
nection both  screws  are  turned  round  simultaneously  and  act  on 
both  plummer-blocks  alike.  On  the  cross  axes  of  the  two  bevil 
pinions  is  a  cog-wheel  2  feet  in  diameter,  into  which  works  a 
pinion  16  inches  diameter,  on  the  axis  of  which  is  a  winch-handle, 
so  that  to  produce  one  revolution  of  the  screw,  the  winch-handle 
must  make  six  revolutions.  Tlie  thread  of  the  screw  making  seven 
turns  in  3  inches,  and  the  winch  being  10  inches  long,  the  pressure 
applied  to  it  is  multiplied  868  times.  The  winch  is  worked  by  one 
man,  and  the  time  occupied  in  disconnecting  one  drum  and  con- 
necting the  other,  is  little  more  than  a  minute. 

The  rollers  on  which  each  plummer-block  moves,  are  made  of 
wrought-iron,  case  hardened,  3^  inches  in  diameter,  and  2g  inches 
broad.  At  first,  the  rollers  worked  against  the  cast-iron  surfaces 
of  the  frame  and  of  the  plummer-block  ;  but  after  having  been  at 
work  two  or  three  years,  the  pressure  had  caused  so  much  inden- 
tation into  the  two  surfaces  of  cast-iron,  as  to  render  it  difficult 
for  a  man  to  connect  and  disconnect  the  large  spur-wheels.  To 
remedy  this  defect,  a  strap  of  steel  was  let  into  the  frame  and 
another  into  the  underside  of  the  plummer-block  for  the  rollers 
to  act  against,  and  no  inconvenience  has  been  since  found.  The 
weight  upon  each  of  the  rollers  is  about  5  tons.  The  weight  of 
the  drum,  break-wheel,  and  mortice-wheel  being  30  tons,  and  of  the 
a.xes  3  tons  7  cwt.,  the  rope  remaining  on  the  drum  when  unwound 
1  ton,  and  the  additional  weight  of  rope  wlien  the  whole  is  wound 
an,  23'10  tons,  makes  a  total  weight  of  57-17,  or  58  tons,  to  be 
sustained  on  the  twelve  rollers  beneath  the  two  plummer-blocks; 
and,  therefore,  supposing  each  set  to  bear  the  same  weight,  each 
roller  has  to  carry  neai-ly  5  tons ;  each  end  of  the  axis  of  the 
drum  being  12  inches  diameter  in  its  bearing,  the  breaks  must 
sustain  29  or  30  tons. 


Power. — Wlien  all  the  train  is  in  motion,  the  engines  making 
22  strokes  per  minute,  the  pressure  of  the  steam  on  entering  the 
cylinder  being  2^  lb.  above  that  of  the  atmosphere,  and  the  mean 
pressure  9-95  lb.  per  square  inch,  the  power  for  the  engines,  rope, 
and  train,  is  323-74  horse-power. 

When  the  rope,  without  any  carriages  attached  to  it,  is  drawn 
by  the  engines  making  2t  revolutions  per  minute,  the  pressure  of 
the  steam  being  6  lb.  above  the  atmosphere,  and  the  mean  pressure 
7  lb.  per  square  inch,  the  power  expended  on  the  rope  and  ma- 
chinery is  25076  horse-power. 

When  the  drum  is  disconnected  from  the  engines,  and  they  are 
allowed  to  make  22  strokes,  the  pressure  being  13i  lb.  abo\e  the 
atmosphere,  and  the  mean  pressure  8lb.  per  sq'uare  inch,  the 
power  expended  on  the  friction  of  the  engines  unloaded,  is  26-09 
horse-power. 

Since  the  power  expended  on  the  engines,  rope,  and  train,  is 
323-74  horse-power,  and  on  the  engines  and  rope,  250-76  liorse- 
power;  the  difference,  namely,  72-98  or  73  horse-power  is  due  to 
the  train  alone. 

The  number  of  revolutions  made  by  the  engine-shaft  per  minute 
being  22,  the  number  made  by  the  drum  in  the  same  time  is  33-84. 
The  circumference  of  the  drum  w  hen  the  rope  is  oft',  is  52  feet ; 
when  all  the  rope  is  wound  on,  it  is  G3  feet,  the  velocity  of  the 
rope  will  therefore  vary  from  1,760  feet  per  minute,  to  2,i32  feet, 
that  is,  from  20  miles  to  24  miles  per  hour. 

TheRope. — When  the  railway  was  first  opened,  the  rope  employed 
was  of  hemp,  5|  inches  in  circumference,  or  if  inches  in  diameter. 
After  it  had  been  in  use  for  a  very  short  time  it  broke,  and  con- 
tinued to  do  so  frequently ;  in  consequence  of  which,  a  wire  rope 
was  substituted.  This  rope  3g  inches  in  circumference,  or  1^  inch 
diameter,  is  formed  of  six  strands,  each  composed  of  six  wires,  or 
thirty-si.x  wires  in  the  rope.  It  is  covered  over  vvith  small  hempen 
rope  or  tarred  yarn.  The  breakages  of  this  rope  are  much  less 
frequent  than  with  the  hempen  rope,  but  still  they  do  occur  occa- 
sionally. In  order  to  make  the  rope  wind  evenly  on  the  drum,  it 
is  guided  by  two  levers  mounted  on  one  centre  pin,  and  crossing 
one  another  in  the  form  of  a  pair  of  scissors,  the  levers  having 
rollers  on  their  inner  side.  These  levers  are  worked  by  a  man, 
standing  on  the  platform  below,  and  he  guides  the  rope  by  pressing 
them  alternately  against  either  side  as  his  eye  directs,  so  as  to 
wind  the  rope  evenly  around  the  drum.  'The  weight  of  the 
hempen  ro])e  was  8  lb.  per  yard,  tliat  of  the  wire  rope  is  65  lb.  per 
yard  ;  therefore,  the  weight  of  the  rope  lying  on  the  railway  was, 
in  the  former  case,  19,;  tons,  and  in  the  latter,  16^  tons.  Swivels 
are  introduced  at  inter\als  in  the  length  of  the  rope,  to  allow  it  to 
twist  and  untwist  itself  in  working.  The  weight  of  the  rope  is 
sustained  by  bearing-sheaves,  disposed  at  intervals  along  the  line, 
in  the  middle  of  the  space  betw  een  the  rails ;  some  of  them  being 
laid  at  angles  to  suit  the  curves  of  the  road. 

The  auxiliary  engine. — The  cylinder  of  the  12  horse-power 
engine  is  20  inches  in  diameter,  the  piston  makes  a  stroke  of 
3  feet,  and  34  strokes  per  minute.  The  two  air-pumps  which  are 
worked  by  it  are  13  inches  in  diameter,  with  a  stroke  of  10^ 
inches,  and  are  placed  one  on  each  side  of  the  centre  of  the  main 
lever. 

The  air-pumps  of  the  large  engine  are  31  inches  in  diameter, 
with  a  length  of  stroke  of  2  ft.  6  in. ;  so  that  the  capacity  of  the 
stroke  of  each  pump  is  13-1  cubic  feet,  or  26-2  cubic  feet  for  the 
pumps  of  a  pair  of  engines ;  therefore,  the  capacity  per  minute, 
is  S6-2  X  22  strokes  =  576-4  cubic  feet.  In  like  manner,  the  ca- 
pacity of  the  small  pumps,  per  minute,  is  55  cubic  feet,  or  nearly 
iTjth  that  of  the  large  pumps  in  the  same  time. 

The  well,  from  which  cold  water  is  obtained  is  10  feet  diameter 
inside,  and  is  steined  partly  with  brick  and  partly  with  iron.  In 
this  well  are  two  sets  of  three-barrelled  pumps,  but  only  one  set  is 
worked  at  a  time.  The  barrels  are  each  7  inches  in  diameter,  the 
stroke  is  18  inches,  and  they  make  twenty  strokes  per  minute  ;  so 
that  the  quantity  of  water  raised  by  one  set,  per  minute,  is  150 
gallons.     'These  pumps  are  worked  constantly  throughout  the  day. 

The  marine-boilers  are  10  ft.  3  in.  wide,  10  ft.  8  in.  high,  and 
24  feet  long ;  the  steam-chests  are  5  feet  in  diameter  and  4  ft. 
10  in.  high;  each  boiler  has  three  fires  within  it. 

The  circular  boilers  are  each  7  ft.  6  in.  in  diameter,  by  24  feet 
long ;  the  two  circular  flues,  through  their  whole  length  are  2  ft. 
6  in.  diameter.  The  steam  chests  are  3  ft.  9  in.  diameter,  and  4  feet, 
5  feet,  and  6  feet  high  respectively.  The  average  consumption  of 
fuel,  is,  per  day,  for  the  two  marine-boilers  together,  7g  tons,  and 
for  the  three  circular-boilers  together,  8  tons.  In  these  quantities 
is  included  what  is  required  for  getting  up  the  steam  in  the  morn- 
ing. 
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The  time  of  working,  corresponding  to  this  average  is  13  hours. 
The  weight  on  the  safety-valve  is  44  Ih.  per  square  inch. 

Tlie  engines  and  machinery  at  Bhickwall  are  similarly  arranged, 
hut  on  a  smaller  scale.  The  railway  there  passes  hy  the  side  of 
the  engine-house  on  the  ground,  and  therefore  the  ropes  are 
gathered  on  at  the  lowest  part  of  tlie  circumference  of  the  drums, 
instead  of  at  the  highest  part,  as  at  the  Minories,  where  the 
railway  passes  over  the  engine-house.  The  engines,  constructed 
hy  Mr.  Barnes,  are  of  the  marine  side-lever  form,  of  the  nominal 
forces  of  70  horse-power  each,  the  pistons  are  45|  inches  diameter, 
vflth  4  feet  stroke,  and  their  average  speed  is  25  strokes  per 
minute.  The  large  spur-wheels  are  17  feet  diameter  to  the  pitch 
line,  with  120  teeth,  5^  inches  pitch,  and  14  inches  hroad,  working 
into  mortice  spur-wheels  on  the  axes  of  the  drums,  10  ft.  10  in. 
diameter,  witli  80  wood  cogs.  The  drums  are  16^  feet  diameter 
when  empty,  and  22  feet  diameter  outside.  The  small  steam- 
engine  for  working  the  air-pumps,  is  8  horse-power ;  it  was  con- 
structed by  Messrs.  Miller  and  Ravenhill. 

Remarks  made  at  the  Meeting  after  the  reading  of  the  above  Paper. 

Mr.  Farey  stated  that  the  wire  rope  consisted  of  six  strands,  each  of  sis 
wires,  coiled  round  a  hempen  core,  and  the  whole  of  the  strands  were  also 
laid  round  one  centre  core  of  hemp.  Wherever  the  wires  were  in  actual 
contact  with  the  core,  corrosion  appeared  to  take  place,  which  of  course 
augmented  the  rapidity  of  the  destruction  of  the  rope.  It  was,  however, 
now  merely  a  question  of  expense,  as,  since  the  adoption  of  the  wire  rope, 
hi-eakage  seldom  occurred.  He  thought  that  the  old  hempen  rope  had  fre- 
quently  been  broken  by  the  undue  strain  which  was  suddenly  brought  upon 
it,  by  its  slipping  on  the  drum.  He  imagined  that  a  modification  of  the 
method  used  in  cotton  spinning  for  regulating  the  coiling  of  the  filaments, 
might  be  adopted  with  advantage,  instead  of  as  at  present  coiling  it  by 
hand. 

Mr.  Bidder  said  he  had  noticed  the  peculiar  tendency  of  the  hemp  rope 
to  twist,  which  caused  its  frequent  fracture.  The  first  rope  was  5^  inches  in 
circumference,  with  a  lay  of  41  inches  ;  this  was  soon  diminished  to  3  inches, 
and  it  broke  continually.  It  was  replaced  by  a  rope  from  which  the  tar  had 
been  expelled  hy  pressure;  that  was  soon  worn  out,  and  the  fibie  appeared 
completely  destroyed.  Wire  ropes  of  various  kinds  were  then  tried  ;  and  at 
last,  by  the  introduction  of  swivels,  and  recently  by  an  improved  construc- 
tion of  them,  the  bad  effects  of  the  twisting  were  obviated,  although  it  still 
took  place.  la  spite  of  the  rapid  destruction  of  the  hemp  rope,  he  was  of 
opinion,  that  as  a  mere  question  of  cost,  it  would  be  found  cheaper  than 
wire  rope,  as,  when  partially  destroyed,  the  former  had  still  a  certain  value, 
but  the  latter  was  comparatively  valueless. 

Mr.  R.  Stephenson  stated  tiiat  he  was  unable  to  account  satisfactorily 
for  the  twisting  of  the  rope.  He  imagined  that  it  might  be  caused,  in  some 
degree,  hy  its  being  coiled  over  the  drum  at  the  Minories  end,  and  under  the 
drum  at  the  Blackwall  end  of  the  railway.  The  lateral  action  of  the  groove 
of  the  inclined  guide  pulleys  might  also  influence  it,  particularly  on  the 
sharpest  curves.  Ropes  composed  of  lengths,  with  a  right-hand  and  a  left- 
hand  lay  alternately,  had  been  tried,  but  inclTectually  ;  the  twisting  still  con- 
tinued, and  the  bad  effects  were  only  counteracted  by  the  swivels.  It  might 
have  been  imagined  that  the  rope  would  have  untwisted,  and  thus  have  length- 
ened; hut,  on  the  contrary,  it  became  more  tightly  twisted,  its  diameter 
diminished,  and  still  its  length  increased,  apparently  from  the  pull  of  the 
engines  upon  it.  It  was  evident  from  the  appearance  of  the  fracture,  when 
one  occurred,  that  the  material  was  wrenched  asunder  by  a  twisting  action. 
The  breakages  occurred,  however,  very  seldom  at  present;  not  oftener  than 
once  or  twice  in  a  month,  during  which  time  nearly  three  thousand  journeys 
were  made,  and  then  they  arose  generally  from  the  carelessness  of  the 
hreaksmen,  who,  it  must  be  remembered,  received  their  instructions  from  a 
distance  of  three  miles,  by  the  electric  telegraph.  The  were  six  swivels  in 
the  rope,  one  at  every  half-mile.  The  destructive  effects  of  the  twisting 
would  probably  he  diminshed  by  a  larger  number  of  ss\'ivels,  hut  they  were 
very  objectionable,  in  preventing  the  regular  laying  of  the  rope  upon  the 
drum.  On  the  inclined  planes  in  the  north  of  England,  where  ropes  had 
been  used  for  many  years,  this  twisting  was  not  ohserved  ;  hut  there  the 
engines  were  at  one  end  only  ;  whereas,  on  the  Clackwall  railway,  the  en- 
gines at  both  ends  working  simultaneously,  might  probably  have  a  tendency 
to  cause  the  twisting.  Twenty  years  ago  he  had  tried,  in  the  North,  ma- 
chinery similar  to  that  suggested  by  Mr.  Farey,  for  laying  the  rope  on  the 
drum ;  but  in  consequence  of  the  general  diminution  of  diameter  of  the  rope 
from  the  stretching,  and  the  inequalities  occasioned  by  the  splices,  the  ma- 
chinery was  constantly  put  out  of  order,  and  was  eventually  destroyed.  On 
the  Blackwall  line,  the  men  had  acquired  considerable  dexterity  in  directing 
the  rope  with  the  levers  or  shears,  and  he  thought  it  would  scarcely  be  pos- 
sible to  improve  that  part  of  the  system. — Some  difficulty  had  been  appre- 
hended from  the  use  of  condensing  engines,  on  account  of  the  lime  required 
for  forming  the  vacuum;  it  had,  however,  been  met  by  having  a  small  engine 
constantly  working  to  keep  up  the  varuuni  and  to  pump  water.  High- 
pressure  engines  were  generally  used  with  rope  traction,  in  order  to  avoid 
this  difficulty.  He,  however,  preferred  the  use  of  condensing  engines,  with 
a  small  supplementary  engine,  and  believed  them,  at  the  same  time,  to  be 
jQve  economical. 


Mr.  A.  WiGBTMAN  stated  that  the  wire  rope  was  manufactured  by  Messrs. 
Newall,  of  Gateshead,  The  wire  was  unannealed,  and  the  weight  of  the 
rope  was  10  lb.  per  fathom,  except  two  lengths  of  half  a  mile  each,  which 
weighed  12  lb.  per  fathom;  these  lengths  were  so  placed,  that  the  main 
trains  to  or  from  Blackwall,  were  always  attached  upon  them.  The  swivels 
were  at  first  rivetted  into  the  rope,  but  it  was  found  that  at  least  two-thirds 
of  the  fractures  of  the  rope  occurred  where  the  first  rivet  was  inserted.  In 
order  to  prevent  this,  the  swivels  were  spliced  into  the  rope;  this  was  done 
hy  unstranding  about  a  yard  and  a  half  of  the  rope,  passing  the  strands 
tlirough  an  eye  in  the  swivel,  and  then  splicing  them  back  into  the  rope. 
Swivels  thus  inserted  would  last  three  months  without  renewing,  and  the  lay 
of  the  rope  had  been  preserved  ijy  them.  Breakages,  however,  still  occurred, 
hut  (except  from  carelessness),  they  rarely,  if  ever,  took  place  in  a  rope  less 
than  a  year  old  ;  after  that  time  the  rope  began  to  lose  its  strength,  from 
the  oxidation  that  took  place,  wherever  the  strands  came  in  contact  with 
the  hemp  core,  and  although  a  rope  might  appear  sound  after  it  had  been 
in  use  for  a  year  and  a  half,  yet  on  opening  it,  a  considerable  extent  of  oxi. 
dation  would  he  discovered.  The  rope-makers  in  the  North  attributed  this, 
in  a  great  measure,  to  the  serving  of  the  rope  with  spun  yarn,  which  bad 
been  adopted  on  the  Blackwall  railway,  chiefly  to  prevent  the  noise  occa- 
sioned  by  the  rope  passing  over  the  sheaves.  Experiments  were  in  progress, 
with  a  view  to  doing  away  with  the  serving  of  tne  rope,  by  covering  the 
sheaves  with  hard  leather,  which,  if  successful,  would  be  the  means  of  saving 
the  company  a  large  expense  in  keeping  up  the  serving,  and  would  take  a 
weight  of  about  12  tons  off  the  engines,  and  reducing  also  the  cost  of  fuel. 
With  regard  to  hempen  ropes,  both  tarred  and  white  ropes  had  been  tried, 
but  they  had  totally  failed,  some  of  them  not  lasting  more  than  two  months. 
These  ropes  had  a  great  tendency  to  twist,  and  from  their  bulk  it  was  very 
difficult  to  counteract  it  by  the  insertion  of  swivels.  The  wire  ropes  were, 
consequently,  the  cheapest ;  for  although  there  was  a  difference  in  the  ori- 
ginal cost,  as  also  on  the  return  for  the  old  ropes,  yet  the  duration  of  the 
wire  rope  was  so  much  greater,  that  it  more  than  compensated  for  the  in- 
crease in  price. 

The  charges  for  the  motive  power,  for  the  year  1845,  amounted  to 
±"11,302  Is.  Id.;  during  that  time  there  were  run  105  trains  per  day, 
3J  miles  each,  or  38,325  trains  per  annum,  at  an  average  cost  of  5s.  10|<i. 
per  train,  or  Is.  d^d.  per  mile. 

Although  the  present  cost  of  working  the  line  by  the  rope  system  was 
high,  yet  by  no  other  system  had  they  been  able  satisfactorily  to  effect  the 
accommodation  of  stopping  at  the  various  stations,  without  iuterferiug  with 
the  "  through  traflic." 


FOSSIL  FOOTMARKS  IN  THE  COAL  FORMATION. 

Mr.  Lyell  delivered  a  lecture  at  the  Royal  Institution,  on  February  4th, 
"  On  the  Fossil  Footmarlts  of  a  Reptile  in  the  Coal  Formation  of  the  Alleg- 
hany Mountains. 

Mr.  Lyell  began  hy  observing  that,  notwithstanding  the  numerous  re- 
mains of  land  plants  in  the  carboniferous  strata  and  the  evidence  they  afli'ord 
of  the  existence  of  large  tracts  of  dry  land  (the  exact  position  of  which  is 
often  indicated  by  seams  of  coal  and  buried  forests),  no  monuments  of  any 
air-breathing  creatures  had  been  detected  in  rocks  of  such  high  antiquity 
until  Dr.  King,  in  1844,  published  his  account  of  the  foot-prints  of  a  reptile 
occurring  in  sandstone  in  Pennsylvania  (see  Silliman's  Journal,  vol.  48,  page 
343).  These  fossil  tracks  were  found  in  a  stone  quarry  five  miles  south-ea»t 
of  Greensburg,  and  about  twenty  miles  east  of  Pntsburgh,  appearing  on  the 
under  surfaces  of  slabs  of  argillaceous  sandstone  extracted  for  paving.  They 
project  in  relief,  being  casts  of  impressions  formed  in  a  subjacent  layer  of 
fine  unctuous  clay,  and  they  are  accompanied  by  numerous  casts  of  cracks  of 
various  sizes,  evidently  produced  by  the  drying  and  shrinking  of  the  clayey 
mud.  These  cracks  occasionally  traverse  the  foot-prints,  showing  that  the 
shrinkage  took  place  after  the  animal  had  walked  over  the  soft  mud,  and 
before  it  had  begun  to  dry  and  crack.  Mr.  Lyell  exhibited  a  slab  which  he 
had  brought  from  the  quarries,  having  visited  them  with  Dr.  King;  and 
then  proceeded  to  point  out  the  differences  between  these  foot-prints  and 
those  of  the  European  cheirotherium  found  in  Saxony  and  in  Warwickshire 
and  Cheshire,  always  in  the  upper  part  of  the  new  red  sandstone  or  trias. 
In  the  European  hand-shaped  foot-marks,  from  the  form  of  which  the  ani- 
mal was  called  by  Kaup,  cheirotherium,  both  the  hind  and  fore  feet  have 
each  five  toes,  and  the  size  of  the  hind  foot  is  about  five  times  as  large  as 
the  fore  foot.  In  the  American  fossil  the  posterior  foot-piint  is  not  twice 
as  large  as  the  anterior,  and  the  number  of  toes  is  unequal,  being  five  in  the 
hinder  and  four  in  the  anterior  foot ;  as  in  the  European  cheirotherium  the 
fifth  toe  stands  out  nearly  at  a  right  angle  with  the  foot,  and  somewhat 
resembles  the  human  thumb.  On  the  external  side  of  all  the  Pennsylvanian 
tracks,  both  the  larger  and  smaller,  there  is  a  protuberance  like  the  rudi- 
ment of  another  toe.  The  average  length  of  the  hind  foot  is  bjg  inches,  and 
of  the  fore  foot  4j.  The  fore  and  hind  feet  being  in  pairs  follow  each  other 
very  closely,  there  being  an  interval  of  about  one  inch  only  between  them. 
Between  each  pair  the  distance  is  six  to  eight  inches,  and  between  the  two 
parallel  lines  of  tracks  there  is  about  the  same  distance.  In  the  case  of  the 
English  and  German  cheirotherium,  the  hind  and  fore  feet  occur  also  in 
j>airs,  but  they  form  only  one  row,  in  consequence  of  the  animal  having  put 


18-lS.l 


THE  CIVIL  ENGINEER  AND  ARCHITECT'S  JOURNAL. 


87 


its  feet  to  the  ground  nearly  under  the  middle  of  its  body,  and  the  thumb- 
like toes  are  seen  to  turn  to  the  right  and  to  the  left  in  the  alternate  pairs; 
while  in  tlie  American  tracks,  which  form  two  parallel  rows,  all  the  thumb- 
like toes  in  one  set  turn  to  the  right,  and  in  the  other  set  to  the  left.  Mr. 
I.yell  infers,  therefore,  that  the  American  cheirotherium  belongs  to  a  new 
genus  of  reptilian  quadrupeds,  wholly  distinct  from  that  which  characterises 
the  triassic  strata  of  Europe  ;  and  such  a  generic  diversity,  he  observes, 
might  have  been  expected  in  reptilian  fossils  of  such  different  ages.  The 
geological  position  of  the  sandstone  of  Greensburg  is  perfectly  clear,  being 
situated  in  the  midst  of  the  Appalachian  coal-field,  having  the  main  bed  of 
coal,  called  the  Pittsburg  seam,  a  hundred  feet  above  it  worked  in  the  neigh- 
bourhood, and  several  other  seams  of  coal  at  lower  levels.  The  impressions 
of  lepidodendron,  sigillaria,  stigmaria,  and  other  carboniferous  plants,  are 
found  both  above  and  below  the  level  of  the  reptilian  footsteps.  Mr.  Lyell 
then  adverted  to  some  spurious  fossil  foot-prints  of  dogs,  hoofed  quadru- 
peds, birds,  and  other  creatures  seen  on  the  surface  of  ledges  of  a  soft 
guartzose  sandstone  in  the  neighbourhood  of  Greensburg,  which  had  been 
confounded  with  the  fossil  ones.  He  pointed  out  the  proofs  that  these  had 
been  carved  by  the  ancient  inhabitants  of  America,  whose  graves  are  seen 
in  the  vicinity  ;  and  that  the  Indian  hunters  had  sculptured  similar  bird- 
tracks,  together  with  human  foot-prints,  in  solid  limestone  of  the  State  of 
Missouri, — the  true  origin  of  which  was  first  explained  by  Mr.  D.  D.  Owen, 
of  Indiana. 

To  illustrate  the  mode  of  interpreting  fossil  foot-prints  in  geology,  Mr. 
Lyell  gave  a  sketch  of  the  discovery  of  three  distinct  species  of  cheirothe- 
rium in  Europe, — and  explained  bow,  after  it  had  been  conjectured  by  Link 
that  they  might  belong  to  gigantic  hatrachians,  Mr.  Owen  found,  by  exa- 
mining the  teeth  and  bones  of  reptiles  of  triassic  age,  that  three  different 
species  of  air-breathing  reptiles  of  the  batrachian  order,  referable  to  a  new 
genus,  labyrinthodon,  had  existed,  both  in  Germany  and  England,  at  that 
period  ;  their  fossil  bones  indicating  that  they  were  air-breathers,  and  there 
being  as  great  a  disparity  in  size  between  the  bones  of  their  anterior  and 
posterior  extremities  as  between  the  fore  and  hind  foot-prints  of  the  several 
cheirotheria.  To  account  for  the  sharpness  of  the  casts  of  cheirotherium 
on  the  under  surfaces  of  slabs  of  sandstone,  Mr.  Lyell  adverted  to  the  man- 
ner in  which  he  had  seen,  on  the  sea-beach,  near  Savannah  in  Georgia,  a 
cloud  of  fine  sand  drifted  by  the  wind  filling  up  the  foot-prints  of  racoons 
and  opossums,  which,  a  few  hours  before,  bad  passed  along  the  shore  after 
the  retreat  of  the  tide.  Allusion  was  also  made  to  the  recent  foot-prints  of 
birds  called  sandpipers  {Tringa  minuta),  which  Mr.  Lyell  saw  running,  in 
1842,  over  the  red  mud  thrown  down  every  tide  along  the  borders  of  estua- 
ries connected  with  the  Bay  of  Fundy,  in  Nova  Scotia.  These  consist  both 
of  impressions  on  the  upper  surfaces  and  of  casts  in  relief  on  the  under  sides 
of  successive  layers  of  red  mud  (see  Lyell's  "  Travels  in  North  America," 
vol.  ii.  p.  166), — of  which  he  has  presented  a  specimen  to  the  British  Mu- 
seum. The  ancient  foot-prints  of  more  than  thirty  species  of  birds  found 
fossil  in  the  new  red  sandstone  or  trias  of  the  valley  of  the  Connecticut 
river,  in  Massachusetts,  were  stated  to  be  analogous  to  these  modern  bird- 
tracks  ;  and  the  size  of  the  largest,  although  they  indicate  a  biped  more 
huge  than  the  ostrich,  is  exceeded  in  magnitude  by  the  gigantic  deiuornis  of 
New  Zealand — of  which  nearly  the  entire  skeleton  has  just  been  found  fossil 
by  Mr.  Walter  Mantell.  The  absence  hitherto  of  the  bones  of  birds  in  the 
ancient  American  strata  of  the  triassic  period  appears  to  Mr.  Lyell  quite 
intelligible;  for  the  circumstances  which  combine  to  cause  foot-prints  of 
landpipers  in  the  recent  mud  of  the  Bay  of  Fundy,  repeated  throughout 
many  superimposed  layers,  have  no  tendency  to  preserve  any  bones  of  the 
same  birds, — and  none  have  yet  been  ever  observed  in  cutting  trenches 
through  the  red  mud,  where  it  has  been  laid  dry  by  artificial  embankments 
and  drained. 

In  all  the  cases  of  foot-prints,  hoth  fossil  and  recent,  and  whether  made 
by  quadrupeds  or  bipeds,  the  lecturer  insisted  on  the  necessity  of  assuming 
that  the  creatures  were  air-breathers,  for  their  weight  would  not  have  been 
sufficient  under  water  to  have  made  impressions  so  deep  and  distinct.  The 
same  conclusion  is  borne  out  by  the  evidence  derived  from  the  casts  of 
(racks  produced  in  the  same  strata,  by  shrinkage,  and  so  generally  accom- 
panying the  impressions  of  feet ;  and  it  was  remarked  that  similar  effects  of 
dessication  are  observable  in  the  recent  red  mud  of  Nova  Scotia,  where 
thousands  of  acres  are  dried  by  the  sun  in  summer,  between  the  spring  and 
neap  tides.  The  ripple  mark  also  so  common  in  strata  of  every  age,  and 
among  others  in  the  coal  measures,  and  new  red  sandstone  of  Germany, 
England,  and  America,  exemplifies  the  accurate  preservation  of  superficial 
markings  of  strata,  often  less  prominent  than  those  caused  by  the  tread  of 
reptiles  or  large  birds.  As  the  discovery  of  three  species  of  cheirotheria 
was  soon  followed  by  the  recognition  of  as  many  species  of  labyrinthodon, 
so  the  announcement  by  Dr.  King,  in  1844,  of  reptilian  foot-prints  in  the 
coal  strata  of  Pennsylvania,  has  been  followed  by  the  news  lately  received 
from  Germany,  that  in  the  ancient  coal  measures  of  Saarbruck,  near  Treeves, 
the  antiquity  of  which  is  vouched  for  by  Von  Dechen,  Prof.  Goldfuss  has 
found  the  skeleton  of  a  true  saurian.  Dr.  Falconer,  after  a  cursory  exa- 
mination of  the  original  specimen,  has  stated  his  opinion  in  favour  of  its 
reptilian  character,  and  although  the  evidence  has  not  yet  been  rigourously 
tested  by  the  most  eminent  comparative  osteologists  of  Europe,  Mr.  Lyell 
believes  that  the  opinion  of  Prof.  Goldfuss  and  Dr.  Falconer  will  be  con- 
firmed. Such  facts  should  serve  to  put  us  on  our  guard  against  premature 
generalizations  founded  on  mere  negative  evidence,  and  caution  us  not  to 


assume  the  present  limits  of  our  knowledge  of  the  time  of  the  first  appear- 
ance of  any  class  of  beings  in  a  fossil  state  to  be  identical  with  the  date  of 
the  first  creaiiiin  of  such  beings. 


FROCSBOINGS   OF  SCIEiWTiriC  SOCIETIES. 

INSTITUTION  OF  MECHANICAL  ENGINEERS. 

Jan.  2C.— J.  E.  M'Connell,  Esq.,  V.P.,  in  the  Chair. 

The  first  annual  general  meeting  of  the  raeinbers  of  this  Institution  took 
place  at  Birmingham,  in  the  theatre  of  the  Philosophical  Institution,  for  the 
purpose  of  receiving  the  Report  of  the  Council  and  for  the  general  trans- 
action of  business.     There  were  present  nearly  100  members. 

Mr.  M'Connell  said  that  as  this  was  the  anniversary  of  the  establish- 
ment of  the  Institution,  he  would  content  himself  with  referring  to  the 
Report  about  to  he  read  for  the  confirmation,  he  might  say,  of  the  mors 
than  realised  hopes  of  the  most  sanguine  promoters  of  the  Institulion.  lU 
was  gratified  to  see  so  large  a  meeting,  and  regretted  the  unexpected  abseiic* 
of  the  President. 

The  Report  of  the  Council  was  then  read.  It  contained  a  brief  outline  of 
the  proceedings  of  the  Institution  for  the  past  year: — The  desirableness  and 
importance  of  founding  a  society  such  as  this  was  known  to  have  been  long 
and  extensively  felt  by  the  engineering  and  mechanical  profession  in  all  parts 
of  the  kingdom,  and  it  is  not  too  much  to  venture  to  say,  that  the  best 
expectations  of  the  active  and  zealous  promoters  of  the  Institution  bav« 
been  fully  realised,  and  a  great  amount  of  scientific  and  valuable  information 
has  been  beneficially  and  mutually  interchanged  and  diffused  amongst  tlis 
members.  In  reviewing  the  matter  and  subjects  brought  under  the  notic* 
and  discussion  of  the  members,  as  recorded  and  detailed  in  the  minutes  and 
proceedings  of  the  Institution,  the  Council  felt  it  their  duty  to  acknowledge 
and  particularise  the  following  valuable  aid  : — the  two  papers  on  the  "  Fan- 
Blast,"  by  Mr.  Buckle  ;  on  a  "  Self-Acting  Break,"  by  the  President ;  on  an 
"Inverted  Arch  Bridge,"  by  Mr.  Cowper  ;  on  "Locomotive  Engines,"  by 
Mr.  Beyer;  on  a  "  Turn-Table  Lathe,"  by  Mr.  A  Slate;  on  "Jones's  Gas 
Exhauster,"  by  Mr.  Clift ;  on  a  "  Direct  Action  Steam  Helve  or  Hammer," 
by  Mr.  H.  Smith. 

The  following  recommendation  of  the  Council  was  then  read : — 

"  The  Council,  having  had  under  their  consideration  the  question  of  the 
number  of  the  members  of  the  Council,  have  resolved  to  recommend  to  ths 
members  of  the  Institution  to  authorise  the  Council  for  the  present  year  Co 
add  to  their  number,  so  as  to  place  one  member  of  Council,  or  more,  as  may 
be  considered  desirable,  in  each  district  where  such  may  be  advantageous  to 
the  interests  of  the  Institution." 

A  resolution  to  the  above  effect  having  been  proposed,  was  carried  unani- 
mously. 

The  officers  for  the  ensuing  year  were  then  re-elected,  viz. : — Mr.  G.  Sts- 
phenson,  President ;  Mr.  C.  Beyer,  J.  E.  M'Connell,  and  J.  Mdler,  Vice- 
Presidents  ;  Messrs.  W.  Buckle,  E.  A.  Cowper,  B.  Fothergill,  E.  Humphreys, 
and  A.  Slate,  Council ;  Mr.  C.  Goocb,  Treasurer;  Mr.  A.  Kintrea,  Secretary. 

After  the  conclusion  of  the  business  connected  with  the  annual  general 
meeting,  the  following  papers  were  read  : — 

HYDRAULIC  LIFTING  JiCK. 
"  Description  of  a  New  Hydraulic  Lifting  Jack."     By  Mr.  Ald.  Thork- 

TON. 

The  principle  of  this  jack  is  the  same  as  that  of  the  hydraulic  press,  but 
not  having  been  before  applied  to  a  lifting  jack,  it  is  thought  that  the  present 
application  of  it  will  be  useful  for  a  variety  of  purposes.  Its  advantages 
are,  the  ease  and  steadiness  with  which  a  great  weight  can  be  raised  by  one 
person  ;  the  facility  with  which  the  lowering  of  the  weight  can  be  regulated 
without  labour,  and  from  there  being  no  circular  motion  of  the  handle,  there 
can  be  no  tendency  in  the  jack  to  twist  from  the  position  in  which  it  is 
placed  ;  also  by  the  use  of  strong  wrougbt-iron  tubes  for  the  cylinder  and 
ram,  the  weight  of  the  jack  is  less  than  others  now  known.  This  jack  can 
be  used  in  all  cases  where  others  are  available,  and  in  some  where  others 
are  not  so,  for  the  motion  of  the  lever  being  vertical  instead  of  lateral,  it 
can  be  used  wherever  there  is  sufficient  width  to  place  it.  With  a  jack  of 
the  size  shown  one  man  can  lift  from  15  to  20  tons  weight.  Mr.  Thornton 
said  although  the  jack  was  not  new  in  principle,  one  of  its  great  advantages 
was  to  be  found  in  the  additional  power  which  it  gave  to  one  man  to  raise 
so  great  a  weight. 

The  Chairman  said  he  presumed  they  all  understood  the  description 
given  by  Mr.  Thornton.  The  jack  displayed  itself  by  its  own  appearance 
and  the  drawing.  So  far  as  the  trial  he  had  had  with  it  went,  be  had  every 
reason  to  be  satisfied.  It  was  very  simple,  acted  very  nicely,  and  he  thought 
it  was  a  very  ingenious  improvement. 

Mr.  Crampton  wished  to  know  if  it  had  ever  tumbled  down  ? 

Mr.  MiDDLEToN  said  all  persons  acquainted  with  such  things  must  be 
fully  aware  that  they  could  not  get  a  jack  boxed  up.  Until,  however,  an 
alteration  could  be  made  in  the  handle,  it  could  not  be  considered  a  good 
thing  practically. 

Mr.  Slate  observed  that  though  a  jack  might  not  be  practically  good 
when  placed  in  atumbling  position,  it  might  be  good  in  other  cases.    A  jack 
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like  the  one  now  before  tliem  miglit  l)c  useful  in  lifting  a  great  weight,  where 
the  ordinary  one  would  not  he  sufficient. 

Mr.  liucKLE  thought  that  the  jack  was  an  exceedingly  useful  instrument. 
An  orilinary  jack  would  be  much  more  liable  to  be  put  out  of  order  than 
the  one  before  them;  besides,  it  presented  greater  facilities  for  lowering 
weights. 

Mr.  MiLNEB  was  of  opinion  that  as  it  was  it  could  not  be  generally 
useful.  If  it  was  thrown  from  a  tender  to  the  ground  it  would  be  destroyed, 
and  their  endeavours  iliould  be  to  prevent  it,  if  possible,  from  capsizing. 

The  Chairman  said  Mr.  Thornton's  object  in  introducing  it  was  to  have 
the  benefit  of  their  experience. 

Mr.  FE.A.COCK  said,  that  for  locomotive  purposes  it  was  not  equal  to 
Heeley's  jack ;  still,  if  in  other  respects  it  possessed  advantages  over  ii,  tliey 
ought  not  of  course  to  condemn  it. 

In  answer  to  other  questions  by  various  members,  Mr,  Thornton  said  it 
would  lift  20  tons;  it  weighed  about  65  lb.;  and  its  price  was  12  guineas. 

Another  member  said  he  sliould  give  the  preference  to  Heeley's  jack. 
Lifting  jacks  when  laid  aside,  like  fire-engines  in  a  country  town,  not  being 
generally  required,  get  out  of  order,  and  he  was  afraid  that  the  one  before 
tliem  would  be  much  more  liable  to  injuries  of  that  kind  than  the  ordinary 
jack. 

The  Chairman  said,  it  appeared  that  it  was  objected  against  the  jack, 
that  it  was  liable  to  get  out  of  order,  and  that  it  had  not  the  advantages  of 
Heeley's  jack  in  lifting  from  below,  but  from  the  top;  at  the  same  time  it 
would  be  admitted  that  it  was  steady  in  action,  and  that  in  lowering  weight 
it  was  necessary  to  have  power  and  command,  so  as  to  do  it  slowly  and 
easily.  There  was  one  important  point  in  which  it  had  not  the  advantage, 
and  that  was  in  price.  In  articles  of  that  kind,  the  price  was  a  considera- 
tion. 

Mr.  Henderson  thought  that  the  jack  possessed  advantages  where  there 
was  a  great  weight  to  lift,  and  only  one  man  to  work  it.  Another  advantage 
was  the  steadiness  of  its  action.  The  great  objection  against  it  was  its 
liability  to  get  out  of  order.  If  they  wanted  a  jack  to  raise  20  tons,  he  was 
not  aware  that  they  could  get  any  other  to  do  it  with  the  same  degree  of 
steadiness. 


CYLINDER-BORING  MACHINE. 

"  On  the  Fitling-up  of  Ci/linders  for  Locomotive  Engines,  and  a  Descrip- 
tion of  a  Mactiine  for  Boring  them."     By  Mr.  C.  Beyer. 

The  desirableness  of  having  all  the  cylinders  of  every  class  of  locomotive 
engines  perfectly  alike,  so  that  they  may,  at  any  time,  be  changed  in  case  of 
accident,  or  be  replaced  by  spare  ones,  it  is  presumed  will  he  admitted  by  all ; 
the  difficulty  of  accomplishing  this  with  the  tools  hitherto  employed,  will  be 
known  to  most  who  are  engaged  in  this  branch  of  the  business.  These  con- 
siderations, and  the  defect  of  cylinders,  the  author,  from  time  to  time,  found 
necessary  to  have  rectified  before  passing  them  to  be  used,  induced  him,  in 
1843,  to  direct  his  attention  to  the  boring-machine. 

The  conditions  which  a  good  cylinder  boring-machine  should  fulfil,  may 
be  stated  as  follows: — 1.  That  it  should  make  the  cylinder  perfectly  round 
in  its  diameter,  and  parallel  in  the  direction  of  its  axis.  2.  That  the  bored 
inside  should  be  perfectly  concentive  or  parallel  with  the  outside  of  the 
barrel.  3.  That  the  projections  beyond  the  flauches,  if  there  be  any,  should 
be  true  with  the  internal  bore.  4.  That  every  strain  or  pressure  upon  the 
barrel  of  the  cylinder  whilst  boring  should  be  avoided.  The  boring-machine 
hereafter  to  be  described  has  been  found,  during  several  years'  practice,  to 
have  answered  these  conditions. 

Messrs.  Sharp,  Brothers  &  Co.  cast  their  cylinders  from  wood  patterns  in 
green  sand,  and  commence  the  process  of  fitting-up  by  describing  or  gauging 
off  a  circle  upon  each  end  of  the  cylinder,  concentive  to  the  barrel,  and 
having  formed  this  circle  the  ends  are  bevelled  inwards  by  chipping  to  an 
angle  corresponding  to  that  of  the  plates  of  the  cone  mandrill.  The  cylin- 
der  being  fastened  to  the  mandrill  is  put  into  a  two-foot  slide  lathe,  with 
facing  motion,  and  has  its  ends  faced  to  a  gauge,  and  its  projections  turned 
to  a  gauge,  and  cut  to  a  length  to  gauge.  There  are  further  two  uotches  cut 
out  of  two  cone  discs,  so  as  to  allow  of  applying  an  internal  gauge  for  the 
cmt-and-out  length  of  the  cylinder.  Thus  prepared  by  turning,  it  is  removed 
to  the  boring-machine,  inserted  between  two  plates,  the  faces  of  which  are 
planed,  and  the  holes  for  receiving  them  bored  from  the  boring-bar  in  their 
places ;  it  is  at  once  perfectly  concentive  with  setting,  and  needs  nothing  but 
clamping  to  the  plates  by  headed  bolts  or  clamps  by  its  flanches  to  be  ready 
for  commencing  boring.  For  placing  the  tops  of  the  steam-chests  and  valve 
facings  the  turned  ends  are  again  made  use  of  for  setting,  by  placing  upon 
the  planing-machine  table  brackets  placed  on  their  faces  and  bored  out  to 
the  same  gauge ;  the  cylinder  is  turned  to,  in  order  to  insure  the  parallelism 
of  these  parts  with  the  axis,  as  for  similar  reasons  the  inside  of  the  cylinder 
could  not  be  otherwise  than  concentive  with  the  outside  of  the  barrel.  The 
author  prefers  making  a  separate  set  of  gauges,  tackling,  &c.  for  each  size  of 
cylinders  rather  than  economise  by  making  one  do  for  many,  and  risk  the 
chance  of  mistakes ;  and  he  believes  that  the  plan  here  described,  to  work 
always  from  the  same  point,  is  most  likely  to  insure  accuracy,  as  the  faults 
made  by  neglect  of  the  workmen  are  not  multiplied  by  subaequent  opera- 
tions. 

The  boring-machine  bores  by  two  cylinders  at  the  same  time,  and  is  ar- 
ranged  to  bore  cylinders  of  2'  G"  strokes  and  from  10  to  20  inches  diame- 


ter. The  bed  is  that  of  a  common  slide  lathe,  suffi  'iently  long  to  carry  a 
double  set  of  driving  gear,  and  admits  of  a  sufficient  traverse  of  the  boring- 
carriage.  The  boiing-bar  is  supported  by  three  bearings,  the  former  of 
which  is  stationary  anil  firmly  fastened  to  the  bed  to  resist  tlie  end  and 
pressure  of  the  cub  when  boring  ;  the  latter  are  fixed  upon  the  carriage 
and  travel  with  it  along  the  boring-liar,  and  serve  for  securing  the  cylinder 
during  boring,  as  will  be  shown  hereafter.  To  cause  the  boring-carriage  to 
move  endways,  a  train  of  wheels  descends  at  the  back  of  the  machine  to  give 
motion  to  the  shaft,  and  is  transferred  by  means  of  a  feathered  worm  to  the 
worm-wheel  and  pinion,  both  of  which  move  loose  above  the  fast  stud  of 
the  carriage.  This  same  stud  serves  as  a  fulcrum  for  the  lever,  carrying  upon 
opposite  projections  the  intermediate  pinions,  which  gear  into  the  stud 
pinions.  It  will  be  clear,  therefore,  that  hy  setting  the  lever  in  such  a  posi- 
tion as  to  bring  one  pinion  into  gear  with  another  pinion  fast  on  the  rack- 
pinion  shaft,  motion  will  be  given  to  the  boring  carriage  in  one  direction  ; 
and  in  an  opposite  or  contrary  direction  by  moving  the  lever  so  as  to  bring 
the  pinions  to  gear  with  each  other;  and  this  carriage  will  be  stationary  or 
independent  of  the  driving  gear  altogether,  by  keeping  the  lever  in  its 
middle  position.  The  rack  pinion  shaft  is  extended  towards  the  front  of 
the  machine,  to  work  the  ca,-riage  by  hand  when  putting  in  or  taking  out 
the  cylinder.  A  provision  is  also  made  in  the  train  of  wheels  for  varying 
the  traverse  of  the  carriage  by  changing  the  pinion. 

To  hold  the  cylinder  while  boring,  the  top  of  the  carriage  is  formed  into 
a  kind  of  square  frame,  by  means  of  two  plates,  planed  on  the  inside  and 
fastened  to  the  sides  of  the  bearings  or  standards  and  two  cross  stretchers. 
These  latter  are  also  placed  upon  their  inner  faces  and  are  secured  to  the 
sides  and  top  of  the  boring-carriage,  and  have  holes  bored  in  them  when 
secured  in  their  places,  by  means  of  the  boring  head  upon  the  bar  corre- 
sponding in  diameter  to  the  turned  projecting  ends  of  the  cylinder  to  be 
bored.  It  will  be  seen,  therefore,  that  if  the  figure  of  the  cylinder  to  be 
bored  be  turned  to  the  same  gauges  as  the  holes  are  bored  to,  it  needs  only- 
inserting  and  clamping  fast  by  the  T  bolts  to  be  ready  for  boring  without 
requiring  any  setting  in  its  pan  whatever.  One  of  the  cross  stretchers  is  a 
fixture,  whilst  the  other  is  removed  every  time  a  new  cylinder  is  to  be  fixed. 
The  boring  head  is  a  fixture  upon  the  bar,  and  has  only  one  plain  square 
tire  for  boring,  ground  to  cut  either  way.  This  tool  fits  into  a  planed  recess 
made  slightly  dovetailed,  and  is  held  fast  by  a  set  screw,  and  easily  adjusta- 
ble to  any  diameter  by  another  of  these  machines.  We  employ  three  of 
these  machines — ^two  double  ones  and  a  single  one,  and  one  man  attends  to 
these  and  the  lathe  for  facing  and  turning  the  ends  of  the  rough  castings  of 
the  cylinders.  The  cylinders  are  cast  as  hard  as  we  are  able  to  cut  them 
with  the  best  cutting  tools  we  can  make,  and  we  find  it  more  advisable  to 
complete  the  boring  in  three  cuts;  the  first  is  often  as  much  as  J  inch  in 
depth,  the  second  we  leave  about  ^  inch,  and  the  third  can  hardly  be  called 
cutting,  but  is  merely  dealing  up  or  finishing.  The  advance,  or  traverse,  we 
rarely  change,  and  is  set  to  -^  of  an  inch  for  each  revolution  of  the  boring- 
bar  ;  or  is,  for  quickest  speed  of  the  bar,  3  revolutions  per  minute  ;  in  the 
second,  1"8  revolution  per  minute;  in  the  third,  or  lowest  speed,  1'2  revolu- 
tion per  minute.  For  boiing  15  inch  cylinders — for  roughing  out,  TS  revo- 
lution per  minute,  or  cut  at  7  feet  per  minute  ;  for  boring,  3  revolutions  per 
minute,  or  cut  at  ll'78feet  per  minute;  and  for  finishing,  1'2  revolution  per 
minute,  or  cut  at  5-65  feet  per  minute. 

Mr.  Crampton  said  they  should  be  doing  very  great  injustice  to  the  very 
valuable  paper  they  had  heard  read  were  they  to  discuss  it  at  that  late  hour, 
and  he  should  propose  that  the  further  consideration  of  it  should  be  ad- 
journed till  the  next  meeting.  The  suggestion  was  adopted  and  the  meeting 
terminated. 


JACQUARD  PERFORATING  MACHINE. 

"  Description  of  a  Perforating  Machine,"  made  for  Mr.  Evans,  the  con- 
tractor for  the  iron  tubular  bridge  which  is  to  carry  the  Chester  and  Holy- 
head Railway  over  the  river  Conway.     By  Mr.  Fothebgill. 

This  machine  is  employed  to  perforate  the  plates  for  the  above-named 
bridge,  and  is  at  present  adapted  to  punch  such  pitches  only  as  that  work 
requires,  viz.,  3  inches  and  4  inches  from  centre  to  centre  of  rivet  holes,  with 
latitude  for  departing  considerably  from  those  (general)  pitches  in  the  lateral 
rows  of  the  holes.  This  machine  is  constructed  to  perforate,  at  each  stroke, 
a  row  of  holes  across  a  plate  3  ft.  5  in.  broad  ;  but,  by  employing  a  series  of 
card  plates  (similar  to  the  cards  used  in  the  Jacquard  loom),  any  number  of 
punches  may  be  put  out  of  action  at  pleasure ;  and  by  meaus  of  a  blank 
card  at  the  end  of  the  series,  the  machine  is  put  out  of  action  at  a  point 
where  no  obstacle  is  presented  to  the  taking  out  of  the  perforated  plate  and 
putting  a  blank  plate  in  its  stead.  The  operation  of  changing  plates, 
weighing  six  or  seven  hundredweight  each,  is  performed  by  half  a  dozen 
men  in  less  than  one  minute,  and  whilst  one  plate  is  being  punched,  these 
men  get  another  ready  to  put  into  the  machine.  As  these  machines  take 
eleven  to  twelve  strokes  per  minute,  it  follows  that  (with  a  4-inch  pitch)  a 
12  feet  plate  may  be  punched  in  less  than  four  minutes,  and  consequently 
that  (allowing  one  minute  for  changing)  it  may  perforate  twelve  such  plates 
per  hour.  Many  of  the  plates  in  the  bridge  are  12  feet  long,  2  ft.  Sin. 
broad,  and  J  inch  thick,  and  are  punched  for  rivets  I  inch  in  diameter.  As 
there  are  but  few  engineering  concerns  where  such  a  perforating  machine  as 
that  at  Conway  could  be  employed  more  than  an  hour  or  two  per  day,  it 
appears  to  be  very  desirable  that  ironmasters  should  have  them,  and  that 
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they  should  also  have  machines  for  straightening  and  bending  plates ;  by 
•which  means  they  would  be  enabled  to  supply  their  customers  with  plates  in 
a  fit  state  for  being  rivetted  together.  Were  this  system  brought  into  prac- 
tice, engineers  would  turn  their  attention  to  adapt  their  work  to  the  capa- 
bilities of  the  perforating  machine,  and  thus  great  perfection,  dispatch,  and 
economy  of  construction  would  be  the  result.  A  drawing  represented  a 
machine  (similar  in  principle  to  that  already  described)  adapted  to  perforat- 
ing paper  and  thin  sheet  metal,  such  as  sieves  and  window-blinds  are  made 
of,  in  which  plain  perforations,  arranged  in  squares,  may  be  made  by  a  single 
row  of  punches ;  and  perforations,  arranged  quincuncially,  may  also  be  made 
by  a  single  row  of  punches,  by  giving  to  the  plate  a  lateral  alternating 
motion  ;  but  a  double  row  of  punches,  arranged  intermediately  to  each  other, 
is  preferable.  Each  of  tliese  arrangements  admits  of  a  great  variety  of  fancy 
patterns  by  the  application  of  the  Jacquard  principle.  A  large  class  of  pat- 
terns may  be  produced  by  punches  of  various  forms  and  sizes,  which  shall  be 
so  grouped  together  as  to  give  to  the  work  a  columnar  effect ;  and  the  range 
of  this  class  maybe  extended  by  giving  the  plate  a  zig-zag  or  waved  motion, 
and  still  further  extended  by  combining  it  with  the  Jacquard.  Another  class 
of  patterns  may  be  produced  by  employing  two  distinct  sets  of  puncbes  of 
different  size  or  form,  and  with  each  set  a  Jacquard,  to  bring  punches  of  the 
one  or  other  set  into  action  as  required,  and  thus  be  made  to  produce  repre- 
sentations of  figures,  landscapes,  &c.,  at  pleasure.  A  further  variety  of  pat- 
terns might  be  produced  by  the  introduction  at  intervals  of  punches  contain- 
ing set  patterns,  such  as  sprigs,  flowers,  &c.,  and  perforating  the  ground 
■with  small  punches. 

The  foregoing  is  but  a  brief  description  of  the  capabilities  of  the  Jacquard 
Perforating  Machine,  which  in  good  hands  would  be  found  to  be  nearly  co- 
extensive with  those  of  the  Jacquard  loom.  Another  drawing  represented  a 
double-acting  machine  for  shearing  (at  the  one  side)  and  punching  (on  the 
other),  at  the  same  time,  plates  of  iron  J  inch  in  thickness  with  holes  li  in. 
in  diameter,  and  to  perform  both  processes  to  the  extent  of  18  inches  from 
the  edge  of  the  plate. 

The  Chairman  said  it  was  a  machine  represented  as  peculiarly  adapted 
for  perforating  plates  used  in  ship  steam-boilers,  girders,  &c.  But,  from 
the  description,  it  appeared  to  him  to  be  a  very  useful  machine  for  steam- 
boilers  generally.  Seeing  the  great  accuracy  with  which  the  punch  is  made, 
it  would  be  rather  interesting  to  follow  out  the  applicability  of  the  ma- 
chine. 

Mr.  Ald.  Thornton  asked  if  the  machine  punched  in  any  other  than  a 
straight  direction .' — Mr.  Fothergill  said  it  did,  and  it  would  punch  twelve 
holes  at  once. 

Mr.  Beyer  thought  it  was  a  very  excellent  punching  machine,  and  it 
might  be  applied  to  a  great  extent,  and  to  all  ordinary-sized  boilers. 

In  answer  to  questions  by  various  members,  Mr.  Fothergill  said,  all  the 
punches  acted  upon  the  plate  at  the  same  time. 

In  order  to  give  an  idea  of  the  nature  of  the  work  to  be  performed  by 
this  machine,  we  subjoin  the  annexed  diagram  and  description,  taken  from 
the  Manchester  Guardian  : — 

"  The  diagram  represents  a  portion  of  a  wrought-iron  plate,  which  we  will 
assume  to  be,  when  entire,  12  feet  long  by  2  feet  wide,  and  |  inch  in  thick- 
ness, and  requiring  to  be  perforated,  along  each  sides  and  ends,  by  a  row  of 
boles  exactly  four  inches  asunder  from  centre  to  centre,  and  each  an  inch 
in  diameter;  as  well  as  by  certain  intermediate  holes  of  the  same  size,  the 
situation  of  which  will  be  best  understood  from  the  diagrams. 


"  On  looking  to  the  left  hand  of  the  diagram  representing  the  entire  end  of 
the  plate,  it  will  be  seen  that  there  is  vertically  a  row  of  seven  dots,  repre- 
senting seven  perforations. or  rivet-holes.  These  perforations  the  machine 
makes  at  one  moment,  by  bringing  down  with  immense  force  seven  punches 
of  tempered  steel,  upon  that  part  of  the  plate  which  at  the  time  rests 
upon  the  same  number  of  dies,  also  of  tempered  steel.  These  perforations 
being  made,  the  punches  are  lifted  clear  of  the  plate,  which  is  then  moved 
forward  longitudinally,  exactly  four  inches ;  and  then  the  striking  peculiarity 
of  the  machine  comes  into  play. 

"  It  will  he  seen  on  looking  carefully  at  the  diagram,  that  the  second  row 
TCrtically  of  perforations,  counting  from  left  to  right,  instead  of  seven  eon- 
tains  only  two,  one  at  the  upper  and  the  other  at  the  lower  margin, 
each  forming  a  part  of  the  two  side  rows  of  rivet-holes.  These  two  holes 
the]  machine  perforates  also  at  one  blow ;  but  as  there  are  seven  punches, 
and  only  two  are  required,  the  five  intermediate  ones  are  thrown  out  of  use 
by  a  contrivance  exactly  similar  in  principle  to  that  of  the  Jacquard  loom, 
by  which  figures  are  produced  in  silks  and  other  fabrics.  The  third  vertical 
TOW  of  holes,  still  continuing  from  the  left,  consists  of  four,  the  fourth 
again  of  two,  the  fifth  of  three,  and  so  on,  the  number  varying  through  the 
whole  length  of  the  plate  ;  and,  in  each  case,  the  machine  itself,  without  the 
slightest  interference  of  the  workman,  moves  the  plate  on  to  the  required 
distance,  selects  the  proper  number  and  right  situation  of  the  punches,  makes 


the  requisite  number  of  perforations,  and  throws  itself  out  of  action  when 
the  plate  is  completed.  Those  who  are  aware  of  the  force  necessary  to  per- 
forate an  iron  plate  of  moderate  thickness,  even  with  a  single  punch  of  small 
size,  may  form  some  judgment  of  the  enormous  power  required  to  impel 
seven  punches,  each  an  inch  in  diameter,  through  plates  three-quarters  of  an 
inch  thick  ;  and  it  is  a  little  singular  to  see  this  enormous  power  regulated 
in  its  operation  by  the  identical  means  employed  in  producing  figures  in  the 
most  delicate  fabrics.  The  machine  is  calculated  to  make,  when  necessary, 
twelve  perforations  by  one  stroke,  and  to  produce  any  requisite  combination 
of  twelve  or  any  Bmaller  number  of  punches,  at  distances  of  three  or  four 
mches  from  each  other.  The  speed  with  which  the  work  is  performed  may 
be  understood  from  the  fact,  that  it  regularly  completes  the  perforation  of 
one  plate  of  the  size  above  described,— namely,  12  feet  long  and  2  ft.  4  in. 
wide,— in  four  minutes;  and  if  the  plates  were  so  quicklv  supplied  as  to 
prevent  any  loss  of  time,  which  might  easily  he  done,  it  Would  complete 
them  regularly  at  that  rate.  As  it  is,  fifty  have  been  completed  in  four 
hours.  But  the  facility  and  dispatch  resulting  from  the  use  of  the  machine 
are  not,  perhaps,  its  greatest  merits,  so  far  at  least  as  tlie  coustruction  of 
tubular  bridges  and  beams  are  concerned.  In  such  cases,  the  strength  of 
the  fabric  depends  in  a  great  degree  upon  the  whole  of  the  rivets  completely 
filling  the  perforations,  retaining  a  regular  cylindrical  form,  continuing  per- 
fectly straight,  and  being,  throughout  then:  length,  exactly  at  right  angles 
with  the  faces  of  the  plates.  As  each  of  the  perforations  represented  in  the 
diagram  is  intended  to  correspond  with  a  similar  perforation,  either  in 
another  plate,  or  in  an  angle  or  T  iron,  it  must  be  obvious  that  deviations  in 
opposite  directions  of  a  sixteenth  of  an  inch  in  each,  would  prevent  them 
fitting  each  other  by  an  eighth  of  an  inch  altogether;  and,  whatever  might 
be  done  by  enlarging  one  or  both  of  the  holes,  to  bring  them  a  little  nearer 
each  other,  the  firmness  and  strength  of  the  work  must  be  impaired  by  he 
direction  of  the  rivet  being  rendered  in  some  degree  oblique,  instead  of  being 
exactly  at  right  angles  with  the  plate  ;  whilst,  in  the  work  perfoimed  by  the 
machine,  the  perforations  are  set  out  with  such  accuracy  that  they  always 
correspond  precisely,  and  the  rivets  retain  their  proper  form  and  direction.'' 

The  Dinner. — In   the  evening  the  members  and  friends,  amounting  to 
about  100,  dined  together  at  the  Queen's  Hotel— Mr.  M'Connell  presiding. 


ROYAL  INSTITUTE  OF  BRITISH  ARCHITECTS. 

Jan.  24. — Mr.  Charles  Fow»ler,  V.P.,  in  the  Chair. 

The  donations  included  a  number  of  works  by  the  celebrated  archsologist, 
M.  de  Caumont,  of  Caen,  a  corresponding  member  of  the  Institute.  Mr. 
Wallen  sent  a  portion  of  the  mosaic  pavement  found  nine  feet  below  the  pre- 
sent level,  while  digging  the  foundations  for  the  new  warehouses  of  Messrs. 
Morley,  at  the  corner  of  Gresham-street  and  Wood-street.  Mr.  Wallen 
thought  a  Roman  temple  formerly  stood  on  the  spot. 

Professor  Donaldson  read  a  paper  on  "  Caen,  its  Quarries  and  Buildings, 
with  a  few  words  on  Arras."  This  paper  we  have  given  in  full  in  another 
part  of  the  Journal. 

Some  very  high  compliments  were  paid  to  Mr.  Donaldson  on  this  valuable 
paper. 

Feb.  7. — Mr.  Angell,  V.P.,  in  the  Chair. 

Among  the  donations  reported  were  Canina's  work  on  Etruria,  sent  in  the 
name  of  the  Queen  of  Tuscany  ;  Mr.  Sharpe's  "  Architectural  Parallels  ;"  and 
eleven  volumes  of  the  "  Ban  Zeitung,"  the  architectural  journal  of  Vienna, 
edited  by  Mr.  Forster;  and  parts  of  Billings'  "  Antiquities  of  Scotland." 

Mr.  Wright  sent  a  set  of  drawings  illustrative  of  the  ceiling  at  Carpenters' 
Hall,  London-wall. 

Mr.  G.  L.  Tavlor  read  a  paper  in  reference  to  the  New  Western  Gas 
Company,  entitled  "  Some  observations  on  Gas-works,  and  the  details  of  the 
Manufacture  of  Gas ;  with  the  view  of  showing  that  it  is  capable  of  being 
rendered  so  Pure  as  to  be  introduced  beneficially  throughout  Houses,  Manu. 
factories,  and  Public  Buildings," 

Mr.  Burn  observed  that  formerly  he  resided  at  Edinburgh  ;  that  he  had 
twice  as  many  burners  as  he  now  has  in  London,  and  paid  at  a  much  higher 
rate,  being  9s.  per  1,000  cubic  feet.  The  gross  charge  at  Edinburgh  was 
however  only  one-half  of  the  London  gross  charge,  arising  from  the  superior 
illuminating  qualities  of  the  Edinburgh  gas.  It  is  true,  the  latter  is  made 
from  Cannel  coal ;  but  there  is  an  unfortunate  temptation  to  gas  compa- 
nies to  deteriorate  the  quality  of  gas,  in  consequence  of  the  charge  being 
made  on  the  quantity.  He  further  observed,  that  though  the  Edinburgh  gas 
is  superior  in  illuminating  power,  it  is  not  free  from  impurities  ;  in  proof  of 
which  he  said  all  the  book-binding  and  leather  furniture  of  a  new  club-house 
at  Edinburgh  had  been  destroyed  by  tlie  gas,  as  the  book-binding  of  the 
Athenaeum  club-house,  in  London,  has  likewise  been  injured. 

Mr.  Palmer  dwelt  upon  the  importance  of  the  purification  of  gas,  and 
said  that  the  new  plan  showed  its  practicability. 

The  Western  Gas  Company  have  their  works  in  a  building  at  Kensal- 
green,  166  feet  in  diameter.  They  propose  to  use  Cannel  coal,  and  supply 
gas  at  6s.  per  thousand  feet,  which  they  say  is  as  cheap  as  common  gas  at  4s. 
per  thousand. 
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INSTITUTION  OF  CIVIL  ENGINEERS. 

Feb.  1. — Joshua  Field,  Esq.,  President,  in  the  Chair. 

The  President,  in  taking  the  Chair  for  the  first  time  since  his  election, 
addressed  the  memhers  at  considerable  lengtli,  dwelling  chiefly  on  the  inti- 
mate connection  between  the  civil  and  mechanical  engineers,  their  depend- 
ence upon  each  other,  and  the  importance  of  maintaining  that  union  between 
the  two  branches  of  the  profession  that  had  ever  been  one  of  the  main 
objects  of  the  Institution.  He  showed,  that  originally  engineering  was  con- 
fined to  the  constructive  or  mechanical  branches;  raising  heavy  weights, 
building  mills,  draining  mines,  and  all  the  primitive  wants  of  mankind  ; 
by  degrees,  as  civilisation  extended,  the  exigencies  of  the  world  became 
greater ;  luxuries  were  required,  that  could  only  be  supplied  by  greater  ex- 
ercise of  talent  and  skill ;  manufactories  were  multiplied,  manual  labour 
could  no  longer  suffice,  the  steam-engine  was  generally  employed,  and  the 
consequence  of  this  increase  of  production  was,  that  the  roads  required  to 
be  amended,  rivers  and  canals  to  be  cut,  for  carrying  this  abundance  of  mer- 
chandise and  passengers,  whilst  docks  and  harbours  required  extending,  for 
the  reception  of  the  shipping  for  the  increasing  export  trade.  These  wants 
called  into  being  another  class  of  men,  who,  with  great  mechanical  skill, 
combined  more  than  ordinary  theoretical  knowledge  and  business  habits,  to 
enable  them  to  combine  and  use  the  powers  of  all  other  classes.  These  men 
were  termed  civil  engineers,  in  contradistinction  to  military  engineers,  whose 
education  and  experience  fitted  them  solely  for  the  art  of  war ;  and  by  these 
men.  Great  Britain  had  been  placed  first  in  the  list  of  the  civilizers  of  man- 
kind.  Mr.  Field,  as  the  first  president  elected  from  among  the  mechanical 
engineers,  dilated,  at  length,  upon  the  immense  strides  made  within  the  last 
century  in  the  production  of  the  mechanic  arts  and  in  public  works,  under 
the  combined  efforts  of  the  two  classes  alluded  to.  lie  then  entered  more 
minutely  upon  tlie  subject  of  steam  navigation,  to  which  he  had  principally 
devoted  his  personal  attention,  and  gave  most  interesting  details  of  the  sub- 
ject,  ending  by  apologising  for  occupying  so  much  of  the  time  of  the  meet- 
ing  by  saying,  that  be  must  be  permitted  to  feel  more  than  ordinary  pride  in 
being  elected  the  president,  when  be  looked  around  bim,  and  saw  that  the 
association  of  six  young  engineers,  who,  in  1818,  met  occasionally  to  chat 
over  mechanical  subjects,  had  extended,  in  the  course  of  twenty-nine  years, 
into  a  society  consisting  of  upwards  of  600  members,  and  comprising  within 
it  almost  all  the  engineers  of  eminence  in  Great  Britain. — The  address  was 
vehemently  applauded,  and  the  president  was  requested  to  allow  it  to  be 
printed  in  the  minutes  of  proceedings. 

The  discussion  was  then  renewed  upon  Mr.  Ransome's  paper,  "  On  the 
Manvfacture  of  Artificial  Stone." 

The  Dean  of  Westminster,  Sir  Henry  De  la  Beche,  Mr.  John  Phillips, 
Dr.  Garrod,  Mr.  Barry,  and  other  visitors,  took  part  in  the  discussion  with 
the  principal  members  of  the  Institution.  The  remarks  turned  chiefly  upon 
the  chemical  and  physical  properties  of  the  material,  and  the  cost  of  its 
production  in  the  moulded  form  as  compared  to  that  of  carved  stone.  In 
its  chemical  properties  it  was  shown  to  be  at  least  equal  in  purity  to  the 
production  of  Nature  ;  for,  on  the  statements  of  the  eminent  chemists  who 
had  subjected  it  to  severe  tests,  it  was  proved  to  be  totally  insoluble  in  boiling 
water,  however  Ion;?  immersed,  and  also  to  be  capable  of  resisting  the  action 
of  mineral  acids.  In  this  respect  it  differed  from  glass,  which  always  yielded 
a  portion  of  its  alkali  to  the  action  of  water.  It  was  further  stated,  that  it 
had  perfectly  resisted  the  action  of  frost,  vases  filled  with  water  having  been 
repeatedly  frozen  without  their  sustaining  any  injury.  Satisfactory  state- 
ments were  adduced  as  to  its  strength  and  other  physical  properties,  and 
some  very  interesting  remarks  were  made  on  the  subject,  comparing  the 
substance  produced  artificially  with  certain  sandstones  found  in  this  country, 
which,  by  the  action  of  compression  and  heat,  bad  attained  a  degree  of  hard- 
ness equal  to  quartz.  The  experiments  of  Hall  and  Watt  on  the  production 
of  artificial  stones  were  also  alluded  to  as  bearing  upon  the  question.  Ex- 
periments made  on  the  strength  of  the  artilicial  stone  proved  it  to  be  superior 
to  those  natural  stones  with  which  it  had  been  tested — viz.:  Caen,  Bath, 
York,  or  Portland  stone.  Nnmerous  specimens  were  exhibited  to  the  meet- 
ing, showing  its  universal  applicability  to  constructive  and  decorative  pur- 
poses ;  fractured  pieces  were  shown  of  every  variety  of  texture,  from  the 
porous  sandstone  to  the  most  compact  granite.  The  price  of  the  material 
was  stated  to  be  such  as  to  render  it  available  for  all  useful  and  ornamental 
purposes. 

Feb.  8. — Joshua  Field,  Esq.,  President,  in  the  Chair. 

The  paper  read  was  "  An  account  of  the  recent  Improvements  in  the 
Drainage  and  Sewarje  of  Bristol."     By  Mr.  James  Green. 

From  this  account  it  appears,  that  for  many  years  past,  great  reformation 
had  been  requisite  in  the  sewage  of  several  parts  of  the  city  of  Bristol,  and 
more  especially  in  the  localities  adjacent  to  the  course  of  the  River  Froome, 
whose  channel  had  become  a  large  cesspool,  spreading  miasma  and  disease 
all  around.  This  river  formerly  emptied  itself  into  the  River  Avon,  in  the 
city ;  and  then  all  that  was  brought  down  by  the  stream  was  carried  away 
by  the  tide  ;  but,  when  to  form  the  floating  harbour,  the  old  course  of  the 
Avon  was  dammed  across  by  lock-gates,  and  a  new  cut  was  made  for  carrying 
oflT  the  contents  of  the  sewers  emptying  themselves  into  the  Froome,  a  nuis- 
ance of  the  most  serious  character  was  created,  and  the  bed  of  the  river 
became  permanently  affected.  Mr.  Mylne,  some  years  since,  constructed  a 
lateral  culvert  from  the  embouchure  of  the  Froome,  debouching  in  the  new 
cut ;  this  did  partial  good  ;  but  still  the  general  state  of  the  river  remained 


unimproved ;  and,  in  deference  to  the  universal  demand  for  sanitary  reform, 
the  authorities  of  Bristol  employed  Mr.  Green  to  devise  and  execute  plans 
for  the  improvement  of  the  sewage  of  the  part  of  the  city  most  demanding 
it.  He  laid  out  comprehensive  plans,  but  the  estimate  of  their  cost  exceeded 
the  funds  at  the  disposal  of  the  council ;  so  he  modified  them,  and  the  result 
had  proved  most  successful.  The  proceedings  were  to  bring  the  channel  of 
the  river  into  an  uniform  width,  by  building  side  walls,  with  gutters  in  the 
upper  slopes,  conveying  the  sewage  into  the  stream,  obliterating  the  shoal, 
and  cleaning  up  the  bed,  thus  bringing  it  to  an  uniform  inclination  ;  remov- 
ing the  obstructions  caused  by  the  pier  of  the  Castle  Mill-street-bridge ; 
lowering  the  height,  and  extending  the  length  of  the  Wear  at  the  castle 
moat,  with  new  flood-gates,  &c. ;  deepening  the  bed  of  the  upper  part  of  the 
stream,  and  thus  making  convenient  arrangements  for  cleaning  out  and  flush- 
ing the  channel,  and  passing  off  the  products  through  Mylue's  culvert  into 
the  new  cut,  whence  it  was  conveyed  away  by  the  tide.  The  Dock  com- 
pany's culvert  was  also  cleansed  and  repaired  at  the  same  time,  and  brought 
again  into  operation.  Many  difficulties  attended  these  proceedings,  but  they 
were  skilfully  combated,  and  the  result  has  been  most  complete  success ;  and 
it  is  to  be  hoped,  that  the  further  ameliorations  of  which  the  general  sewage 
of  the  city  is  susceptible,  may  be  equally  successful  under  the  control  of  Mr. 
Green,  who  has  so  ably  conducted  them  upon  a  modified  scale.  For,  as  the 
actual  expenditure  was  not  more  than  f  4,537,  as  stated  in  the  paper,  and 
such  beneficial  effects  have  been  obtained,  there  can  be  no  reason  why  any 
proper  measure  of  sanitary  reform  should  not  be  carried  into  effect. 

In  the  discussion  which  ensued,  several  very  able  men  took  part,  bearing 
testimony  to  tlie  satisfactory  nature  of  the  improvements  made  by  Mr. 
Green  at  Bristol.  The  conversation  then  turned  upon  the  employment  of 
the  contents  of  sewers  for  agricultural  purposes.  The  system  proposed  by 
the  various  companies  were  detailed  and  canvassed.  The  lands  which  had 
been  rendered  fertile  by  the  application  of  liquid  manure,  near  Edinburgh, 
and  near  Mansfield,  were  quoted  as  examples  of  the  efficacy  of  the  system ; 
but,  on  the  other  hand,  it  was  shown  that  these  were  not  fair  examples,  as 
the  localities  were  peculiar  ;  the  cost  of  the  establishing  was  much  larger 
than  could  usually  be  borne  ;  and  that,  in  general,  if  the  distribution  of  the 
contents  of  the  sewers  was  to  be  made  by  pipes  and  pumping,  the  returns 
would  never  repay  the  outlay. 

Feb.  13. — The  discussion  upon  Mr.  Green's  paper,  was  renewed,  and  con- 
tinued throughout  the  evening,  to  the  exclusion  of  all  other  business.  The 
main  object  of  the  paper  appeared,  unfortunately,  to  be  lost  sight  of  by  the 
speakers,  in  their  anxiety  to  bring  forward,  or  to  defend,  the  positions  as- 
sumed by  various  companies,  which  had  been  formed  at  different  periods  for 
using  the  products  of  the  sewers  for  agricultural  purposes,  hut  which,  in  the 
former  part  of  the  discussion,  had  been  somewhat  impugned  upon  commersial 
grounds.  The  statements  made  at  this  meeting  were  only  repetitions  of 
what  has  been  repeatedly  printed  in  reports,  and  in  evidence  before  the 
sanitary  commissions ;  and  the  whole  evening  may  have  been  said  to  have 
been  wasted,  in  spite  of  the  attempts  of  some  of  the  members  to  bring  the 
discussion  to  the  real  question  of  the  best  modes  of  laying  out  a  system  of 
sewage  for  large  towns,  the  forms  of  the  sewers,  based  upon  the  laws  go- 
verning the  conveyance  of  fluids — which,  it  had  been  stated  in  some  of  the 
"  blue  books,"  were  not  understood  by  civil  engineers,  a  statement  which 
was  shown  by  some  of  the  speakers  to  be  not  consonant  with  facts ;  for  that, 
if  the  selected,  rather  than  collected,  evidence  given  before  the  Health  of 
Towns  Commission  were  analysed,  it  would  he  seen  that  the  exploded 
dogmas  of  the  older  writers  on  hydraulics  had  been  received  and  adopted, 
rather  than  the  formulfe  of  modern  writers,  or  the  actual  practice  of  civil 
engineers  of  eminence,  whose  experience  on  such  subjects  was  necessarily 
great.  It  was  true,  that  liitherto,  in  consequence  of  the  absorbing  topic  of 
railways,  eminent  engineers  had  not  efevoted  themselves  to  the  subject  of 
sewage  to  the  extent  they  might  have  done  ;  but,  when  the  time  arrived  for 
their  doing  so  advantageously,  or  the  exercise  of  their  skill  was  demanded  by 
the  government,  or  by  private  enterprise,  they  would  be  found  quite  prepared 
to  devote  themselves  to  the  work. 


SOCIETY  OF  ARTS,  LONDON. 

Jan.  19. — William  Fothergill  Cooke,  Esq.,  in  the  Chair 
The  Secretary  read  a  paper  by  Dr.  Harding,  "  On  some  ancient  Greek 
Vases,  excavated  by  him  from    Tombs  near  IIe.v.7mili,  in  the  Isthmus  of 
Corinth^' 

"  In  the  autumn  of  1840,  having  obtained  by  private  influence,  an  order 
from  the  prime  minister,  permitting  me  to  excavate  for  antiquities,  I  pro- 
ceeded (observes  Dr.  Harding)  to  Corinth,  and  hearing  that  the  peasants 
frequently  found  ancient  tombs,  containing  vases,  under  the  village  of 
Hexamili,  I  proceeded  thither  with  a  party  of  labourers.  Hexamili  lies 
between  Corinth  and  its  ancient  port  of  Chincre,  within  three  miles  of 
the  spot  where  the  Isthmian  games  were  celebrated.  The  ground  about 
Hexamili  is,  for  the  most  part,  rudely  cultivated,  and  grows  good  crops  of 
wheat ;  ancient  quarries  also  abound.  The  plan  adopted  in  searching  for 
tombs  is  that  of  boring  the  ground  with  augers,  seven  feet  long,  till  the  in- 
strument meets  with  some  obstacle  to  its  further  progress,  when  it  is  with- 
drawn,  and  the  ground  is  again  pierced  in  other  directions,  to  ascertain  the 
size  and  nature  of  the  obstruction  ;  this  is  also  tested  by  the  sound  of  the 
instrument  striking  against  it.  When  a  tomb  is  discovered,  and  this  is 
generally  at  a  depth  of  about  four  feet,  the  earth  is  excavated  in  the  usual 


1848.J 


THE  CIVIL  ENGINEER  AND  ARCHITECT'S  JOURNAL. 


manner  in  which  graves  are  dug  in  England ;  and  as  soon  as  sufficient  of 
the  covering  of  the  tomb  is  exposed,  a  man  sits  down  with  a  heavy  hammer 
(such  as  is  used  by  masons),  and  with  this  a  hole  is  made  in  the  lid  or 
covering  to  the  tomb.  A  hand  is  then  carefully  inserted,  and  human  bones, 
vases,  &c.,  are  generally  extracted.  The  greatest  number  of  vases  I  found  in 
any  one  tomb  was  fourteen,  and  children's  tombs  had  proportionally  small 
vases.  Having  in  three  days  collected  enough  to  load  one  of  the  small 
horses  of  the  country,  I  got  them  to  Corinth,  whence  they  were  sent  to 
Athens,  and  afterwards  by  sea,  via  Malta,  to  London." 

Mr.  Birch,  of  the  British  Museum,  was  in  attendance,  and  stated  that  he 
v?as  unable  to  give  any  account  of  the  chemical  constituents  of  the  vases, 
or  the  particular  manner  of  their  fabrication ;  still  he  should  be  glad  to 
offer  a  few  remarks  in  reference  to  the  specimens  exhibited.  It  is  only 
of  late  years  (he  observed)  that  the  conclusion  had  been  come  to  that 
large  manufactories  of  vases  existed  in  Greece  ;  they  had  always  been  sup- 
posed to  be  of  Etruscan  produce.  The  fictile  art  had  been  supposed  to  be 
confined  almost  exclusively  to  Italy,  although  numerous  excavations  had 
been  made  at  Athens,  and  a  few  at  Corinth,  which  had  produced  spe- 
cimens similar  to  those  exhibited,  and  which  he  divided  into  classes.  The 
most  ancient  vases  (and  which  are  distinguished  from  all  others  by  the 
material  of  which  they  are  composed)  are  of  a  light  yellow  clay,  and  have 
figures  and  animals  painted  on  them  in  a  maroon  colour.  Their  date  is  sup- 
posed to  be  about  616  years  before  Christ.  About  this  period  the  fictile 
art  is  reported  to  have  been  introduced  among  the  Etruscans  by  the  Greeks. 
The  second  class  of  vases  are  of  a  pale  red  clay,  and  the  figures,  instead  of 
being  of  a  maroon  colour,  are  traced  in  black,  in  order  to  show  the  details 
more  distinctly.  This  style  appears  to  date  from  the  fifth  to  the  middle  of 
the  fourth  century  before  Christ.  The  third  class  is  one  in  which  the 
colour  was  laid  on  by  means  of  a  reed.  But  perhaps  the  highest  style,  and 
one  which  is  peculiar  to  the  vases  found  at  Athens,  is  that  in  which  the  outline, 
&c.,  is  traced  in  white  paint,  or  a  sort  of  carbonate  of  lime.  The  vases 
exhibited  he  thought  peculiarly  interesting,  as  deciding  that  the  vases  of 
Italy  may  he  considered  to  be  the  manufacture  of  Greeks  settled  in  Italy, 
and  not  imported  from  Greece  into  that  countrj-. 

Dr.  Harding  stated  that  the  tombs  at  Ilexamili  seem  to  have  been 
scattered  in  irregular  patches;  but  the  cemetery  appears  to  have  been  very 
extensive,  measuring  nearly  halfamilein  each  direction.  No  inscriptions  or 
marks  whatever  are  visible  on  the  stones  of  the  tombs,  nor  is  there  any 
other  apparent  difference  externally  than  that  of  size.  The  bones  in  them 
were  tolerably  perfect,  and  the  skulls  nearly  entire.  He  found  but  one  piece 
of  metal,  apparently  part  of  a  large  bronze  needle  or  bodkin.  Generally,  the 
contents  of  the  tombs  were  in  a  wonderful  state  of  preservation,  considering 
that  they  were,  in  all  probability,  at  least  2,000  years  old. 

Jan.  26. — George  Moore,  Esq.,  F.R.S.,  in  the  Chair. 
The  Secretary  read  a  letter  from  Mr.  Dwyer,  in  which  he  states,  as  the 
Society  is  to  meet  for  the  purpose  of  investigating  the  forms  of  Ancient 
Fottery,  he  begged  to  present  for  its  acceptance  a  series  of  sketches,  believ- 
ing that  they  might  prove  of  sorae  utility  in  assisting  its  researches.  He 
says  that  having  observed  that  ancient  art  generally  originates  through  the 
imitation  of  natural  objects,  he  was  led  to  infer  as  highly  probable  that  the 
beautiful  outlines  of  the  Grecian  vases  emanated  from  similar  sources;  and 
proceeded  to  point  out  the  exquisite  forms  of  leaves  and  fruits,  suggesting 
the  probable  manner  in  which  they  had  been  used  to  give  character  and 
beauty  of  outline  to  those  manufactures. 

The  second  communication  was  from  Mr.  W.  T.  Griffiths,  and  accom- 
panied a  copy  of  his  work  "  On  the  Natural  System  of  Architecture." 

The  communication  alluded  to  the  work  as  pointing  out  the  geometrical 
proportions  of  the  temples  of  Greece,  and  calling  attention  to  the  applica- 
bility of  geometrical  design  to  domestic  architecture,  and  as  also  affording  a 
ready  means  of  obtaining  beautiful  patterns  for  oil  cloths,  carpets,  &c.  The 
author  then  proceeded  to  point  out  the  improbability  of  the  ancient  Greek 
vases  being  constructed  on  any  other  than  pure  geometrical  principles,  as  is 
proved  by  analysis ;  and  concluded  by  alluding  to  the  mistaken  but  very 
prevalent  notion  that  to  produce  a  beautiful  building,  it  is  necessary  to  over- 
load it  with  meretricious  ornament, — instead  of  feeling  that  the  more  sim- 
ple is  often  tbe  more  beautiful  design. 

Mr.  Varlev  made  some  remarks  in  reference  to  Mr.  Dwyer's  communi- 
cation, and  stated  that  although  we  have  many  artists  of  highly-cultivated 
taste,  still  they  have  not  the  necessary  knowledge  to  enable  them  to  produce 
good  art.  In  reference  to  a  leaf  having  given  rise  to  the  forms  of  the  Greek 
vases,  he  would  observe  that  a  leaf  in  itself  is  a  pendant  body,  and  as  such 
is  very  beautiful :  but  no  single  leaf  would  stand  upright.  We  might  take 
some  pendant  fruits,  such  as  the  apple, — which  might  be  said  to  have  a 
base,  and  some  vases  might  be  compared  to  it ;  but  he  did  not  think  that 
they  gave  rise  to  the  forms  of  the  Greek  vases,  although  he  must  admit  that 
Nature  was  the  first  teacher  of  everything  that  is  beautiful.  There  are  cer- 
tain rules,  Mr.  Varley  said,  which  Nature  suggests,  and  which  we  find  the 
Greeks  used  ;  and  he  proceeded  to  point  out  the  following  method  which 
might  be  used  for  producing  agreeable  forms,  such  as  the  bodies  of  the  vases 
exhibited — viz.,  by  taking  one-quarter  of  an  hyperbola,  parabola,  or  ellipse, 
according  to  the  outline  desired;  and  by  rotating  it  on  its  axis  at  any  given 
angle,  it  would  be  made  to  produce  the  figure  desired.  Similar  simple 
methods  for  obtaining  the  necks  and  stands  for  vases  were  also  described. 

The  Secretary  made  some  remarks  on  the  forms  of  vases,  and  stated 
that  if  beauty  consisted  in  the  imitation  of  Nature,  as  suggested  by  Mr. 


Dwyer,  a  man  would  have  nothing  to  do  but  to  take  the  first  leaf  of  a  tree 
as  soon  as  he  came  to  it ;  instead  of  which,  discontented  with  the  first  fifty 
leaves,  he  goes  on  seeking  and  seeking,  till  at  last  he  finds  one  which  pleases 
him,  because  it  comes  up  to  the  ideas  in  his  own  mind,  and  which  he  had 
preconceived  as  the  standard  of  beauty. 

Mr.  Wyndham  Harding  considered  that  the  effect  of  vases  and  other 
domestic  utensils,  as  well  as  the  architecture  of  everyday  life,  should  pro- 
duce on  the  eye  an  effect  equally  pleasing  with  music  on  the  ear ;  and  that, 
as  in  order  to  obtain  harmony  in  music  it  is  necessary  that  the  cords  or 
wires  should  each  vibrate  a  proportionate  number  of  times,  so  should  the 
proportions  of  one  part  of  a  vase  bear  a  given  relation  to  those  of  another. 
In  relation  to  architecture,  several  persons  have  considered  that  certain  nu- 
merical simple  proportions  can  be  traced  as  existing  in  the  various  members 
of  ancient  Greek  temples,  and  Mr.  Donaldson  had  stated  that  he  has  revived 
the  means  of  determining  the  precise  proportion  of  various  parts  of  all 
Gothic  buildings :  and  these  geometric  and  harmonic  relations  must  have 
been  known  to  the  Greeks  in  the  formation  of  their  woiks. 

Mr.  Smith  stated  that  he  did  not  consider  that  geometry  was  used  by  the 
ancients  to  the  extent  which  is  generally  attributed  to  them,  hut  rather  that 
their  works  were  the  result  of  a  practised  eye  and  hand,  guided  by  a  highly, 
cultivated  taste. 

Feb.  9. — Baron  Goldsmid,  V.P.,  in  the  Chair. 
The  Secretary  introduced  the  business  of  tbe  evening  by  some  remarks  on 
"Fohjgonar  Decorations,"  as  follows. 

The  discussion  on  the  construction  of  ancient  Greek  vases,  which  had 
lately  occupied  the  meetings  of  the  Society,  had  occasioned  several  treatises 
to  be  written  and  a  great  amount  of  attention  to  be  paid  to  the  subject.  It 
is  continually  alleged  as  a  fault  of  the  art  in  our  day,  that  instead  of  boldly 
creating  forms  and  trusting  to  our  own  minds,  and  carrying  out  those  feel- 
ings according  to  what  we  consider  the  enlightened  principles  which  we  have 
struck  out  for  ourselves,  we  are  contented  to  take  for  granted  tliat  the  an- 
cients were  artists  truly  unapproachable,  and  such  we  can  never  hope  to 
equal,  much  less  to  excel ;  and,  therefore,  the  best  thing  that  we  can  do  is 
to  abandon  altogether  originality,  and  give  ourselves  up  to  tbe  study  and 
copying  of  the  antique  forms.  The  Secretary  then  pointed  out  the  effect  of 
a  design  upon  the  mind  and  senses  in  the  case  of  polygonar  art,  and  called 
attention  to  the  effect  of  such  a  combination  of  colours  and  forms  as  shall 
produce  upon  the  mind  the  effect  of  a  design  standing  out  from  the  wall  or 
pavement,  hut  which,  if  felt  by  the  hand  or  foot,  is  perfectly  flat.  He  next 
proceeded  to  point  out  the  forms  of  the  tesserse  and  geometric  figures  which 
had  hitherto  been  used  in  combination  to  produce  design,  and  pointed  out 
the  beauty  and  variety  of  design  whioh  might  be  obtained  by  the  combina- 
tion of  a  form  of  tessera,  which,  although  not  new,  had  not  up  to  this  time 
been  used  as  the  base  of  a  pattern.  The  figure  which  was  pointed  out  as 
most  applicable  to  mosaic  decorations  was  the  triangle  of  Plato,  any  num- 
ber of  which  might  be  arranged  round  a  point  and  made  to  cover  an  entire 
surface,  forming  bands  either  horizontally,  diagonally,  or  any  variety  of  dia- 
mond figures,  as  the  fides  of  the  triangle  bear  a  peculiar  ratio,  namely,  30, 
60,  and  90  degrees  ;  whereas,  where  figures  of  inharmonious  ratios  are  used, 
the  same  variety  cannot  be  obtained. 

Having  thus  pointed  out  the  applicability  of  geometric  figures  to  the  pro- 
duction of  beautiful  forms,  the  Secretary  gave  several  extracts  from  a  paper 
on  the  "  Beau  Ideal  Head,"  by  Mr.  D.  R.  Hay ;  from  Mr.  Blashfield's  paper 
on  the  "  Construction  of  Fictile  Vases ;"  Dr.  Wampen's  communication  on 
the  "  Geometrical  Proportions  of  the  Human  Figure ;"  and  Mr.  Digby 
Wyatt's  paper  on  "  Ancient  Tessera; ;"  also  a  letter  from  Mr.  J.  Jopling,  as  to 
the  improbability  of  ancient  vases  having  been  construoted  on  any  other 
than  purely  geometrical  principles. 

Dr.  Harding  made  some  remarks  as  to  the  uses  to  which  the  various 
cups  and  vases  excavated  by  him  had  been  applied,  and  gave  the  following 
quotation  from  an  ancient  Greek  play,  as  illustrating  the  purpose  to  which 
the  Lecythe  had  been  applied.  The  play  is  one  in  which  a  young  man  is 
represented  as  jeering  an  abandoned  old  woman,  and  is  saying — 
"But  you  old  wretcti,  I  greatly  dread  your  lover." 
"Who?" 

"  Why,  that  first  of  artists." 
"  Who  is  that?" 

"  He  who  for  dead  men  paints  the  Lecythe." 
Another  quotation  as  pointing  out  the  use  of  these  vessels,  is  as  follows : — 
"  You  left  rae  like  a  corpse  laid  out;  ouly  uncrowned  and  with  no  Lecythi^s  on  me." 
After  alluding  to  tbe  probable  purposes  to  which  the  several  other  specimens 
of  vases  were  applied,  Mr.  Harding  stated  that  what  had  been  said  by  Mr. 
Birch  at  a  former  meeting  (as  to  the  manufacture  of  vases  having  been  in- 
troduced into  Italy  by  Eueheir  and  Eugrammus,  artists  who  had  fled  from 
Greece),  was  a  myth,  and  could  not  be  received.     Corinth,  he  observed,  has 
been  celebrated  at  all  times,  according  to  Strabo,  for  its  politicians  and  for 
the  promotion  of  the  useful  arts,  both  graphic  and  plastic,  and  for  every 
species  of  useful   application   of  them  ;  also  for  some  beautiful,  but  not  nu- 
merous, specimens  of  objects  connected  with  sepulchral  rites. 

ROYAL  SCOTTISH  SOCIETY  OF  ARTS. 
Jan.  24.— George  Buchanan,  Esq.,  F.R.S.E.,  President,  in  the  Chair. 
The  following  communications  were  made  : — 

1.  Description  of  a  Marine  Hydrometer,  adapted  for  ascertaining  the 
comparative  Saltness  and  Freshness  of  Sea  and  River  Waters.  By  George 
Buchanan,  Esq.,  President. 
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This  is  an  instrument  which  Mr.  Buchanan  stated  he  had  found  extremely 
useful  in  inquiries  connected  with  the  prevalence  of  sea  and  river  water  in 
different  estuaries,  and  therefore  he  thought  a  short  notice  of  it  might  not  he 
uninteresting  to  the  Society.  In  the  great  question  connected  with  the 
salmon  fislieries  in  regard  to  the  respective  limits  of  the  river  and  the  sea, 
the  prevalence  of  fresh  or  salt  water  had  been  considered  an  important  ele- 
ment ;  hut  finding  the  usual  methods  of  measuring  the  specific  gravity  by 
weighing  the  waters  in  a  delicate  balance,  not  very  applicable  where  nume- 
rous specimens  were  required  to  be  tried  on  the  spot,  it  occurred  to  him 
that  something  on  the  principle  of  the  hydrometer  might  be  used,  and  this 
was  the  iusirument  which  was  exhibited,  consisting  of  the  bulb  of  a  spirit 
hydrometer,  loaded  so  as  just  to  sink  the  bulb  in  salt  water,  and  having  a 
long  stem  attached,  which,  in  fresh  water,  becomes  almost  wholly  immersed. 
Some  difficulty  was  found  at  first  in  adapting  the  scale,  as  it  must  not  only 
be  thin  but  liglit,  otherwise  it  tends  to  overbalance  the  instrument.  A  slip 
of  whalebone  or  ivory  answers  sufficiently  well,  and  several  instruments  were 
shown  of  this  description,  and  one  entirely  of  brass.  The  use  of  the  instru- 
ment was  clearly  exhibited  in  several  experiments  with  fresh  water,  and 
with  the  waters  of  the  Forth,  some  from  Granton  Pier,  some  from  Queens- 
ferry,  and  some  from  Alloa.  From  Granton  Pier  the  water,  even  at  low 
tide,  has  a  very  little  impregnation  of  fresh,  as  compared  with  the  German 
Ocean,  which  he  had  found,  along  the  eastern  shores  of  Scotland,  seldom 
to  exceed  the  specific  gravity  of  102G,  fresh  water  being  1000.  At  Granton 
Pier  the  average  of  high  and  low  water  was  found  1024i,  or  about  one  part 
fresh  in  sixteen  salt.  At  Queensferry  it  was  found  102a,  or  about  one  part 
fresh  in  eight  salt.  At  Alloa  the  waters  at  low  tide  are  almost  quite  fresh  ; 
and  at  high  water  the  specific  gravity  was  found  nearly  1012,  or  nearly  half 
fresh,  half  salt.  A  considerable  difference  is  found  between  the  surface  and 
bottom  waters.  The  specific  gravities  of  different  seas  were  then  stated. 
The  .\rctic  ocean  1027;  the  waters  under  the  equator  1028;  and  the 
Mediterranean,  which  is  nearly  the  saltest  of  any  sea,  1029.  But  the 
heaviest  ot  all  waters  are  those  of  the  Dead  Sea,  which  are  strongly  im- 
pregnated with  sulphurous  and  bituminous  ingredients,  as  well  as  with  salt, 
and  have  been  found  about  eight  times  heavier  than  sea  water  as  compared 
with  fresh,  having  the  extraordinary  gravity  of  1211.  By  the  use  of  this 
simple  instrument,  many  interesting  observations  might  be  made  by  voyagers 
in  different  seas. 

2.  Description  and  Drawing  of  a  Glass- Blowing  Apparatus,  being  a  new 
invention  in  the  Blowing  of  Glass.     By  Mr.  William  Cooper. 

This  invention  consists  in  efl'ecting  the  blowing  of  glass  by  means  of 
double  bellows  placed  under  the  floor,  acted  on  by  the  foot  of  the  glass- 
blower,  and  the  air  is  carried  to  the  blow-tube  by  means  of  a  flexible  tube, 
easily  attached  and  detached  from  the  nozzle  of  the  ordinary  iron  tube. 
The  advantages  are  stated  to  be,  that  larger  articles  can  be  blown,  that  the 
glass  is  freer  from  "  cockle,"  and  that  the  lungs  of  the  workman  are  saved, 
and  his  muscular  energies  not  being  so  severely  taxed,  he  will  be  able  to 
produce  a  great  deal  more  manufactured  goods  in  a  given  time.  The  air 
blown  by  the  bellows  being  of  a  much  purer  quality  than  that  from  the 
lungs,  produces  a  better  article.  That  larger  sizes  and  a  thicker  substance 
of  blown  plate  may  be  obtained  by  this  new  process,  and  the  sheet-glass 
manufacturer  will  be  able  to  compete  with  the  cast  plate-glass  monopolist. 
That  "  carboys"  to  contain  twelve  and  sixteen  gallons  have  been  successfully 
blown  by  this  process.  Mr.  Cooper  then  recommended  that  this  process 
should  be  adopted  in  Edinburgh  and  Leith,  where  coal  is  cheaper  than  in 
Staflfordshire  by  4s.  per  ton,  and  where  living  and  house-rent  are  about  one- 
fourth  less  ;  the  workmen  all  preferring  Leith,  from  its  healthy  situation,  cheap- 
ness, and  family  conveniences.  Locahty,  he  stated,  is  now  looked  at ; 
economy  in  carriage  is  itself  a  profit  to  the  manufacturer,  now  that  the 
duties  are  removed,  and  all  the  English  manufacturers  circumscribing  their 
connection. 

3.  Description  of  an  Elevator,  for  raising  Building  materials  or  other 
bodies, — and  capable  of  being  used  as  a  Fire-Escape — containing  a  new  ap- 
vlication  of  the  Pulley.     By  Mr.  Robert  Davidson,  Engineer. 

Mr.  Davidson  stated  that  this  machine  or  elevator  was  applicable  as  a  fire- 
escape,  and  well  suited  to  the  raising  of  small  weights  to  great  heights,  such 
as  in  mills  and  factories ;  or  in  the  raising  of  scaffolding  for  workmen,  such 
as  painters,  plasterers,  masons,  &c.  It  consists  of  a  number  of  sliders, 
moving  within  each  other  by  means  of  a  fixed  pulley  attached  to  the  top  of 
a  fixed  upright,  which  is  hollow,  containing  all  the  other  sliders,  which  are 
hollow  also,  except  the  last  one,  which  may  be  solid,  the  top  of  which  con- 
tains a  platform  enclosed  by  a  railing.  There  is  a  chain  or  rope  fastened 
to  a  hook  in  the  bottom  of  the  top  slides,  passing  over  a  moveable  pulley, 
made  fast  to  the  top  of  the  next  slide,  and  passing  down  the  outside  of  it 
and  made  fast  to  the  top  of  the  next  slide  following,  on  the  top  of  which 
is  also  a  moveable  pulley,  over  which  passes  a  rope  or  chain  made  fast  to  a 
hook  in  the  bottom  of  the  slide  immediately  preceding,  the  other  end  of 
which  is  made  fast  to  the  top  of  the  fixed  hollow  upright,  on  the  top 
of  which  is  placed  a  fixed  pulley,  which  guides  the  chain  whereto  the 
power  is  applied  ;  t(ie  one  end  being  made  fast  to  a  crane  barrel,  and  the 
other  end  attached  to  the  bottom  of  the  slide  next  adjoining,  which  compels 
a  simultaneous  movement  of  the  whole  machine. 


£        s. 
82,054  19 


139,185  7  10 
453,648  12  0 


NEW  PALACE  OF  WESTMINSTER. 

Return  {dated  December  20,  1847)  of  the  Aggregate  Amount  already 
paid,  or  agreed  to  be  paid,  to  Contractors  and  other  Persons  for  the  Purchase 
of  Land  and  Houses  for  the  Erection  of  the  Palace  of  U'estminster  (or 
Houses  of  Parliament). 

1.  The  cost  of  the  purchase  of  the  lands  and  heredita- 
ment . . 

2.  The  cost  of  the  wharfing,  terrace,  and  foundations 
fur  the  building.. 

3.  The  cost  of  the  carcase  or  shell  already  executed 
(exclusive  of  alterations  as  under)   .. 

4.  The  cost  of  the  principal  alterations  made  from 
time  to  time.  These  alterations  (involving  changes  in 
the  original  plan)  consist  of  official  residences  for  the 
librarian  and  clerk  of  the  House  of  Commons,  accom- 
modation for  the  law  courts,  alterations  of  the  Victoria 
tower,  offices  for  the  clerk  of  the  crown,  and  works  con- 
tingent upon  the  warming  and  ventilating  arrangements, 
&c.,  which  were  severally  reported  to  her  Majesty's  Com- 
missioners of  Woods,  &c.,  and  sanctioned  by  parliament 
in  March  1843.  Also,  of  an  increase  in  the  size  and 
height  of  the  Victoria  hall,  sanctioned  by  her  Majesty's 
Commissioners  of  Woods,  &c. 

5.  The  cost  of  interior  finishings 

6.  The  cost  of  the  internal  decorations  of  the  House 
of  Lords  and  its  adjuncts,  as  far  as  they  have  been  com- 
pleted (including  preparations  for  lighting)    . . 

7.  The  amount  of  commission  and  other  charges  paid, 
or  to  be  paid,  to  the  architect  on  account  of  works  and 
services  already  executed' 

8.  The  amount  paid  to  surveyors,  valuers,  clerks  of 
the  works,  and  all  other  persons  who  have  been  em- 
ployed, and  not  included  in  the  architect's  or  builder's 
charge 

The  amount  of  the  whole  expenditure  of  every  de- 
scription, under  these  principal  heads,  for  pur- 
chases  made  and  work  done  at  the  Palace  of 
Westminster,  and  its  appendages,  up  to  31st  day    ^-^— ^— — . 
of  December,  1846.  ..  ..  ..     £833,268  13     3 


Estimate /or  the  Sums  which  will  be  required  to  pay  for  such  other  Lands 
a)id  Hereditaments  intended  to  be  purchased  for  the  completion  of  the  Palace 
and  the  Approaches  thereto ;  of  the  Sum  required  to  finish  the  Houses  of 
Lords  and  Commons  and  their  Appendages ;  of  the  Sum  necessary  for  the 
Victoria  Toioer,  and  all  other  Works  proposed  to  be  executed  to  finish  the 
Palace. 


25,469 
74,134 


21,600     0     0 


26,315     2  11 


10,861     S     8 


a 


1.  The  cost  of  lands  and  hereditaments  intended  to  £ 
be  purchased  2    ..             ..             ..             ..             ..  — 

2.  The  cost  of  the  completion  of  the  terrace  and  foun- 
dations of  the  buildings    ..  ..  ..  ..  18,747     0     0 

3.  The  cost  of  the  carcase  or  shell  yet  to  be  executed       356,328     0    0 

4.  The  cost  of  the  principal  alterations.  None  pro- 
posed . .  . .  . .  . .  . .  . .  — 

5.  The  cost  of  the  interior  finishings  ..  ,,        172,648     0     0 

6.  The  cost  of  the  internal  decorations  of  the  House 
of  Lords  and  its  adjuncts  (including  lighting  and  furni- 
ture) ..  ..  ..  ..  ..  ..  20,044  10     0 

7.  Amount  of  the  commission  to  be  paid  to  the  archi- 
tect:'.. ..  ..  ..  ..  ..  — 

8.  Amount  to  be  paid  to  surveyors,  valuers,  clerks  of 
works,  and   others,   not  included  in  the  architect's  or 

builder's  charge  . .  . .  . .  . .  . .         uncertain 


Brought  forward     , . 


567,767  10 
833,268  13 


Total  Cost     ..        ..£1,401,036     3     8 

The  total  cost  of  works  executed,  and  estimated  cost  of  the  works  to  be 

executed  to  finish  the  New  Palace  of  Westminster,  is  thus  £1,401,036  3  8; 

but  which  is  exclusive  of  extra  finishings,  works  of  decoration,  fittings  ia 

libraries  and  refreshment  rooms,  &c. ;  fixtures,  furniture,  and  upholstery ; 

J  Tflia  amount  includes  (besides  tlie  prot'essioniil  remuneration  to  the  architect  on 
account  of  woiks  executed  to  the  general  building)  the  commiasion  upon  works  to  the 
cofferdam,  river  wall,  &c.,  aud  the  sum  paid  for  a  detailed  estimate,  in  accordance  witll 
the  approved  design. 

2  It  is  proposed,  under  Treasury  authority,  dated  November  28th,  1842,  to  obtain  pos- 
session eventually  of  the  buildings  on  the  south  side  of  Bridge-Street,  Westminster:  the 
probable  cost  of  these  buildings  has  not  been  ascertained. 

3  By  Treasury  letter,  doted  February  2.'i,  1839,  the  sura  of  .^25,000  was  directed  to  b« 
paid  to  the  architect  as  professional  remuneration  for  superintending,  directing,  and 
completing  the  Houses  of  Parliament  in  conformity  with  the  original  design  and  esti- 
mate, (It  is  right  to  state  that  the  principle  of  this  arrangement  has  never  been  acceded 
to  by  Mr.  Barry).  The  remuneration  to  the  architect  on  account  of  works  not  included 
in  his  original  estimate,  but  subsequently  authorised,  has  not  yet  been  the  subject  of 
consideration. 
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warming,  ventilating,  and  lighting,  &c.,  except  so  far  as  such  works  are 
already  executed  in  the  finished  portions  of  the  building ;  also,  of  the  re- 
storation of  St.  Stephen's  crypt  as  a  chapel,  if  it  should  be  so  determined  ; 
the  formation  of  landing-places  towards  the  rirer,  the  paving  of  the  several 
courts,  &c.,  of  the  building,  the  altering  of  the  levels,  and  the  re-paving  as 
well  as  lighting  of  the  streets  in  its  locality,  &c.  Sec.  The  cost  of  which 
must  depend  on  the  nature  and  extent  of  the  works  ordered. 

In  this  amount  there  is  a  sum  of  Je52'4,099  6s.  for  charges  upon  the  puf- 
chase  of  lands  and  hereditaments,  the  cost  of  the  river  wall  and  embank- 
ment, the  warming  and  ventilating  arrangements,  and  the  contingent  fire- 
proof construction  ef  the  building  throughout;  the  additional  residences 
and  other  accommodation  ordered  from  time  to  time  to  be  incorporated  in 
the  building,  the  increased  depth  of  the  foundations  of  the  entire  building, 
the  main  sewers  for  the  drainage  of  the  building  and  its  locality,  the  various 
modifications  of  plan  suggested  and  recommended  by  committees  of  parlia- 
ment and  other  authorities,  and  for  miscellaneous  works ;  all  of  which  formed 
no  part  of  the  original  design  and  estimate." 

Miscellaneous  Expenditure  connected  with  the  building  of  the  New 
Palace  of  Westminster,  not  being  for  Purchases  made  or  Work  done  at  the 
Neto  Houses  of  Parliament,  or  included  in  the  Architect's  Estimate  for  the 
same,  but  defrayed  met  of  Grants  voted  by  Parliament  for  that  service. 

Preliminary  Measures.  £        s.     d. 

Premium  and   expenses  connected   with   competition 
designs ;  the  expense  of  a  tour  of  inspection,  and  of  ex- 
periments made  with  reference  to  the  selection  of  the 
particular  description  of  stone  to  be  used  in  the  build- 
ing ;  also  payment  to  engineers  for  surveys  of  the  bed  of 
the  river  ..  ..  ..  ..  ..  4,902     3  19 

St.  Stephen's  Chapel. 

The  expense  of  making  drawings  in  detail  of  the 
chapel  previous  to  its  being  taken  down,  and  engraving 
the  same  for  publication.^  ..  ..  ..  2,712  12    0 

Government  Wood  Carving  Works,  Thames  Bank. 

These  premises  were  taken  to  facilitate  the  progress  of 
the  interior  finishings  of  the  new  buildings,  by  the  erec- 
tion therein  of  carving  machines,  and  the  employment  of 
carvers  and  other  workmen  in  tihe  immediate  pay  of  the 
Department  of  Woods,  and  under  the  supervision  of  su- 
perintendents appointed  for  this  service,  and  direction  of 
the  architect. 

The  expense  of  erecting  additional  buildings  to  afford 
the  necessary  accommodation  for  carrying  on  the  works, 
supply  of  water,  precautionary  measures  against  fire, 
rent  (to  the  crown),  rates,  lighting,  &c. "       ..  ..  11,191     3     6 

The  expense  arising  from  damage  done  or  re-instate- 
ment  made  to  adjoining  property  during  the  progress  of 
the  works         ..  ..  ..  ..  ..  1,522     5     4 

Payments  on  account  of  frescos  . .  . .  . .  538  19     9 

Experimental  Ventilation,  6fc.  (Dr.  Reid's  system). 

The  expense  of  works,  apparatus,  salaries,  and  allow- 
ances in  experimentally  carrying  out  Dr.  Reid's  system  of 
warming,  ventilating,  and  lighting  at  the  present  tem- 
porary Houses  of  Parliament,  with  a  view  to  its  adoption 
in  the  new  building        ..  ..  ..  ..  8,328     7     3 

The  expense  of  inquiry  and  reference  as  to  the  appli- 
cability of  Dr.  Reid's  system  of  warming  and  ventilating 
to  the  new  Houses  of  Parliament    . .  . .  . .  946  13     6 

Minor  expenses  ..  ..  ..  ..  97  12     6 


£30,239  17     8 


Statement  of  the  Amount  of  each  Original  Contract,  and  of  every 
Alteration  or  Deviation  therefrom,  and  the  Amount  paid,  or  to  be  paid,  for 
each  Contract  and  Alteration,  and  tender  what  Authority  such  Alterations  or 
Deviations  have  been  severally  made. 

Contract,  No.  1  (in  Gross).  £       s.    d. 

For  the  river  wall,  and  a  part  of  the  foundations  of 
the  river  front  of  the  building         ..  ..  ..  74,373     0     0 

Additional  works  in  the  river  wall,  reported  to  her 
Majesty's  Commissioners  of  Woods,  &c.,  and  sanctioned 
by  parliament    ..  ..  ..  ..  ..  2,104  13    9 

£76,477  13    9 


4  A  credit  m  aid  towards  defraying  the  above  total  estimated  cost  will  arise  from  the 
Bale  of  old  materials,  estimated  to  produce  14,000  I.,  and  also  from  the  sale  of  the  mate- 
rials of  the  cofferdam,  when  it  has  served  its  present  purpose. 

5  A  credit  will  arise  under  this  head  from  the  sale  of  the  publication. 

6  As  these  premises  will,  after  they  have  ceased  to  be  used  as  at  present,  be  available 
for  other  public  purposes,  and  the  additional  buildings  will  permanently  enhance  the 
value  of  the  crown  property  upon  which  they  have  been  erected,  this  expense  Is  not 
wholly  to  be  considered  as  a  charge  on  account  of  the  New  Houses  of  Parliament. 


(Contract  No.  2  (at  Prices). 

For  the  remainder  of  the  foundations  of  the  river  front, 
main  sewers,  &c.,  estimated  at 

Subsequent  estimates  and  accounts  reported  to  her 
Majesty's  Commissioners,  &c.,  and  sanctioned  by  parlia- 
ment . . 


£        s.  d. 

7,442     1  9 

4,720  16  4 

£12,162  18  1 


Contract  No.  3  (in  Gross).  £       s.    d. 

For  the  carcase  of  the  river  front,  and  a  portion  of  the 
north  and  south  fronts     ..  ..  ..  ..         157,615     0     0 

Change  of  stone,  8,500/. ;  fire-proofing,  7,200/. ; 
warming  and  ventilating  works,  10,150/.  j  reported  to  her 
Majesty's  Commissioners  of  Woods,  and  sanctioned  by 
parliament:  Total  ..  ..  ..  ..  25,850     0    0 

Additional  cost  of  fire-proof  floors,  roofs,  &c.,  and  for 
warming  and  ventilating  arrangements  executed  under 
the  general  authority  of  her  Majesty's  Commissioners  of 
Woods,  &c.  to  the  architect  to  comply  with  Dr.  Reid's 
requirements     ..  ..  ..  ..  ..  15,275     0    0 

Cost  of  stone  carving  upon  the  arrangement  authorised 
by  her  Majesty's  Commisioners  of  Woods,  May  13,  1841         23,829  14     0 

Miscellaneous  works  ordered  by  the  architect,  under 
the  general  authority  given  to  him  to  carry  out  his  plans  6,000     0     0 


Contract  No.  4  (at  Prices). 

The  foundations  of  the  central  masses  of  the  building 
from  north  to  south,  including  the  Houses  of  Lords  and 
Commons,  and  their  respective  lobbies,  corridors,  and 
contiguous  offices  and  apartments,  and  the  foundations  of 
the  Victoria  and  other  towers,  estimated  amount 

Subsequent  estimates  and  amounts  reported  to  her 
Majesty's  Commissioners  of  Woods,  &c.,  and  sanctioned 
by  parliament    . .  — 


£228,569  14     0 


17,822     1     6 


25,312  16     8 
£43,134  17     8 


Contract,  No.  5  (at  Prices).  £        s.    d. 

For  the  carcase  of  the  superstructure  above  the  foun- 
dations comprised  in  Contract,  No.  4,  estimated  at        ..        219,969     0    0 

1.  Change  of  stone,  9,460/.;  fire-proofing,  8,400/.; 
warming  and  ventilating  arrangements,  14,616/. ;  re- 
ported to  her  Majesty's  Commissioners  of  Woods,  &c., 

and  sanctioned  by  parliament :   Total  ..  ..  32,476     0     0 

2.  For  slating   to  flats  and  roofs,   asphalting  walls, 

lengthening  sewers,  &c. ;  reported  to  the  Office  of  Woods  4,299  14     8 

3.  For  floor  plates  and  other  structural  arrangements 
required  for  ventilation,  executed  under  the  general  au- 
thority given  to  the  architect  to  comply  with  Dr.  Reid's 
requirements;  not  yet  brought  to  account  and  reported         12,180     0    0 

4.  For  iron  roofs  and  additional  cost  of  girders  and 
arches  rendered  necessary  by  the  warming  and  venti- 
lating arrangements,  and  reported  to  her  Majesty's  Com- 
missioners of  Woods,  &c...  ..  ..  ..  26,500     0    0 

5.  For  cost  of  stone  carving,  under  the  arrangement 

sanctioned  by  her  Majesty's  Commissioners  of  Woods,         21,137  17     9 

6.  For  miscellaneous  and  contingent  works  ordered  by 
the  architect  under  the  general  authority  given  to  him 

to  carry  out  his  plans       ..  ..  ..  ..  15,000    0     0 

7.  For  the  official  residences  for  the  librarian  and  for 
the  clerk  of  the  House  of  Commons,  accommodation  for 
law  courts,  alterations  of  Victoria  tower,  enlargement  of 
Victoria  hall,  increased  height  of  Victoria  hall,  offices  of 
the  clerk  of  the  crown,  and  works  contingent  upon  the 
warming  and  ventilating  arrangements,  reported  to  her 
Majesty's  Commissioners  of  Woods,  and  sanctioned  by 

parliament         ..  ..  ..  ..  ..  25,469     0     0 


£357,031   12     5 


d. 


Contract,  No.  6  (at  Prices).  £ 

The  foundations  and  carcase  of  the  superstructure  of 
St.  Stephen's  hall  and  lobby,  and  the  public  approach 
from  Westminster  hall  and  St.  Margaret's-street ;   esti- 
mated and  reported  to  her  Majesty's  Commissioners  of 
Woods,  &c.,  at  . .  ..  ..  ..  ..  57,631     0    0 

For  change  of  stone,  4,040/. ;  and  warming  and  venti- 
lating arrangements,  3,234/. ;  reported  to  her  Majesty's 
Commissioners  of  Woods,  and  sanctioned  by  parliament  7,274     0    0 

For  iron  roofs  and  other  warming  and  ventilating  ar- 
rangements,  executed  under  the  general  authority  given 
by  her  Majesty's  Commissioners  of  Woods  to  the  archi- 
tect to  comply  with  Dr.  Reid's  requirements  . ,  •  •  5,000     0     0 
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£        s.    A. 
Brought  forward..  ..  ..        G9,905     0     0 

Estimated  cost  of  the  stone  carving  under  the  arrange- 
ment sanctioned  by  her  Majestv's  Commissioners  of 
Woods,  &c.,  May  13,  1841  '..  ..  ..  3,520     0     0 


Contract,  No.  7  (at  Prices). 
For  interior  finishings :  Amount . . 


f73,425     0     0 


jE21,407     6    0 


Contract,  No.  8  (at  Prices). 
For  interior  finishings :  Estimated  amount..  ..      dE165,37o     0     0 


A  Copy  OF  THE  Okioi.val  Estimate  (1S37). 
River  Front  and  Returns 
King's   Tower 
Clocl<  Tower. . 
Old  Palace  Yard  Front . . 
New   Palace  Yard   Front 
Puhlic  Entrance  Approaches 
House  of  Lords 

Offices,  Approaches,  &c.,  to  ditto 
House  of  Commons     .. 
Offices,  Approaches,  &c.,  to  ditto 
Law  Courts  . . 

£707,101     0     0 


211,047  19 

0 

79,§44  15 

0 

18,013   19 

0 

50,491     1 

0 

36,112  12 

0 

82,617     4 

0 

31,140  15 

0 

02,906     6 

0 

35,306     9 

0 

48,614   15 

0 

51,408     5 

0 

ON  CAEN  STONE. 

Frmn  a  paper  read  at  the  Royal  Institution  of  British  Architects, 
onJuniiarii  2ith.     By  T.  L.  Donalbson,  Esq. 

Being  about  to  employ  a  large  quantity  of  Caen  stone  in  a  work 
■which  is  on  the  point  of  commencing,  I  was  anxious  to  malce 
myself  fully  acquainted  with  its  properties  and  varieties,  and  the 
quantity  of  well-seasoned  blocks  that  might  be  available  in  the 
market.  I  therefore  determined  to  go  to  Caen  itself,  and  visit  the 
quarries.  A  few  hours  carries  one  o^er  to  Ha\'re  from  Southamp- 
ton, and  a  steam-boat  conveys  passengers  from  Havre  to  Caen 
in  four  hours.  The  last  hour  is  occupied  in  mounting  the  river 
Orne,  which,  in  its  course  from  the  sea  to  some  distance  above 
Caen,  has  a  flat  country  on  the  left  bank  of  the  ri\er,  but,  on  the 
right,  generally  a  lofty  bank,  at  times  immediately  overlianging 
the  stream,  at  others  receding  from  it,  but  again  joining  it.  Not 
far  from  the  mouth  of  the  Orne,  at  a  place  called  Ranville, 
quarries  are  worked  in  the  face  of  this  bank.  It  is  a  liarder 
and  coarser  variety  of  the  same  stone  as  tluit  near  Caen,  and 
of  more  open  texture,  witli  a  more  crystalline  character,  lience 
more  adapted  for  hydraulic  works  than  for  buildings.  I  am  in- 
formed Ijy  our  friend,  Mr.  H.  C.  Smith,  that  tliese  coarse  varieties, 
which  doubtless  are  very  durable,  resemble  in  several  particulars 
the  stone  from  ^Veldon,  in  Northamptonshire,  of  which  the  oldest 
buildings  at  Cambridge  are  constructed. 

The  material  generally  known  to  us  under  the  appellation  of 
Caen  stone  is  of  tlie  oolitic  formation,  presenting  a  close  analogy 
in  its  general,  and  e\'en  in  some  of  its  minor  divisions,  witli  the 
rocks  of  a  similar  kind  in  tlie  soutli  of  England.     The  quarries 
whence  it  is  derived  are  situated  at  Allemagne,  a  parish  and  village 
on  the  right  bank  of  the  river,  at  the  distance  of  about  a  mile  and 
a  half,   or  two  miles,   above  the  city.     The  quarries  heretofore 
worked   occupy   a   superficial    area   of   about  four   square   miles. 
Some  are  worked  by  means  of  shafts,  which   afford  access  to  the 
quarries  under  ground,  braiu'hing  ofl'  on  all  sides  in  long  galleries, 
or  multiplied  by  chambers,  which  are  about   18  feet  wide,  and  the 
ceiling-bed  upheld  by  massive  rude  piers,   wliich   are  left  9  feet 
square  and  18  feet  apart,  the  height  being  about  IS  or  20  feet. 
These  (juarries,  which  are  immediately  on  the  I)ank  of  the  river — 
here  abruptly  rising  from  the  water — have  an  access  from  the  side 
of  the  liank,  and  arc  ajjproached  by  inclined  roads,  leading  from 
the  summit  of  the  bank  abo\'e  and  from  the  water's  edge  below. 
The  openings  to  these  dark  and  gloomy  ca\erns  have  a  very  pic- 
turesque effect,  and  a  continued  series  of  them  present  themselves 
one  after  the  other.     The  galleries  penetrate  to  a  considerable 
distance.     The  extraction  of  the  stone  is  done  by  contract  or  task 
work,  at  so  much  per  cube,  the  quarrymen  removing  tlie   blocks 
and  dressing  them,  and  another  set  of  men   contracting  for  their 
carriage  from  the  (piarry  to  the  quay  at  Caen. 

Immediately  under  the  soil  there  are  some  thin  courses  of  hard 


coarse  stone  and  rubble,  but  the  immediate  ceiling-bed  is  called 
the  htnic  c/outier,  and  is  about  2  ft.  C  in.  thick.  It  is  of  a  hardish 
quality,  but  is  not  ajijilicable  for  building  purposes,  as  it  contains 
a  great  quantity  of  pebbles,  which  offer  great  difficulties  in  the 
sawing  and  working.  There  ai-e  about  six  beds  of  goiul  building 
stone,  the  five  uppermost  ones  calculated  for  outside  work,  the 
lowermost  adapted  only  for  inside  work,  as  it  has  soft  portions, 
which  do  not  well  resist  the  atmosjihere.''  Much  of  this  is  used  in 
the  interior  of  the  new  Parliament  buildings.  Tlie  aggi-egate  height 
of  tliese  six  lieds  is  from  22  to  23  feet.  It  is  to  be  observed  that 
aU  these  beds  are  not  to  be  found  in  every  quarry,  one  or  other  of 
them  disappearing  and  re-a]>pearjng  in  the  same  manner  as  in 
England.  The  names  which  I  am  about  to  give  do  not  obtain  in 
all  parts  of  the  district ;  and  some  of  them  have  various  designa- 
tions given  to  them  by  the  quarrymen.  The  uppermost  bed  is 
called  the  banc  pourri,  about  3  feet  thick,  whicli  is  a  very  good 
quality  of  stone ;  but  occasionally  it  has  in  some  portions  the  hard 
pebbles,  previously  alluded  to,  as  prevailing  to  so  gi-eat  a  degree 
in  the  banc  cloutier,  and  therefore  it  is  not  so  much  esteemed  for 
finer  building  purposes  as  the  lower  beds.  The  gron  banc  is  the 
next  bed,  and  has  an  average  depth  of  5  feet,  but  as  it  is  inconve- 
nient to  work  to  that  large  size,  it  is  generally  split  into  two,  in 
heights  of  3  feet  and  2  feet  ;  and  the  smaller  one  is  called  the 
banqueret  of  the  ijros  banc.  La  picrre  franchched  comes  next,  about 
3  feet  deep,  which  is  of  a  harder  quality,  and  well  adapted  for 
cornices,  sills,  copings,  and  the  like  exposed  positions  in  a  building. 
Next  to  this  is  the  banc  de  quatre pieds,  a  very  fine  bed,  which  has 
the  same  appellation,  and  depth  of  4  feet,  in  all  the  quarries,  as 
also  the  next  bed,  called /a  yj/ove  f/e  ?rc((?f//o»ces,  being  30  inches 
deep,  a  good  hard  bed  of  stone,  and  forming  the  lowest  of  those 
fit  for  outside  purposes  and  exposure  to  the  weather.  Tlie  sixth 
and  lowermost  lied  of  the  building-stone  is  termed  the  franc  banc 
and  has  a  total  dejith  of  from  \  feet  6  inches  to  5  feet,  but  this 
being,  like  that  of  the  gros  banc,  an  inconvenient  depth,  it  is  di- 
vided into  a  lower  thickness  of  3  feet,  and  an  upper  banqneret  of 
20  or  24.  inches  deep.  The  whole  of  the  stone  of  these  beds  is  soft 
and  tender  in  the  quarries,  and  the  blocks  are  extracted  with  great 
ease.  They  are  produced  of  regular  size  and  squareness.  AMieii 
taken  to  the  outside,  and  exposed  to  the  atmosphere,  they  gradually 
part  with  much  of  their  humidity,  and  harden  ;  and,  if  exposed 
on  the  quays  during  the  winter,  they  are  co\ered  over  to  protect 
them  from  the  frost.  They  saw  freely  with  a  common  peg-toothed 
saw,  without  either  sand  or  water,  and  are  easily  worked  for 
building  purposes ;  and,  being  of  a  compact  fine  grain,  they  pro- 
duce very  sharp  arrises,  and  receive  a  very  smooth  surface  on  the 
face. 

During  the  winter  little  work  is  done  in  the  quarries  in  regard 
to  extracting  blocks  of  stone  ;  but  the  men  occupy  themselves  in 
sawing  and  squaring  slabs  about  12  or  15  inches  square,  and  from 
an  inch  to  an  inch  and  a  half,  or  more,  thick,  wliich  are  used  for 
paving  halls,  galleries,  and  even  some  rooms  inside  their  buildings. 
But  the  most  extraordinary  use  to  which  1  have  seen  these  square 
slabs  applied,  was  in  the  church  of  the  Trinity  of  the  Ahbaye  aux 
Dames.  Two  of  the  openings  between  the  piers  have  been  closed 
up,  for  the  purpose  of  some  repairs  going  on.  I  passed  tlirough  a 
door  in  tlie  partition  or  inclosure,  both  of  which  appeared  to  nie 
of  the  same  thickness.  My  surprise  was  great,  and  I  examined 
the  edge  of  the  ojiening,  and  found  it  of  stone,  and  discovered, 
upon  closer  inspection,  that  the  opening,  about  10  feet  wide  by 
20  feet  high,  was  inclosed  by  these  square  thin  slabs,  aliout  an  inch 
and  a  half  thick,  placed  on  edge,  put  to  gether  with  plaister,  suffi- 
ciently stalile  to  allow  a  door  to  work  in  its  aperture.  I  subse- 
quently was  t(dd,  upon  inquiry,  that  the  inside  partition  in  rooms, 
10  feet  high,  are  formed  of  the  same  material,  and  secured  by  oc- 
casional upright  studs,  10  feet  apart.  These  partitions  are  admi- 
rable, for  they  are  very  light,  occupy  little  space,  and  form  an  ex- 
cellent ground  to  receive  the  plastering  on  the  surface. 

The  general. character  given  of  the  Caen  stone  is,  that  all  the 
Vieds  are  of  the  same  quality,  and  all  equally  adapted  for  building 
purposes ;  but  evidently,  from  the  infoi'iuation  w  liich  I  collected 
on  the  spot,  and  subsequently  in  London,  from  Messrs.  Luard,  tliere 
are  modifications  in  each  bed,  as  may  be  reasonably  supposed,  and 
as  experience  teaches  us  in  the  quarries  of  other  oolitic  stones  in 
Bath  and  Portland.  V^irious  veins  traverse  the  beds  in  all  direc- 
tions, and  have  a  white  apjiearance  ;  this  white  substance  is  equally 
hard  w  ith  tlie  stone  itself,  and  if  a  stone  be  laid  w  ith  its  bed 
parallel  w  ith  the  direction  of  tliese  veins,  it  is  of  little  consequence, 
but  they,  of  course,  indicate  a  certain  unsoundness  or  division  in 


*  This  is  also  the  case  with  all  the  oolitic  quarries  in  England.  The  uppermost  beds 
are  hardest  to  ivork,  hut  most  durable  ;  the  lower  beds  are  soft,  aud  will  not  stand  the 
weather  so  well  as  the  upper  ones. 
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that  part ;  and  if  the  stone  he  laid  with  this  vein  in  a  vertical  di- 
rection, the  block  will  run  the  chance  of  being  fractured  by  a 
weight,  or,  if  near  the  surface,  it  probably  may  adniit  tlie  wet. 
These  veins  are  not  like  those  in  tlie  Batli  stones,  which  are  hard, 
consisting  of  crystallized  carbonate  of  lime,  and  running  always 
in  a  vertical  or  inclined  direction,  and  not  liable  to  separation. 
In  general  it  is  considered  that  the  blocks  of  Caen  stone  may  be 
placed  in  construction  in  any  du'ection,  except  when  the  wliite 
veins  are  perceptible.  It  is  said  that  the  most  experienced  eye 
can  hardly  detect  the  different  qualities  of  the  stone  in  the  block, 
when  once  they  have  been  removed  from  the  quarry,  as  the  action 
of  the  quarryiiian's  tool  on  the  surface  hardly  offers  any  indication ; 
and  there  is  no  appreciable  difference  in  the  appearance  of  the 
^■anular  formation. 

There  are  in  the  vicinity  of  Caen,  even  to  a  considerable  dis- 
tance, many  beautiful  varieties  of  tliis  formation.  At  Falaise, 
about  20  miles  off,  higher  up  the  Orne,  is  a  fine  compact  stone, 
mucli  harder  than  tlie  Allemagne.  Its  texture  is  beautifully  equal, 
and  fine  grained.  Its  price  is  one-third  more  than  that  of  Caen 
stone,  and,  of  course  the  labour  upon  it  is  considerably  increased. 
It  is  well  adapted  for  exposed  situations,  and  is  used,  I  believe,  in 
the  quays  and  dock  basin  now  constructing  at  Caen. 

I  was,  of  course,  anxious  to  ascertain  whether  the  magnificent 
and  ancient  buildings  in  the  city  could  be  relied  upon  as  proofs  of 
the  quality  of  tlie  stone  in  the  Allemagne  quarries,  of  which  there 
is  a  traditional  report  lianded  down  from  one  generation  to  another, 
that  they  are  constructed.  And,  certainly,  the  lofty  pinnacles 
and  spires,  and  the  solid  liigli  square  towers,  which  rise  up  in 
clouds,  defying  the  fury  of  tlie  elements,  for  many  years  exposed 
to  storms,  hail,  rain,  snow,  and  frost,  acted  upon  by  all  the  alterna- 
tions of  heat  and  cold,  wet  and  dry,  present  a  sliarpness  of  arris 
and  smoothness  of  surface,  as  seen  from  below,  that  prove  a  con- 
siderable degree  of  hardness  in  the  stone  of  which  they  are  con- 
structed. Less  reliance  can  be  placed  upon  the  indications  on  the 
parts  within  reach,  for  exposed  as  tliey  have  been  to  the  Vandal 
wantonness  of  the  revolutionary  phrenzy  of  destruction,  and  tlie 
Cah'anistic  zeal  of  misguided  religious  feelings,  tliere  are  many  of 
the  lower  parts  broken  away  and  considerably  worn.  But  the 
attenuated  and  refined  details  of  some  "  renaissance"  finials,  pin- 
nacles, and  flying  buttresses,  in  the  lady-chapels  and  apsidal  altar- 
ends  of  the  churches  of  S.  Pierre  and  S.  Sauveur,  and  S.  Sauveur- 
le-Marclie  of  the  beginning  of  the  sixteenth  century,  more 
minutely  enriched  and  elaborately  carved  and  subdivided  than  even 
the  most  refined  details  of  tlie  flamboyant  parts  near  them,  are 
as  fresh  and  sharp  as  if  executed  within  tlielast  fifty  years.  Time 
and  weather  have  not  liad,  on  the  monuments  of  Caen,  the  same 
corroding  hideous  influence  as  on  the  edifices  of  Chester,  Coventry, 
or  Oxford.  Tlie  graceful  spire  of  S.  Pierre,  the  summit  of  which 
is  250  feet  above  the  market-place,  and  itself  more  than  100  feet 
high,  does  not  appear  to  be  thicker  than  9  inches  in  the  lower  part, 
and  is  reduced,  it  is  said,  to  +  inches  thick  at  top.  Tlie  immense 
weiglit  and  exposed  situation  do  not  seem  to  ha\"e  affected  it  in 
tlie  least  degree ;  and  it  may  be  quoted,  if  not  for  size,  at  all 
events  for  its  grace,  daring  construction,  and  state  of  preservation, 
after  540  years'  trial,  with  its  sister  spire  of  our  own  Salisbury, 
erected  at  the  same  period. 

At  the  same  time,  I  am  not  prepared  to  assert  whether  the  stone 
employed  was  all  taken  from  the  Allemagne,  or  from  some  other  su- 
perior quarries ;  but  the  appearance  of  the  stone  justifies  the  tra- 
dition of  its  origin,  and  I  know  not  how  to  question  it. 


CONAVAY   TUBULAR  BRIDGE. 

Ejcperiments  on  the  Completed  Structure. 

Wn  are  glad  to  be  able  to  quote  from  a  contemporary  an  ac- 
count of  the  experiments  on  the  tubular  bridge  just  completed, 
as  gi^-en  by  Mr.  Fairbairn  himself,  in  a  letter  to  a  friend  : — 

"  We  liave  solved  an  important  problem  in  practical  science;  and,  uespite 
the  prognostication  of  some  eminent  mathematicians,  tlie  wliole  of  my  ex- 
periments at  Millwall  have  been  more  than  realised.  On  Wednesday  last, 
the  tube  was  suspended  upon  temporary  piers,  400  feet  span  ;  and  with  its 
own  weight  (1,300  tons),  the  deflection  did  not  exceed,  but  was  under, 
8  inches.  With  300  tons  of  loaded  trucks,  the  deflection  was  increased  to 
11  inches — being,  as  near  as  possible,  in  the  ratio  of  1  inch  to  100  tons  of 
load.  The  computed  breaking  weight  of  the  tube  is  2,200  tons  equally  dis- 
tributed, exclusive  of  its  own  weight;  and,  having  its  perfect  retention  of 
form  and  great  rigidity,  I  am  of  opinion  that  it  would  sustain  3,000  tons 
before  fracture  took  place." 

It  appears  from  this  account,  that  the  deflection  under  a  load  of 
300  tons,  is  less  than  one  foot — an  amount  which  Mr.  Fairbairn 


considers  so  small  as  to  demonstrate  the  successful  issue  of  the 
undertaking  in  which  Mr.  Stephenson,  with  the  able  co-operation 
of  himself  and  Mr.  Hodgkinson,  is  engaged.  Certainly,  wlien  we 
consider  the  length  of  tlie  structure,  the  multiplicity  and  complex- 
ity of  the  component  parts,  and  the  number  of  joints  and  rivets 

the  accuracy  of  adjustment,  and  the  extreme  nicety  of  workman- 
ship which  efl'ect  the  result  stated,  must  appear  wonderful  ;  and 
the  superintendents  of  tliis  great  work,  who  have  concerned  them- 
selves in  its  minutest  details,  and  therefore  have  the  fullest  sense 
of  its  difficulties,  must  naturally  estimate  this  amount  of  success 
more  highly  than  comparatively  uninterested  persons  can  do. 
But  iron,  even  of  the  best  quality,  is  not  perfectly  elastic;  bolts 
and  rivets,  though  ever  so  carefully  formed,  are  not  mathematically 
true ;  and,  therefore,  it  may  reasonably  be  asked,  if  the  structure 
sink  one  foot  now,  liow  much  will  it  sink  when  the  bolts  liave  been 
worn,  the  bolt-hides  enlarged,  and  the  plates  strained  by  the  wear 
and  tear  of  six  months'  railway  traffic  ? 

It  is  to  be  remembered,  also,  that  the  dynamical  effect  on  the 
structure  of  a  load  in  motion,  is  much  more"  than  the  statical  effect 
of  a  load  at  rest.  In  the  case  of  a  jointed  structure,  of  which 
the  elasticity  is  imperfect,  the  dynamical  strain  and  deflection 
would  be  certainly  double  the  corresponding  statical  eflect. 

These  remarks  are  not  intended  as  forebodings  as  to  the  ulti- 
mate success  of  this  magnificent  undertaking.  All  that  we  wish  to 
do  is  to  point  out  how  much  of  the  problem  is  solved,  and  how 
much  remains  in  doubt.  Considering  the  question  abstractedly, 
we  cannot  deny  tlij  possibility  of  making  the  structure  strong 
enough  to  bear  its  load.  Theoretically,  a  tubular  bridge  may  of 
course  be  made  strong  enough  to  bear  any  assignable  load  what- 
ever— ton  after  ton  of  metal  miglit  he  added  till  the  requisite 
strength  would  be  obtained.  For  as  each  ton  of  metal  would  be 
disposed  so  as  to  bear  something  more  than  its  own  weight,  we 
should,  by  continuing  the  process  of  increasing  the  thickness  of 
the  plates,  arrive  ultimately  at  a  point  where  the  strength  was  suf- 
ficiently in  excess  to  sustain  any  load  assigned. 

But  the  question  is,  not  wliether  the  bridge  may  be  made  strong 
enough,  but  whether  it  be  made  so  at  the  least  expense  of  material. 
It  is  to  this  point  our  doubts  refer.  Jlr.  Fairbairn  says,  that  his 
experimental  results  contradict  the  conclusions  of  some  eminent 
mathematicians ;  and,  except  for  the  laudatory  epithet,  we  should 
be  disposed  to  tliink  that  he  refers  to  investigations  wliich  have, 
from  time  to  time,  appeared  in  this  Journal^  in  which  alone,  we 
belie\'e,  the  mathematical  principles  of  tlie  tubular  bridge  have 
been  discussed  on  an  extensive  plan.  But  leaving  the  personal 
question,  it  is  enough  to  explain  that  we  call  in  question  not  the 
effect,  but  the  means ;  not  the  sufficiency  of  the  structure,  but  its 
economy.  It  has  been  already  shown  (Vol.  IX.  for  1846,  p.  300), 
that  straight  tension  rods,  proceeding  in  right  lines  from  high 
suspension  towers  to  several  joints  along  the  tube,  would  act  with 
the  greatest  possible  efficiency.  It  is  not  even  now  too  late  to 
apply  tlie  suspension  rods  to  the  bridge :  only  let  it  be  by  recti- 
lineal rigid  diagonal  bars — not  by  flexible  or  catenary  chains. 
Comparing  equal  quantities  of  metal  disposed — first,  in  increasing 
the  thickness  of  the  tube — secondly,  in  diagonal  bars,  acting 
eitlier  as  struts  beneath  the  tube,  or  as  tension  rods  above  it, — it 
has  been  mathematically  demonstrated  that  the  efficiency  of  the 
metal  may  be  trebled  by  the  second  method.  AVere  it  not  dan- 
gerous to  prophesy  on  a  subject  so  novel  and  so  difficult,  we  should 
be  inclined  to  predict  that  this  second  method,  in  one  or  other 
of  its  forms,  of  diagonal  tension  rods  or  diagonal  struts,  will  be 
found  necessary  after  the  structure  has  been  some  time  in  use. 


NOTES  OF  THE    MONTH. 

TAe  Tabernacle. — Among  the  interesting  exhibitions  now  open  is  that  of 
the  Tabernacle  of  Israel,  at  58,  PalliVIall.  The  Rev.  R.  W.  Hartshorn,  a 
clergyman  of  the  University  of  DubUn,  feeling  an  interest  as  to  the  form 
and  structure  of  the  Tabernacle,  has  had  a  model  made,  with  all  the  details 
elaborately  executed,  as  gohl  and  silver  candlesticks,  brass  sacrificial  instru- 
ments, and  embroidered  curtains.  The  models  are  two  in  number,  and  are 
executed  in  strict  conformity  with  the  texts  in  the  bible,  which  describe  the 
arrangement  of  the  original  Tabernacle  of  the  Jews.  The  first  of  these 
models  represents  the  Jews  encamped  in  the  plain  of  lloab,  with  the  tribe  of 
Levitts  and  the  Tabernacle  in  the  centre.  The  tents  of  Ephvaim  are  shown 
in  the  distance,  and  afar  off  the  Dead  Sea  and  the  mountain  range.  This  is 
a  most  interesting  tableau.  The  other  model  is  devoted  to  the  illustratioa 
of  the  court  of  the  Tabernacle  in  greater  detail.  Here  are  shown  the  sixty 
pillars,  the  altar  of  burnt  offering,  the  embroidered  curtains,  and  all  the  ac- 
cessaries of  the  place  of  worship.  Tlie  water-vessels  are  copied  from  au- 
thorities in  the  British  Museum ;  the  pdlars  are  gilt,  the  candlesticks  and 
vessels  are  of  gold  and  silver,  and  the  model  of  a  high  priest  stands  at  the 
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altar,  superintending  a  sacrifice.  .This  exhibition  is  an  extraordinary  exam- 
ple of  the  practical  illustration  of  a  text,  and  is  likely  to  excite  very  great 
interest,  from  the  nature  of  the  subject  and  the  mode  in  which  it  is  carried 
out. 

Sewage  Pipes. — Glazed-ware  pipes  for  sewers  have  become  a  large  article 
of  manufacture  since  the  late  sanitary  agitation. 

Water  Works. — In  the  new  sanitary  bill,  provision  is  made  to  enable  the 
new  commissioMprs  to  set  up  water  and  gas  works. 

Death. — Mr.  Charles  Dyer,  a  member  of  the  Institute  of  British  Archi- 
tects, has  died  of  paralysis.  His  works  are  chiefly  at  Bristol ;  and  include 
the  Victoria  Kooms,  with  a  large  Corinthian  portico ;  the  Bishop's  College,  in 
the  Gothic  style ;  Christ  Church,  Clifton  ;  Bedminster,  New  Church  ;  and  the 
Female  Orphan  Asylum. 

Nexo  Theatre. — The  Royal  Polytechnic  Institution  has  been  nearly  doubled 
in  size  by  the  erection  of  a  very  large  tlieatr^,  capable  of  holding  a  great 
number  of  persons. 

Decoration. — Regular  courses  of  lectures  are  now  being  given  at  the 
School  of  Design,  Somerset  House. 

New  Gallery, — In  consequence  of  the  gift  of  the  Vernon  collection,  the 
government  have  obtained  a  committee  of  the  House  of  Commons  to  inquire 
into  the  accommodation  at  the  National  Gallery,  and  what  provision  ought 
to  be  made  for  the  national  collections.     This  will  result  in  a  new  building. 

Builders'  Foremen. — The  Institution  of  Builders*  Foremen  has  reached  its 
third  year.     Its  first  investment  of  ^100,  3^  per  cents,  has  been  made. 

Windows. — An  agitation  is  being  carried  on  to  get  rid  of  the  window  tax, 
and  as  it  is  supported  on  sanitary  grounds  it  is  likely  to  be  successful,  though 
the  government  have  refused  to  do  anything  this  year. 

Death. — The  newspapers  announce  the  death  of  Lieut.  Col.  Henry  Brand- 
reth,  R.E.,  one  of  the  paid  Railway  Commissioners.  He  was  a  very  dis- 
tinguished member  of  the  Corps  to  which  he  belonged.  His  death  was 
sudden. 

Dividends. — The  railway  dividends  declared  at  tne  half-yearly  meetings 
have  been  more  satisfactory  than  was  expected ;  while  a  conoplete  denial 
has  been  given  to  the  charge  that  dividends  have  been  paid  out  of  capital. 

Broad  Gauge. — The  course  of  litigation  has  been  latterly  in  favour  of  the 
broad  gauge,  and  it  is  expected  the  Great  Western  will  be  left  masters  of  the 
Birmingham  and  Oxford  line. 

Telegraph.—'MT.  Wishaw  is,  it  is  stated,  engaged  on  an  hydraulic  tele- 
graph, of  which  system,  as  is  well  known,  he  was  the  inventor.  He  organised 
the  establishment  of  the  Electric  Telegraph  Company. 

Colonies. — Colonial  railways  are  quite  at  a  stand-still :  the  Demerara  works 
are  stopped,  the  new  Jamaica  lines  given  over,  and  the  Trinidad  and  Barbadoes 
Companies  defunct. 

Survey. — The  ordnance  surveyors  have  begun  the  survey  of  London,  for 
fear  they  should  be  stopped.  Mr.  Wyld  gave  some  opposition  in  the  House 
of  Commons,  but  the  surveyors  have  been  so  supine,  that  the  government 
have  been  able  to  carry  out  their  own  system. 

Blackburn. — ^nthe  18th  ult.,  a  new  market-house  was  opened  at  Blackburn. 
It  ia  by  Mr.  Terence  Flanagan,  C.E.,  and  is  181  ft.  6  in,  long,  and  109  ft.  6  in. 
wide.  The  roof  is  in  three  spans.  The  tower  is  18  feet  square,  and  rises 
90  feet  high.     The  material  is  Longridge  stone,  and  the  cost  £800. 

Flaxman. — A  collection  of  150  works  of  Flaxman  has  been  presented  to 
the  University  College  by  Miss  Denman,  his  executrix. 

Saltash  Bridge  for  the  Cornwall  Railway. — The  estuary  of  the  Hamoaze 
at  Saltash  Passage,  is,  at  high  water,  about  three-quarters  of  a  mile 
wide,  10  fathoms  more  or  less  deep,  and,  from  its  narrowness  compared  to 
other  parts,  the  stream  runs  there  with  a  most  powerful  force.  It  is  designed 
to  carry  over  the  river,  at  this  passage,  a  bridge  of  three  arches,  95  feet 
above  the  surface  of  high-water  spring  tides.  To  aid  in  the  accomplish- 
ment of  this  great  object,  the  Cornwall  Railway  Company  have  purchased 
two  14-gnn  packet  brigs — the  Pigeon  and  Magnet — of  300  tons  each,  and 
have  moored  them  at  the  passage  about  midway.  By  a  series  of  moor- 
ings, it  has  been  ascertained  that  the  bed  of  the  river  is  covered  with  mud  to 
depths  varying  from  18  inches  to  15  feet.  On  the  Cornwall  side,  a  stage 
being  moored  20  feet  from  the  beach  at  low  water,  and  a  30-bar  ladder 
with  weights  attached,  let  down  to  rest  on  the  ledge  of  a  steep  rock,  a 
diver  had  yet  to  descend  9  feet  before  the  bottom  was  obtained.  On  the 
Devonshire  side  th'ere  is  not  so  much  declivity.  The  company  have  just 
received  from  Bristol,  by  Bristol  and  Exeter  and  South  Devon  Railway  to 
Totness,  and  thence  by  sea,  an  immense  cylinder,  weighing  23  tons,  85  ft. 
9  in.  long,  and  0  ft.  3  in.  diameter.  It  is  designed  to  let  this  cylinder  down 
perpendicularly  between  the  two  brigs,  when  it  will  be  about  25  feet  out  of 
the  water,  and  in  that  position  to  moor  it  with  hemp  cai)les,  fastened  to  four 
or  five  anchors,  some  of  which  weigh  1  ton  each,  purchased  expressly  from 
her  Majesty's  dockyard.  An  effort  will  then  he  made  to  pump  the  cylinder 
dry,  by  steam-engines  to  be  fixed  on  board  the  brigs.  Should  the  experi- 
ment with  this  cylinder  prove  successful,  it  will  have  to  give  place  to  one  of 
much  greater  magnitude,  weighing  130  tons,  of  the  same  length,  but  having 
a  diameter  of  30  feet — thus  providing  an  area  of  sufficient  extent  to  lay 
foundations  for  the  piers  of  this  formidable  work.  At  the  present  season 
there  are  not  more  than  about  30  men  employed  at  Saltash  ;  but  a  far 
greater  number  will  shortly  be  employed.  They  are  under  the  control  of 
the  resident  engineer,  Capt.  Donee,  who  is  aided  by  Mr,  Pope,  the  gentleman 
who  80  ably  assisted  in   floating  the   Great  Britain  steani-packet. 


XiZST    OF    NE\V    PATENTS. 

GRANTED    IN  ENGLAND    FROM    JANUARY  22,   TO    FEBRUARY    23,    1848, 

Six  Months  allowed/or  Enrolment,  unless  otherwise  expressed, 

Htnry  Heywood,  of  Blackburu,  Lancashire,  for  "csrtaia  Impromnents  in  looms  for 
weaving.'*— Sealed  January  -*2. 

William  Hudson,  uf  Burnley,  Lancashire,  machine. maker,  and  John  Dodgeon,  of 
Burnley,  same  county,  overlooker,  lor  "  certain  Improvements  in  looms  for  weaving."— 
January  '2'2. 

Henry  Hornblower,  late  of  Dalgleish>place,  Commercial- road,  Middlesex,  hut  now  of 
Devon's-lane,  Bromley,  engineer,  for  "lertaiu  Improvements  in  machinery  for  exerting 
motive  power,  and  for  raising  and  forcing  fluids."— January  25. 

Thomas  Topham,  of  Ripley,  Derbyshire,  manufacturer,  for  "  Improvements  in  the 
manufacture  of  time-tables." — January  25, 

George  Fergussou  Wilson,  of  Belmoat,  Vauxhall,  gentleman,  for  "  Improvements  in 
treating  and  manufacturing  certain  (atty  or  oily  matters,  and  in  the  manufacture  of 
candles  and  night-lights." — January  2<k 

Henry  Highton,  of  Rugby,  master  of  arts,  and  Edward  HJghton,  of  Regent's  Park, 
Middlesex,  for  '*  Improvements  in  electric  telegraphs." — January  25. 

James  Barr  Mitchell,  M.D.,  and  Thomas  Best  Woolryche,  chemist,  for  *'  Improve- 
meats  in  the  manufacture  of  soiia,  and  in  treating  products  obtained  in  such  manufac- 
ture."—January  25. 

John  Collins,  of  Leominster,  in  the  county  of  Hereford,  architect,  for  '*  certain  Im- 
provements in  furnaces,  stoves,  grates,  and  tire-places,  and  in  kilns  and  other  apparatus 
for  preparing  vegetable  and  other  substances,  and  the  generation  and  application  of  beat." 
January  27. 

Thomas  Robinson,  of  Coventry,  ribbon  manufacturer,  for  "  Improvements  in  looms  for 
weaving  ribbons  and  other  fabrics  " — January  27. 

William  Watson  Pattinson,  of  Felling,  near  Gateshead,  Durham,  chemical  manufac- 
turer, for  "  Improvements  in  the  manufacture  of  soda." — January  27. 

William  Henry  Barlow,  of  Derby,  civil  engineer,  for  "Improvements  in  the  manufac- 
ture of  railway  keys."— January  27. 

William  Russell,  of  Lydbrook,  in  the  county  of  Gloucester,  iron  master,  for  "  an  Im- 
provement in  the  preparation  of  such  bar-iron  as  is  used  in  the  manufacture  of  certain 
kinds  of  rod-iron."- January  29. 

Alfred  Vincent  Newton,  of  Chancary-lane,  mechanical  draughtsman,  for  "  Improved 
machinery  for  manufacturing  shot  and  other  bails."     (A  communication.) — January  31. 

James  Blackwell,  of  Winsford,  in  the  county  of  Chester,  salt  proprietor,  for  "certain 
Improvements  in  evaporating  furnaces."— February  2. 

Robert  Fowles,  of  North  Sliielda,  Northumberland,  gentleman,  for  "certain  Improve- 
ments In  propelling." — February  8. 

James  Bird,  of  the  Cwm  Avon  Works,  Taibach,  Glamorgan,  gentleman,  for  "  certain 
Improvements  in  propelling."— February  8. 

Godfrey  Anthony  Ermen,  of  Manchester,  cotton  spinner,  for  "  certain  Improvements 
in  machinery  or  apparatus  for  twisting  cotton  and  other  fibrous  substances."— February  8. 

Richard  Claike  Burleigh,  of  Featherstone-buildings,  Middlesex,  gentleman,  for  "  Im- 
provements  in  burners  for  obtaining  or  producing  light  and  heat,  and  in  apparatus  to  be 
used  therewith."— February  8. 

Jacob  Brett,  of  Hanover-sqiiare,  Middlesex,  gentleman,  for  "  Improvements  in  electric 
printing  and  other  telegraphs." — ^February  8. 

William  Heywood,  glover,  of  Stone  Bridge,  Chester,  chemist,  for  "Improvements  in 
the  manufacture  of  oil  from  blubber." — February  8. 

William  Sangster,  of  Regent-street,  Middlesex,  for  "  Improvements  in  umbrellas  and 
parasols." — February  8. 

Jean  Napoleon  Zermen,  of  Greenwich,  Kent,  captain  in  the  French  navy,  for  "Im- 
provements in  ships  and  other  vessels."— February  8. 

Luke  Hebert,  of  Ryde,  Isle  of  Wight,  civil  engineer,  for  "  Improved  mechanism  for 
reducing,  grinding,  aud  sifting  bark,  sugar,  coffee,  seeds,  and  other  substances."— 
February  8. 

William  Peter  Piggott,  of  Oxford-street,  Middlesex,  and  Wardrobe-place,  Doctors* 
Commons,  city,  for  "certain  Improvements  in  nautical  instruments,  and  in  the  manu- 
facture of  cases  for  containing  instruments,  goods,  or  merchandise." — February  3. 

Jean  Marie  Magnin,  of  Ville  Granche,  (Rhone,)  France,  avocat,  for  "  Improvements  in 
machinery  for  sewing,  embroidering,  and  for  making  cords  or  plaits." — February  y. 

Gustav  Adolph  BuckhoU,  of  Forston-street,  Middlesex,  gentleman,  for  "  Improvements 
in  obtaining  motive  power. "^February  9, 

Felix  Douclia,  merchant,  of  Rouen,  France,  for  "certain  means,  processes,  and  appa- 
ratus used  for  saving  aud  applying  the  lost  heat  in  general  and  sometimes  direct  heat,  to 
many  useful  purposes.*'     (A  communication.) — February  10. 

William  Jeary  Cannon,  of  Cambridge,  solicitor,  for  "  Improvements  in  the  construction 
of  carriages  for  the  conveyance  of  sheep  and  other  animals  on  railways." — February  11. 

The  Right  Hon.  Thomas,  Earl  of  Dundonald,  Vice-Admiral  of  the  White  squadron  of 
Her  Mnjesty's  fleet,  Knight  Grand  Cross  of  the  Most  Hon.  Order  of  the  Bath,  for  "  Im- 
provements in  marine  steam  boilers  and  apparatus  connected  therewith." — February  11. 

Horatio  Black,  of  the  town  and  county  of  Nottiogham,  Ince-maker,  for  "Improve- 
ments io  evaporation." — February  14.  *■ 

John  Watson,  merchant,  and  Edward  Cart,  gentleman,  both  of  Hull,  for  "  Improve- 
ments in  the  manufacture  of  gas." — February  14. 

James  Timmins  Chance,  and  Kdward  Chance,  of  Birmingham,  for  "  Improvements  In 
furnaces,  and  in  the  manufacture  of  glass." — February  14. 

William  Tottie,  of  Crosby-square,  London,  merchant,  for  "  Improvements  in  distil- 
ling." {A  communication.) — February  14. 

John  Weston,  of  Portland. to\vu,  Middlesex,  majhinist,  for  *'  certain  Improvements  in 
obtaining  and  applying  motive  power." — February  1'!. 

Joseph  Barber  Haxby,  of  Dewsbury,  for  "  Improvements  in  making  communications 
between  the  guards,  engineers,  and  other  servants  in  charge  of  railway  carriages,  and  also 
between  the  passengers  and  such  servants,  which  improvements  are  applicable  generally 
where  speedy  and  certain  communications  are  required." — February  16, 

Edward  Massey,  of  Middleton-square,  Middlesex,  watchmaker,  for  "  Improvements  iu 
logs  and  sounding  apparatus."— February  18. 

Edward  Duncnmbe  Lines,  of  Chelsea,  and  Samuel  Luiz  Freemont,  'of  Love-lane,  City 
gentleman,  for  "  Improvements  in  the  manufacture  of  colours,  oils,  and  varnishes,  and  in 
the  manufacture  of  charcoal,  and  also  in  treating  vegetable  substances  for,  and  in  ob- 
taining extractive  matters  therefrom." — February  18. 

William  living,  of  THgon-road,  Kenniogton,  engineer,  for  "  Improved  apparatus  for 
cutting  or  carving  ornamental  forms  in  wood, stone,  and  other  materials." — February  23. 

James  Nasmyth  and  Holbrook  Gaskell,  both  of  Manchester,  engineers,  for  "certain 
Improvements  in  machinery  or  apparatus  for  forging,  stamping,  and  cutting  iron  and 
other  substances." — February  2;{. 
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CANDIDUS'S     NOT  E-BOOK, 
FASCICULUS  LXXX. 

"  I  must  have  liberly 
Withal,  as  Urge  a  charter  a=  the  winds, 
To  blow  on  wliora  I  please." 

I.  Caryatides  completely  contradict  Vitruvius's  conceit,  as  to  Ionic 
and  Corintliiiiii  columns  being  proportioned  respectively  after  Gre- 
cian mammas  and  misses,  for  tlie  real  feminine  or  lady-like  pillars 
are  far  more  bulky  and  robust  than  even  the  most  masculine  ex- 
amples of  tlie  Doric  order, — to  such  degree,  in  fact,  that  tliey  would 
be  positively  clumsy  were  they  mere  pillars,  whereas  variety  of 
form  and  play  of  outline  entirely  dissipate  the  heaviness  which 
would  attend  simple  masses  of  stone  of  the  same  bulk.  Of  the 
effect  and  value  of  Caryatides  in  architectural  composition  scarcely 
anj'thing  is  said  by  architectural  writers,  altliough  it  is  that  which 
chiefly  demands  their  consideration  and  remark  ;  for  as  to  the 
origin  or  first  introduction  of  such  figures  to  perform  the  office  of 
columns,  that  in  reality  matters  not  a  rush,  notwithstanding  it  is 
what  exclusively  occupies  the  attention  of  those  who  speak  of  them. 
The  current  legend  respecting  the  adoption  of  them  into  Greek 
architecture,  may  be  true  or  may  be  false  ;  but  at  aU  events  it  is 
not  necessary  in  order  to  account  for  pillars  being  shaped  to  re- 
semble human  figures,  such  figures  being  frequent  in  the  Egyptian 
style, — of  course  with  very  wide  differences  as  to  taste  and  de- 
sign, the  fundamental  idea  being  nevertheless  one  and  the  same. 
Far  more  to  the  purpose  is  it  to  consider  the  aesthetic  effect  of 
such  statue-columns,  and  their  value  in  architectural  composition. 
That  while  they  greatly  extend  the  resources  of  the  latter,  there  is 
direct  classical  authority  for  them,  and  that  in  an  example  fraught 
with  the  most  exquisite  taste,  is  undeniable ;  notwithstanding  which, 
the  propriety  of  the  taste  so  displayed  has  been  called  in  question, 
or  rather  has  been  peremptorily  condemned.  It  is  contended  that 
such  figures  both  suggest  painful  ideas,  and  partake  of  the  prepos- 
terous. With  regard  to  the  first  of  these  objections,  it  is  difficult 
to  understand  wherefore  statues  performing  the  office  of  pillars 
should  excite  any  idea  of  pain  if  they  themselves  express  no  such 
feeling — which  of  course  they  ought  not  to  do — Imt  stand  calm, 
immoveable,  and  indicate  perfect  ease  and  tranquillity.  As  to  the 
preposterousness  of  employing  human  forms  for  offices  which  living 
human  beings  could  not  possibly  perform,  if  there  he  absurdity  in 
that,  it  is  of  a  species  which  extends  itself — or  I  might  say,  incor- 
porates itself — with  a  very  great  deal  of  both  architectural  decora- 
tion and  ornamental  design  generally.  It  has  been  said  that  what- 
ever is  contrary  to  common-sense  is  contrary  also  to  good  taste. 
The  validity  of  such  dictum  depends  very  much  upon  the  latitude 
allowed  to  the  term  "  common-sense."  If  we  are  to  understand  by 
it  merely  the  knowledge  based  upon  actual  experience,  a  very  great 
deal  that  has  hitlierto  been  regarded  as  manifesting  refined  taste, 
must  be  set  aside  altogether,  and  pronounced  to  be  in  very  false 
taste.  If  Caryatides  are  to  be  condemned  as  inconsistent  with 
good  taste,  because  they  represent  the  human  form  contrary  to 
what  we  know  by  common-sense  it  is  capable  of,  tlie  same  autho- 
rity of  common-sense  must  pronounce  statues  employed  as  pinna- 
cles and  acroteria  on  pediments  or  elsewhere  to  be  equally  repug- 
nant to  good  taste,  they  being  placed  for  a  continuance  wJiere  real 
persons — if  they  could  stand  there  at  all — could  remain  for  only  a 
few  minutes,  and  that  at  the  peril  of  their  necks  and  limbs. 
Again,  how  can  we  reconcile  with  plain  common-sense  such 
classical  monstrosities  as  arabesques  or  human  and  animal 
figures  terminating  in  foliage  .-'  Nay,  is  there  anything  of  common- 
sense — that  is,  of  plain,  honest,  matter-ot-fact  common-sense — in 
the  cramming  a  crowd  of  figures  into  a  pediment,  where  half  of 
them  are,  perforce,  crouching  down  ?  Or  what  shall  we  say  to 
such  conceits  as  corbel-heads,  or  to  statues  fixed  in  between  the 
mouldings  of  the  head  of  an  arch,  in  such  manner  that  some  of 
them  are  nearly  in  a  horizontal  position  .-'  If  common-sense  is  not 
startled  by  them,  it  may  surely  excuse  what  are  less  at  variance 
with  it — namely.  Caryatides,  which  last  are  at  once  so  picturesque 
and  elegant  in  effect,  that  their  being  so  rarely  employed  may  well 
excite  our  wonder.  Their  being  frequently  employed"  is  not  to  be 
looked  for,  on  account  of  their  expensiveness  as'  compared  with 
other  pillars  of  the  same  dimensions  ;  still  what  prevents  their  be- 
coming too  common  by  being  applied  on  ordinary  occasions,  should 
operate  as  a  strong  reason  for  introducing  them  where  magnificence 
is  affected,  and  cost  becomes  a  secondary  consideratk)n. 

II.  From  what  Mr.  Gwilt  says  on  the  subject,  in  his  Encyclopse- 
dia,  it  would  seem  that  Caryatid  figures  are  by  no  means  uncom- 
mon features  in  architectural  composition,  for  he  tells  us  that  "the 
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variety  in  quest  of  which  the  eye  is  always  in  search,  and  the  pic- 
turesque effect  which  may  be  produced  by  the  employment  of  Carya- 
tides, leads  often  to  tlieir  necessary  employment."  How  he  recon- 
ciles the  epitliet  "  necessary"  with  the  opinion  uttered  by  him  just 
before,  viz.,  that  the  purj)ose  of  support  can  be  not  only  as  well  but 
even  better  accomplished  by  a  small  order, — must  be  left  to  himself 
to  explain,  whicli  it  would,  perhaps,  puzzle  him  to  do ;  and  ])uzzle 
him  also  it  would  to  justify  the  expression  "  Often  "  by  enumerating 
examples.  On  the  contrary,  they  are  exceedingly  rare  indeed,  in 
this  country  more  especially,  for  I  can  call  to  mind  only  one  in- 
stance of  the  kind  in  the  metropolis,  namely,  that  affoi-ded  by  the 
church  of  St.  Pancras.  Yet,  though  he  evidently  entertains  no  par- 
tiality for  Carj'atides,  Mr.  Gwilt  appears  to  regard  with  favour 
Inigo  Jones's  idea  for  the  circular  court  in  the  palace  of  Whitehall, 
which  was  intended  to  have  two  orders  of  colossal  figures,  answer- 
ing to  two  entire  stories  of  the  edifice,  which  enlargement  of  scale 
for  figures  of  the  kind  is  certainly  no  improvement  upon  the  taste- 
ful Athenian  example. 

III.  It  would  be  well  were  we  to  ask  ourselves  what  is  likely  to 
be  the  result  of  the  present  system  of  architectural  copyism  and 
mere  reproduction.  The  works  so  formed  and  fashioned  will,  by 
and  by,  come  to  be  looked  upon,  at  the  best,  only  as  so  many  clever 
counterfeits  and  imitations  of  what  were  previously  living  styles 
of  the  art,  fraught  with  vitality  and  with  the  actual  impress  of  the 
period  when  they  respectively  flourished.  Just  now,  while  we  are 
imitating,  our  imitations  may  interest  ourselves,  but  they  will  be 
of  no  interest  or  value  to  those  who  come  after  us.  Historic  int&- 
rest  they  will  have  none,  except  as  testifying  to  our  skill  in  me- 
chanical mimicry,  and  our  utter  want  of  inventive  and  creative 
power.  Do  what  we  will,  imitation  of  something  done  before  there 
always  must  be  in  architecture;  yet,  as  if  that  were  not  sufficient, 
we  affect  and  pique  ourselves  upon  direct  and  express  imitation.  We 
must  always  have  "  something  after  somebody,'  or  after  something 
else.  And  this  of  itself  constitutes  a  prodigious  difference  between 
the  art  at  the  present  day  and  in  former  jieriods,  our  own  being 
little  better  than  a  blank  with  regard  to  original  ideas.  So  that 
with  all  our  reverence — real  or  pretended — for  i)recedent,  we  refuse 
to  recognise  the  artistic  liberty  to  which  we  are  indebted  for  those 
styles  and  examples  of  them  which  we  now  cry  up  as  patterns  of 
excellence. 

IV.  The  free  exercise  of  invention  in  design  is  not  to  be  con- 
founded with  mere  arbitrary  innovation.  The  inventive  power  for 
which  such  freedom  is  claimed  must,  however,  be  of  a  legitimate 
kind, — that  is,  be  directed  by  sound  principles  of  art.  With  them 
and  a  cultivated  taste  for  his  guidance,  he  who  has  the  spirit  of  an 
artist  in  him  may  safely  be  trusted  to  his  own  impulses  and  ideas  ; 
whereas  he  who  has  no  insiglit  into  artistic  principles,  who  has 
never  applied  himself  to  aesthetic  study,  cannot  be  trusted  at  all 
beyond  the  limits  of  the  most  ordinary  common-place  and  jog-trot 
design,  for  if  there  be  a  possibility  of  blundering  he  is  sure  to  do 
so.  No  matter  in  what  style  he  attempts  to  disguise  himself,  his 
vulgarity  is  certain  to  betray  him,  and  his  irrepressible  Pecksniffism 
breaks  out,  without  being  at  all  suspected  by  him,  or  it  being  in 
his  power  to  guard  against  it,  for  the  simple  reason  that  it  is  his 
nature,  and  he  has  no  idea  of  what  he  ought  to  guard  against. 
Daily  experience  confirms  the  truth  of  this  :  how  many  atrociously 
vile  and  vulgar  copies — or  rather  parodies  and  caricatures,  although 
intended  for  copies — do  we  see  of  styles  and  modes  of  design  and 
composition  that  happen  to  have  been  brought  into  vogue — as,  for 
instance,  the  astylar  "  Palazzo"  fashion  introduced  by  Barry,  which 
has  in  many  cases  been  either  positively  vulgarized,  or  else  treated 
in  the  most  prosaic  manner, — as  if  the  intention  were  to  prove 
what  miserable  taste  may  be  displayed  in  things  that  affect  to  con- 
form to  precedent  and  to  be  perfectly  free  from  caprice. 

V.  As  to  caprice,  tliat  term  is  frequently  applied  ^•ery  unmean- 
ingly. It  is  very  common  for  people  to  set  down  at  once  for 
caprice  whatever  deviates  fi-om  general  rule  and  usual  method  ; 
thereby  perplexing  that  ordinai-y  and  petty  criticism  which  has  no 
other  standard  of  judging  than  established  routinier  precepts,  in- 
terpreting them,  moreover,  to  the  very  letter.  Such  criticism  is 
unable  to  discriminate  betvveen  what  is  mere  caprice  and  what  is 
not, — wide  as  is  the  difference  between  them.  The  capricious  is 
that  for  which  no  satisfactory  reason  can  be  assigned  by  the  author 
of  it  ;  but,  however  contrary  it  may  be  to  usual  practice,  that  is 
not  caprice  which  is  done  with  deliberate  intention  and  well- 
studied  aim  at  effects  previously  untried.  And  if  to  do  well 
merely  according  to  precedent  be  meritorious,  much  more  so  must  i 
be  to  do  so  and  at  the  same  timegobeyond  actual  precedent,  creating 
what  in  its  turn  will  be  recognised  as  valid  precedent  and  authority. 
It  is  proper  enough  to  be  perfectly  well  acquainted  with  precedent, 
but  to  be  tied  down  to  it — to  be  made  a  slave  to  it,  is  ul.     Those 
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who  are  iiicap.'ilile  of  tliinkiiiu;  for  thcmselvs,  take  rcfufre  in  pre- 
cedent, and  make  it  tiieir  stronghidd,  since  it  enables  them  to  as- 
sume a  tone  of  authority,  and  to  decide  dogmatically  without  any 
trouhle  of  thinking'. 

VI.  Careful  observance  of  rules  will  enable  any  one  to  avoid 
))ositive  faults  ;  but  between  them  and  positive  merits  tliere  is  an 
immeasurable  distanre — one  which  defies  calculation.  In  art,  it  is 
very  possible  to  be  ;it  once  faultless  and  valueless — without  any 
siiecific  fault,  but  also  without  any  interest  or  any  charm, — in  a 
word,  to  be  altoj^ether  humdrum.  Perhaps  it  is  rather  unfortu- 
nate than  not  for  architecture,  that  a  gi-eat  deal  of  humdrum  is 
of  necessity  tolerated  in  it :  however  %vorthless  or  unworthy  they 
may  be  as  producti(uis  of  architecture,  buildings  may  as  buildings 
comjiletely  answer  the  jmrpose  for  which  they  are  erected.  Besides 
whicli,  they  must,  when  once  erected,  remain  indefinitely,  to  the 
discredit  of  the  art  and  the  corruption  of  public  taste.  Humdrum 
poetry  becomes  serviceable  as  waste-paper  ;  humdrum  pictures  find 
their  way  into  lumber-rooms  and  garrets;  but  buildings  of  the 
same  or  even  worse  quality  cannot  be  so  got  rid  of,  or  put  out  of 
.siglit ;  otherwise  a  good  many  that  might  be  mentioned  would  now 
disap]iear. 

\'il.  There  is  something  startling,  perhaps  diverting  also,  in  the 
decidedly  opposite  opinions  entertained  by  two  of  our  architectural 
professors  with  regard  to  Vitruvius.  While  Professor  Hosking 
speaks  of  him,  in  his  Treatise  on  Architecture,  in  the  most  un- 
qualified terms  of  contempt,  Professor  Cockerell  venerates  him  ; — 
as  to  vindicating  him,  that  is  quite  a  different  matter,  anil  what 
he  does  not  even  so  much  as  attempt,  but  leaves  altogether  un- 
noticed the  highly  depreciatory  remarks  thrown  out  against  his 
idol,  not  by  Hosking  only,  but  by  the  author  of  the  "Newleafe 
Discourses,"  both  in  that  publication  and  elsewhere.  The  ignoring 
them  may  he  prudent  enough,  but  assuredly  does  not  show  much 
of  either  courage  or  ingenuousness,  keeping  quite  out  of  sight  as  it 
does  the  fact  that  Vitruvius  has  of  late  years  been  violently  im- 
pugned by  professional  writers  in  this  country,  and  his  work  de- 
clared valueless  to  the  architectural  student ; — nay,  not  only 
valueless,  but  in  some  degree  mischievous  also,  by  filling  him  with 
absurd  and  idle  notions,  and  affording  him  no  insight  whatever  into 
his  art, — as  art.  If  Vitruvius  has  been  unjustly  aspersed  aiul 
vilified,  it  was  for  Professor  Cockerell  to  defend  him — if  he  could ; 
instead  of  which,  in  his  closing  lecture  this  season  at  the  Royal 
Academy,  he  gave  liis  hearers  reason  to  suppose  that  the  chief  ac- 
cusation brought  against  him  had  been  by  his  German  editor, 
Schneider,  on  the  score  of  his  Latinity.  Schneider,  it  seems,  was  a 
mere  philologist,  and  honestly  avowed  his  ignorance  of  the  subject- 
matter  of  Vitruvius's  writings,  which  I  take  to  have  been  rather  in 
favour  of  his  author  than  the  contrary,  because,  had  he  been  ca- 
pable of  judging  of  the  value  of  the  matter  also,  hardly  would  he 
have  entertained  a  higher  opinion  of  him.  The  name  of 
Vitruvius  is,  undoubtedly,  one  of  great  traditional  fame — one 
sanctified  by  inveterate  prejudice,  partly  or  even  principally  be- 
cause his  books  De  Arcliitevturu  represent  to  modern  times  all 
that  remains  of  similar  writings  by  the  ancients.  That  mere  ac- 
cident has  conferred  upon  him  a  monopoly  of  reputation,  there 
being  no  one  to  share  it  with  him  ;  and  it  has  been  too  lightly 
taken  for  granted,  that,  writing  in  classical  times,  he  must  him- 
self have  been  a  competent  judge  and  expounder  of  classical 
architecture.  He  shows  himself,  however,  to  have  been  at  the 
best  of  a  very  plodding  turn  of  mind — notwitstanding  his  pompous 
and  priggish  proems,  and  to  liave  been  what  would  now  be  called  a 
mere  "  practical  man,"  acquainted  only  with  matters  of  routine  and 
the  technicalities  of  his  craft.  While  there  is  a  very  great  deal  in 
nis  woi'k  which  is  utterly  irrelevant,  it  being  only  in  the  remotest 
degree  connected  with  the  professed  subject,  there  is  absolutely 
nothing  whatever  that  gives  evidence  of  the  artist  or  the  festhetic 
critic.  There  is  not  so  much  as  any  attempt  to  lay  down  and  ex- 
plain principles  of  correct  taste  in  architecture.  There  is  neither 
argumentative  criticism,  nor  reasoning,  nor  remark  ;  but  every- 
thing is  treated  in  the  dryest  manner  conceivable,  and  for  the  most 
part  very  obscurely  also.  Wliat  is  to  us  his  obscurity  may  partly 
be  laid  to  the  charge  of  our  own  ignorance — our  not  being  better 
informed  as  to  various  matters  that  were  suflficiently  well  under- 
stood by  those  to  whom  he  addressed  himself,  but  which,  after  all 
attempts  to  explain  tlicm,  can  now  only  be  guessed  at.  The 
question  then,  is,  of  what  value  is  Vitruvius  to  us,  especially  at 
the  present  day,  when  by  means  of  various  ancient  buildings  and 
examples  that  have  lieen  fi-om  time  to  time  discovered,  explored, 
and  delineated,  we  have  obtained  a  far  clearer  insight  into  the 
principles  and  practice  of  the  architects  of  antiquity  than  can 
possibly  be  derived  from  the  writings  of  Vitruvius  .''  In  some 
instances,  obscurities  in  his  text  have  been  explained  by  what  has 


been  observed  in  extant  monuments  ;  yet  that  only  proves  that  the 
latter  are  infinitely  more  intelligible  instructors  than  \'itruvius.  and 
that  accordingly  he  may  now  be  dismissed  by  us,  for  any  real  advan- 
tage to  be  derived  from  the  study  of  him.  Such  study  will,  indeed. — 
if  that  be  any  advantage — enalile  the  architect  to  talk  learnedly, 
but  will  not  help  in  the  least  towards  making  him  an  artist  ;  rather 
will  it  be  apt  to  render  him  a  pedant,  and  obstruct  the  advance  he 
might  else  make  in  his  capacity  of  artist,  by  withdrawing  his  at- 
tention from  what  is  his  proper  study  as  such  ;  as  has  too  fre- 
quently been  the  case.  Many  would  have  been  far  greater  profi- 
cients in  their  art,  if,  instead  of  poring — perhaps  stupifying  them- 
selves also— over  Vitruvius,  they  had  thrown  him  entirely  aside, 
and  exercised  their  own  powers  freely  in  comjiosition  and  design. 

VIII.  The  subject  of  the  invisible — perhaps  altogetlier  imaginary 
— curves  in  the  lines  of  the  Parthenon  has  been  again  brought  for- 
ward before  the  Institute,  though  it  was  to  be  hoped  we  should 
hear  no  more  of  it.  Matters  of  far  greater  immediate  importance 
than  such  nugce  difficilcs  and  refined  subtilties  and  s])eculations, 
claim  our  attention,  ere  we  advance  so  far  as  to  be  able  to  appre- 
ciate such  exquisite  niceties  in  architectural  optics  as  those  attri- 
buted to  the  Greeks.  Little  less  than  ludicrous  is  it  for  us  to  pre- 
tend to  interest  ourselves  with  them,  when  we  complacently  tole- 
rate the  most  crude  and  spiritless  school-boy  imitations  of  classical 
architecture,  which  chiefly  show  how  very  ill  the  pretended  origi- 
nals have  been  understood.  So  long  as  we  shut  our  eyes  to  the 
glaring  barbarisms  in  taste,  and  the  liarsh  contradictions  with  re- 
gard to  style,  that  are  allowed  to  manifest  themselves  in  copies  of 
that  clasa,  it  is  in  vain  to  expect  that  we  shall  e\er  open  them 
wide  enough  to  discover  such  philosophically-studied  minutia;  as 
are  the  curvatures  in  cpiestion,  which  certainly! vvere  not  even  so  much 
as  suspected  till  very  recently,  notwithstanding  the  diligence  with 
which  the  Parthenon  has  been  examined,  not  only  by  Stuart,  but 
by  many  others  since  his  time.  It  has  been  ascertained  beyond 
contradiction,  that  Polychromy  was — to  a  certain  extent,  at 
least — employed  as  an  effective  and  legitimate  mode  of  architectural 
embellishment,  both  for  the  Parthenon  and  other  Greek  structures; 
and  yet  even  that  discovery  has  been  altogether  useless  to  us  in 
practice,  inasmuch  as  we  have  not  attempted  to  avail  ourselves  of  it 
on  any  occasion  :  and  if  we  forego  a  trait  of  Grecism  that  would  be 
plainly  perceptible  to  every  one,  hardly  is  it  to  be  supposed  that 
we  shall  ever  think  of  making  any  use  of  refinements  in  optical 
effect  that  would  not  be  perceptible  to  one  person  in  ten  thousand. 
Let  us  provide  the  shirt  before  we  think  of  the  ruffles  for  it :  when 
we  can  show  that  we  are  capable  of  fully  entering  into  the  charac- 
ter of  classical  architecture  with  genuine  artistic  sentiment  for  it, 
it  will  be  time  enough  to  think  of  those  exquisitely  subtile  and  deli- 
cate touches  which  are  now  imputed  to  the  Parthenon.  For  us, 
%vho  show  ourseh'es  so  obtuse  as  we  do  to  many  e^'en  tolerably  pal- 
pable qualities  in  Greek  design,  to  concern  ourselves  with  its  finest 
imjierceptible  workings,  is  nothing  less  than  absurd.  Besides 
which,  Grecian  architecture  has  of  late  fallen  into  discredit  with 
us,  we  having  at  last  found  out  that,  as  our  buildings  are  necessa- 
rily constituted,  it  is  nearly  altogether  inapplicable  by  us  in  actual 
practice.  Copy  Greek  orders  we  may,  but  we  cannot  keep  up— 
except  in  very  particular  cases  indeed — anything  like  the  genuine 
Greek  physiognomy;  so  that  the  degree  of  resemblance  aimed  at 
and  obtained,  only  serves  to  reruler  the  departure  from  the  original 
style  the  more  evident,  particularly  if  the  order  be  the  Doric, 
since  that  refuses  to  accommodate  itself  to  any  other  purpose  than 
a  simple  colonnade. 

IX.  So  very  far  are  we  from  studiously  calculating  optical 
effects  with  mathematical  precision,  that  we  do  not  seem  to  under- 
stand— at  least,  not  to  be  able  to  foresee — that  difference  of  appear- 
ance which  takes  place  between  a  geometrical  elevation,  in  which 
every  p.art  shows  itself  equally  distinctly  to  the  eye,  and  the  building 
executed  from  it,  in  which  last  it  is  perhaps  afterwards  discovered 
that  much  of  the  detail  does  not  tell  at  all.  Seldom  is  any  calcu- 
lation made  with  reference  to  the  actual  locality,  and  the  distance 
from  which  the  structure  itself  will  generally  be  viewed.  Hence, 
when  erected,  it  is  sometimes  discovered  that  a  building  can  be 
seen  only  so  far  off  that  its  lesser  features  are  scarcely  distinguish- 
able at  all,  or  else  only  from  so  close  a  point  of  view,  that  aU  the 
up])er  part  of  it  becomes  so  greatly  foreshortened  as  to  become 
quite  distorted,  and  altogether  a  different  object  from  what  the 
geometrical  design  promised.  It  is  not  uncommon,  again,  to  find 
that  while  those  parts  which  can  be  but  imperfectly  seen — or  at 
the  best  seen  only  in  their  geneial  forms — are  elaborately  decorated, 
those  which  being  almost  close  to  the  eye  show  themselves  dis- 
tinctly, are  comparatively  neglected  and  treated  as  subordinate 
ones  ; — and  so  they  may  be  with  regard  to  the  design  as  seen  upon 
paper,  but  not  as  it  is  seen  in  the  building  itself,    lu  many  cases,  the 
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merest  indication  of  detail  and  finish  would  answer  the  purpose  just 
as  well  as  that  degree  of  the  latter  which  is  now  deemed  indispens- 
able, although  the  parts  to  which  it  is  applied  may  he  out  of  sight, 
or  nearly  so.  Therefore,  I  cannot  help  taking  the  river  front  of 
Uie  new  Palace  of  Westminster  to  he  a  very  great  mistake,  anda  very 
costly  one  also.  However  exquisite  may  be  its  beauties  of  detail, 
they  are  valueless  if,  as  really  is  the  case,  they  are  invisible,  and 
cannot  be  enjoyed  by  being  admired. 

X.  AVhat  is  or  is  not  a  palace  seems  to  be  difficult  to  say,  when 
we  hnd  among  the  examples  referred  to  under  that  designation,  in  the 
index  to  Cresy's  translation  of  Milizia's  Lives,  not  only  Barbers'  Hall, 
tlie  Horse  Guards,  Heriot's  Hospital,  and  other  buildings  which  do 
not  seem  to  belong  at  all  to  that  class,  but  also  the  Monument  on 
Fish  Street  Hill !  We  may  therefore  congratulate  ourselves  on 
having  besides  that,  two  more  palaces  which  we  have  not  reckoned 
before — namely,  the  Nelson  and  the  York  Palaces.  A  most  agree- 
able surprise  must  it  be  to  Mr.  Railton,  to  find  that  he  has  erected 
an  entire  palace  when  he  attempted  only  to  stick  up  a  single 
column. 


THE  HOTEL  DE  VILLE,  PARIS. 

Hotel  (le  Ville  ds  Paris,  Mesure,  Dessine,  Grave,  el  Publie,  par 
Victor  Calliat,  Architecte  ;  avec  une  histoire  de  ce monument, par  hE 
Roux  DE  LiNCY.     Grand  folio.     Paris,  1844. 

As  the  seat  of  the  Provisional  Government  of  the  new  French 
Republic,  this  edifice  has  recently  acquired  a  degree  of  interest 
even  with  those  who  would  be  wholly  indifl'erent  to  it  as  a  work  of 
architecture.  Of  course,  it  is  as  the  latter  alone  that  we  notice  it, 
and  had  the  same  means  of  doing  so  been  afforded  us,  should  have 
done  so  before.  Still,  late  as  we  are  in  our  notice  of  the  splendid 
architectural  publication  whose  title  heads  this  article,  we  are  not 
at  all  behind  others,  for  we  are,  we  believe,  the  very  first  to  make 
mention  of  it  in  this  country.  It  may  sound  oddly  to  say  that  we 
hn.iten  to  give  our  readers  some  account  of  it ;  nevertheless  such  is 
the  case,  because,  anxious  to  speak  of  it  without  further  delay, 
just  at  the  moment  when  circumstances  give  the  building  an  inci- 
dental importance,  distinct  from  that  which  it  possesses  as  an  ar- 
chitectural subject,  we  are  at  j)resent  prepared  for  reporting  only 
of  the  graphic  part  of  the  work,  having  no  time  to  examine  the 
literary  one.  The  latter  is,  in  fact,  so  exceedingly  copious,  and 
contains  such  a  vast  mass  of  historical  matter,  as  to  require  very 
patient  study,  more  especially  as  the  form  in  which  it  is  given  is  a 
highly  inconvenient  one  for  either  perusalor  reference.  In  our  opinion, 
it  would  have  been  greatly  better  to  publish  the  plates  by  them- 
selves, or  with  only  so  much  letter-press  as  was  requisite  for  ex- 
plaining them,  and  describing  the  present  edifice  architecturally ; 
tlie  history  being  made  to  form  a  separate  octavo  volume,  either 
as  a  distinct  work  or  not,  as  might  be  deemed  expedient.  Had 
that  been  done,  both  the  folio  volume  or  atlas  of  plates,  and  the 
octavo  of  text,  would  have  answered  their  respective  purposes  much 
better  than  is  now  accomplished.  The  former  would  not  have 
been  so  inconveniently  bulky  ;  the  other  would  have  been  a  read- 
able volume,  whereas  now,  however  readable  the  matter  itself  may 
be,  hardly  can  it  be  said  to  be  in  a  readable  shape ;  whence  the  pro- 
bability is,  that  very  few  will  encounter  the  fatigue  of  reading  it 
at  all.  The  perusing  the  text  continuously  in  its  present  shape 
would,  to  ourselves  at  least,  be  a  formidable  task  ;  yet,  fortunately, 
we  are  not  particularly  solicitous  about  matters  of  mere  historical 
record, — events  and  transactions  which  have  no  other  relation  to 
the  edifice  itself  than  what  is  derived  from  the  latter  having  been 
the  locality  where  they  occurred. 

Leaving  M.  Le  Roux  de  Lincy's  portion  of  the  work,  we  shall 
confine  ourselves  to  M.  Victor  Calliat's  department  of  it,  who,  we 
should  observe,  holds,  or  lately  did  hold,  the  office  of  Inspecteur  of 
the  building,  and  who  employed  five  years  in  carefully  measuring 
and  delineating  the  various  parts  of  the  structure,  having,  besides, 
free  access  to  the  designs  of  MM.  Godde  and  Lesueur,  the  archi- 
tects employed  for  the  new  work.  Until  the  recent  amplification 
and  alterations,  which  have  rendered  it  one  of  the  most  important 
monuments  of  the  French  capital  even  in  its  present  greatly  im- 
proved and  embellished  state,  the  Hotel  de  Ville  was  of  little  ar- 
chitectural note,  except  as  a  souvenir  of  old  Paris.  The  style  of 
it  had  been  voted  "  Gothique"  and  obsolete  ;  and  the  actual  design 
showed  much  more  of  the  grotesque  than  the  beautiful.  All  that 
Woods  says  of  it  in  his  "  Letters, "  when  speaking  of  the  buildings 
of  Paris,  is :  "  It  has  a  certain  richness  of  appearance,  although  it 
is  not  in  a  style  of  architecture  capable  of  great  merit  (?)  and  even 


not  one  of  the  best  examples  of  the  sort.  It  is,  however,  as  good 
as  our  Guildhall."  As  good  as  our  Guildliall ! — as  well  might  he 
have  called  it  at  once  intolerably  bad. 

The  original  edifice  that  forms  the  nucleus  of  the  present 
greatly  extended  mass,  was  commenced  in  the  reign  of  Francis  I., 
viz.,  in  1533,  after  the  designs  of  Domenico  Boccadoro,  or  Boccardo, 
otherwise  called  Domenico  di  Cortona,  assisted  by  Maitre  Jehan 
Asselin,  and  the  fatade  and  the  "  Cour  d'Honneur,"  now  the  middle 
one  of  the  three  courts,  were  completed  in  1541  ;  and  much  was 
subsequently  done  from  time  to  time.  At  the  period  of  the  first 
Revolution,  the  edifice  suffered  greatly  ;  many  sculptures  and  em- 
bellishments that  were  obnoxious  to  the  enlightened  populace 
were  destroyed;  among  others,  a  series  of  portraits  from  the  16th 
century,  and  a  number  of  large  paintings  by  Porbus,  de  Troyes, 
Largilliere,  Mignard,  Vanloo,  and  other  masters, — or  if  not  actually 
destroyed,  removed,  nor  is  it  now  possible  to  ascertain  what  has 
become  of  them. 

During  the  Empire  and  the  Restoration,  the  edifice  underwent 
some  partial  alterations ;  but  it  was  not  until  183G  that  it  was  de- 
termined to  undertake  improvement  upon  a  comprehensive  scale  ; 
and  great  as  it  was,  the  scheme  has  been  carried  out  so  successfully 
that  the  Hotel  de  Ville  may  be  placed  foremost  among  the  ar- 
chitectural monuments  that  mark  the  reign  of  Louis  Philippe. 

If  not  particularly  remarkable  in  itself,  remarked  it  may  be,  that 
this  edifice,  which  is,  in  some  degree  at  least,  similar  in  purpose,  is 
also  contemporaneous  with  our  own  new  Palace  of  Westminster, 
except  that  it  is  already  completed,  whUe  the  completion  of  the 
other  cannot  at  present  be  calculated  upon.  Further,  being  in 
the  Renaissance  style,  it  shows  vvhat  might  have  been  made  of  our 
our  own  building  at  Westminster,  had  the  stipulated-for  Eliza- 
bethan or  Anglo-Renaissance  style  been  adhered  to,  but  at  the 
same  time  treated  with  the  same  freedom  and  refinement  as  are 
shown  by  MM.  Godde  and  Lesueur,  in  their  rifacciamento  and 
enlargement  of  the  Parisian  Hotel  de  VUle.  Among  the  improve- 
ments which  the  structure  has  received  from  them,  not  one  of 
the  least  is  that  whereas  it  before  showed  only  a  single  front — that 
towards  the  Place  de  la  Greve — it  now  forms  an  entirely  insulated 
mass  (405  feet  by  272),  with  four  regular  facades,  the  original  or 
west  one  (now  greatly  extended)  towards  the  aforesaid  Place,  the 
corresponding  or  east  one  towards  the  Rue  Lobau,  and  of  the  two 
shorter  ones,  that  facing  the  north  towards  the  Rue  Tixerandie, 
and  that  on  the  south  facing  the  Quai  de  la  Greve.  So  far,  if  in 
no  other  respect,  it  has  greatly  the  advantage  over  our  Palace  of 
Westminster,  one  side  of  which,  and  that  which  according  to  the 
design  is  the  principal  facade,  is  altogether  inaccessible,  so  that 
its  elaborate  decoration,  requiring  as  it  does  the  closest  inspection, 
is  completely  thrown  away. 

The  former  west  front,  or  that  towards  the  Place — which  was 
all  of  the  edifice  that  then  showed  itself  externally — was  not  quite 
200  feet,  but  is  now  extended  to  upwards  of  twice  that  length,  by 
the  addition  of  two  more  lofty  pavilions,  similar  in  character,  but 
somewhat  varied  in  design,  from  the  original  ones.  Hence,  the 
general  composition  is  now  increased  from  three  to  seven  divisions 
or  compartments,  two  of  them  being  the  intermediate  corps  de 
bdtiment  connecting  the  two  pavUions  (the  old  and  the  new  one) 
on  either  side  of  the  centre.  We  may  refer  our  readers  to  two 
difi'erent  views,  which  they  will  probably  be  able  to  turn  to  at 
once,  one  of  them  being  in  Pugin's  '^  Paris,"  the  other  in  Allom's 
"  France  ;"*  for  from  them  they  will  immediately  perceive  how 
great  is  the  improvement  as  well  as  change  that  has  taken  place. 
That  fa9ade,  however,  is  not  the  one  which  best  satisfies  us,  there 
being  in  the  original  portion  of  it  a  good  deal  in  a  rather  mesquin 
taste,  to  which  the  architects  were  obliged  to  conform  for  the  rest ; 
whereas  in  the  three  other  fronts,  and  also  the  inner  courts,  they 
have,  instead  of  allowing  themselves  to  be  tied  down  to  precedent, 
given  artistic  scope  to  their  ideas,  seizing  on  the  better  spirit  of  the 
style  by  which  they  were  to  be  guided,  and  refining  upon  it  by 
preserving  all  its  really  valuable  characteristics  and  motifs,  and 
avoiding  its  uncouthnesses,  its  harshnesses,  and  its  mere  eccentri- 
cities. Compared  with  the  other  principal  front — the  eastern  one, 
facing  the  Rue  Lobau — the  original  one  has,  in  spite  of  all  im- 

*  Pugin's  representation  of  the  building  is  80  excjedingly  poor  as  to  be  scarcely  intel- 
ligible; all  the  features  being  so  very  rudely  expressed,  that  it  is  impossible  to  make  out 
more  than  the  mere  general  design.  Allom's,  on  the  contrary,  is  tastefully  touched,  and 
shows  as  much  as  can  be  expected  in  a  general  view  of  the  whole  front  in  so  small  an  en- 
graving; at  the  same  time,  there  are  inaccuracies  in  it  which  ought  to  have  been  guarded 
against.  That  so  able  an  architectural  artist  as  Wr.  Allom  is,  should  have  given  only  a 
single  exterior,  and  not  so  much  as  one  interior  view  of  so  important  a  public  monument, 
is  to  be  regretted.  Perhaps  he  himself,  or  his  publishers,  regret  it  now  that  circum- 
stances have  given  a  particular  interest  to  that  particular  building.  Let  us  hope  then, 
that  Mr.  A.  will  visit  the  French  capital  once  more,  and  give  us  a  "  Paris  after  the  Third 
Revolution,"  since  he  may  there  liud  many  subjects  for  his  pencil  which  he  had  passed 
over;— among  others,  the  Church  of  St.  Vincent  de  Paule,  and  the  Kcole  des  fieaux 
Arts,  both  of  which  would  require  to  be  illustrated  by  more  than  one  drawing. 
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provenient,  a  cnnfused,  crovrded-up  look,  and  shows  not  a  few  dis- 
fin-rei'able  inequalities  of  taste.  The  new  facades,  on  tlie  contrary, 
exliibit  not  only  greater  simplicity,  but  greater  richness  also. 
There  is  iniinitely  more  of  homogeneousness  of  character,  the 
cliaracter  itself  of  the  style  adopted  being  purged  from  its  little- 
nesses of  manner  and  other  defects.  The  arcliitects — or  perhaps 
we  should  say  M.  Godde,*  for  the  other  appears  to  have  been  only 
his  mljoint  in  the  execution  of  the  works — may  be  said  to  have 
given  us  the  ideal  of  Renaissance — that  is,  French  Renaissance, 
modified  so  as  to  be  applicable  at  the  present  day. 

Previously  to  its  assuming  its  present  shai)e  and  greatly  ex- 
tended dimensions,  the  Hotel  de  Ville  had  only  a  single  inner 
court — a  trapezium  in  plan,  whose  eastern  side,  or  that  facing  tlie 
entrance,  is  consideralily  wider  than  the  latter.  Besides  this,  which 
is  (leiu)niinated  the  "Cour  d'Honneur,"  there  are  nowtwo  other  more 
spacious  ones,  that  on  the  south  side  being  the  "  Cour  du  Prefet," 
mid  on  the  north  the  "Cour  dcs  Bureaux."  Yet,  in  the  letter-press 
a<:cuunt — description  it  can  hardly  be  called — of  the  building,  in  Al- 
om's  "France,"  no  notice  is  taken  of  this  very  material  enlargement 
of  tlie  plan,  but  we  are  left  to  understand  that  there  is  only  a  single 
court, — "a  spacious  (?)  quadrangle,  entered  through  the  lofty 
arches  in  the  principal  front ;"  wliereas  those  entrances  lead  into  the 
two  separate  new  courts.  The  letter-press  writer,  the  Rev.  G.  N. 
M'right,  M.A. — don't  let  us  forget  the  M.A.,  though  it  does  not 
mean  Master  of  Architecture, — is  one  of  those  ready  writers  who 
pay  more  attention  to  quantity  than  quality ;  for  he  gives  the 
credit  of  the  present  structure  to  JMolinos,  an  architect  who  was 
only  employed  on  some  additional  constructions  to  the  building  in 
the  time  of  Napoleon,  which  have  since  been  entirely  swept  away. 
He  also  assures  us  that  all  the  additions  have  been  made  "in  the 
most  exact  and  complete  harmony"  with  the  original  fa.  ade,  which, 
as  far  as  it  means  anything  at  all,  means  that  they  are  little  more 
than  a  mere  copy  of  it. 

Altliough  not  very  spacious,  the  inner  courts  are  not  the  least 
beautiful  pai'ts  of  tlie  structure;  it  is,  however,  easier  to  judge  of 
their  design  than  their  effect,  for  they  are  shown  only  sectionally, 
whereas  subjects  of  that  kind  require  to  he  represented  perspec- 
tively  also.  For  an  external  facade — more  especially  if  it  consist 
of  little  more  than  a  single  general  plane  of  frontage,  without  ad- 
vancing or  receding  parts — a  geometrical  elevation  may  he  suffi- 
cient ;  but  where  several  facades  or  sides — be  they  those  of  a  room 
or  of  a  cortile — are  seen  in  combination  with  each  other,  the  aid  of 
perspective  becomes  requisite  in  order  to  convey  an  idea  of  the 
actual  appearance.  There  ought,  in  fact,  to  have  been  a  perspec- 
tive view  also  of  at  least  one  of  the  facades,  and  it  should  have 
been  of  that  facing  the  Rue  Lobau,  it  being  the  finest  of  them  all, 
and  moreover  distinguished  from  the  others  by  a  circumstance 
that  is  likely  to  escape  notice  in  a  geometrical  drawing,  more  es- 
pecially one  merely  in  outline,  where  there  are  no  shadows  to  ex- 
jiress  the  various  degrees  of  relief : — the  distinction  we  allude  to 
IS  that  in  that  front,  instead  of  being  engaged  ones,  the  columns 
of  both  orders  are  completely  detached  from  the  wall  behind,  at 
least  along  the  whole  of  the  central  portion  of  it  (extending  to 
fifteen  arcaded  intercolumns  in  its  length,  and  having  a  large  and 
highly-enriched  lucarne  over  each  alternate  intercolumn). 

From  the  exterior  alone,  a  very  imperfect  idea  is  to  be  obtained 
of  the  magnificence  of  this  noble  pile  of  building,  which  may  be 
one  reason  for  its  not  having  obtained  the  notice,  or  anything  like 
the  notice,  which  it  may  justly  claim.  Truly  palatial  in  outward 
appearance,  it  is  equally  so  within,  containing  as  it  does,  besides 
a  very  great  number  of  various  offices  and  other  mere  business 
rooms,  no  inconsiderable  number  of  state  apartments  for  municipal 
r,  unions  and  entertainments,  which  are  not  only  spacious  and 
handsome,  but  even  truly  splendid  ami  sumptuous,  and  withal 
Jtfford  an  unusual  variety  of  scenic  effects  in  architecture.  Yet, 
of  all  of  them,  only  one,  and  that  by  no  means  the  most  remarkable  of 
them  as  a  room,  is  pointed  out  by  the  JNI.A.  description-writer  in 
Alltmi's  " France" — namely,the  "Salle  duTrone,"wliicli  is  in  theori- 
ginal  portion  of  the  building  towards  the  Placf.f  Of  the  new  apart- 
ments, nothing  whatever  is  said  in  that  puldicatiun  ;  not  even  tlie 
"  Galerie  des  Fetes"  itself  is  so  much  as  mentioned,  although  that, 
and  the  approaches  to  it,  constitute  a  group  of  varied  and  well-com- 

*  From  what  is  said  orhiin  in  Nngler'a  "  KuiistlLT-I.exicon,"  welimt  tbat  ttiisort'tiittct 
(ivlio  was  born  in  17H1)  vvus  enipluytd,  ainon^  ottier  wurks.  on  tlie  rcstomliona  (i(  the  Ca- 
tlloUral  of  Auieins  ;  and  that  while  lit  was  liispecteur  en  chef  ile  la  2niv  section  des  Tra- 
vaux  l*uhlic.  he  made  plans,  elevaiimis,  j-ikI  sections  of  vatioua  clitirches  at  Palis, 
ttniountiny  in  all  to  about  three  tlunUied  diuwin^s  ;  yet  whether  tliey  were  ever  published 
is  not  slated. 

t  It  is  mentioned  ctiicfiy  for  the  purpose  of  itiformlriB  us  that  It  was  from  the  central 
window,  l.ouis  XVI,  addreasfd  tile  people  with  the  cap  of  Liberty  on  ills  head;  and 
J.OHis  Philippe  altcrwards  adilressed  tliciii.  wlien  Lafayelte  told  them,  that  in  him  they 
lii>hel'1  "  the  best  of  nil  Kepublico !" — words  whicU  the  present  llevoiulion  aud  the  ll*\if 
Be|iubltc  wiU  probably  verily  most  disastrously. 


bined  architectural  beauties,  that  taken  altogether  has  not  it.-* 
equal  in  any  royal  palace  of  Europe.* 

To  give — wliiit  is  no  easy  matter — something  like  an  adequate 
idea  of  this  part  of  the  interior  : — from  the  lower  vestibule  is 
seen  extending  to  the  right  and  left  (or  north  and  south)  a  mag- 
nificent staircase,  consisting  of  two  wide  successive  flights  of  steps, 
carried  in  a  straightforward  direction,  between  arches  supportetl 
on  marble  columns  in  the  upper  part  of  it,  where  there  are  gal- 
leries or  open  corridors  along  its  sides.  On  ascending  to  the  upper 
landing,  a  highly  enriched  dome,  though  one  of  moderate  dimen- 
sions, presents  itself;  and  through  this,  and  three  ornamental  com- 
partments over  the  stairs,t  tlie  staircase  is  lighted.  On  looking 
back  from  that  upper  landing,  a  most  striking  architectural  coup 
d'asil  presents  itself, — an  exceedingly  rich  perspective  vista 
through  an  open  sahiou  (the  "  Salle  des  Cariatides,"  over  the  vesti- 
bule below),  into  the  other  staircase.:]:  It  is,  therefore,  not  with- 
out just  reason  that  the  staircase  is  spoken  of  in  the  text  as  a 
chef-d' ceuvre  of  its  kind.  Even  admitting  that  either  of  the  stair- 
cases, in  some  respects,  and  among  others  in  spaciousness  as  to 
width,  yields  the  palm  to  the  one  in  the  Bibliothek  at  Munich, 
the  ememb/e  produced  by  the  two  greatly  surpasses  it ;  for  as  her.; 
managed,  it  is  far  more  striking  than  it  would  have  been,  had  the 
entire  space  been  thrown  open  from  end  to  end.  In  one  respect, 
these  staircases  have  a  decided  advantage  over  that  at  Municli, 
they  being  lighted  from  above,  in  the  manner  described, — conse- 
quently more  picturesquely.  Besides  which,  the  Munich  one  leads 
architectunillv  speaking,  to  nothing,  there  being  merely  a  number 
of  plain  shelved  book-rooms,  after  all  the  extraordinary  parade  of 
approach  to  them. 

Such  highly-disappointing  falling-off,  both  with  regard  to  ptir- 
pose  and  effect,  is  most  assuredly  not  experienced  in  the  Hotel  de 
Ville,  when  on  passing  from  either  staircase  through  a  noble 
ante-room,  the  "Galerie,"  with  its  thirty-two  fluted  Corinthian 
columns,  profusely  enriched  pendentives  and  plafond,  and  other  ela- 
boratedecorations, expands  itself  inallits  magnificence.  Thisapart- 
ment,  which  comes  in  the  centre  of  the  Rue  Lobau  front,  is  160 
feet  by  42,  and  40  feet  high,  with  thirteen  intercolumns  on  eacli 
side,  and  tliree  at  each  end.  The  cove  is  divided  into  arcs-dou- 
bleaux  anil  lunettes ;  of  which  last,  the  thirteen  on  the  side  facing 
the  windows  are  open,  so  as  to  foi-m  a  gallery  or  series  of  tribunes 
for  spectators,  who,  through  open  arches,  have  a  view  down  into 
the  "Galerie"  from  the  "flat"  or  roof  above  the  staircases,  which 
space  glazed  all  over,  and  having  pillars  along  its  sides,  is  thus  ingeni- 
ously turned  to  account,  and  made  to  produce  much  novel  effect. 
A  similar  view  is  there  obtained  into  the  "  Salle  des  Cariatides," 
through  similar  openings  and  the  gallery  carried  around  the  upper 
part  of  that  room,  to  which  they  afford  access.  The  room  just  men- 
tioned— which  derives  its  name  from  eighteen  caryatides  resting 
on  its  cove,  so  as  to  foi-m  the  gallery  in  its  upper  part,  and  support 
the  plafond—comes  in  between  the  "  Galerie  des  Fetes"  and  the 
"  Salle  du  Conseil  Municipal,"  as  well  as  between  the  two  staircases  ; 
so  that  from  this  point — a  most  happy  '■'■episode"  in  the  plan  — 
a  striking  architectural  pictui-e  presents  itself  in  every  direction, 
whether  we  look  towards  the  "  Salle  du  Conseil"  with  the  "  Cour 
d'Honneur"  beyond  it,  or  towards  the  "  Galerie,"  or  towards  either 
of  the  staircases.  In  fact,  this  part  of  the  plan  is  eminently  re- 
plete with  piquant  complexity — or  what  seems  to  be  complexity — 
and  variety  of  effect ;  aiul  it  is  all  the  more  striking,  because  it 
unexpectedly  opens  a  vista  branching  out  from  one  side  of  the 
"Galerie,"  and  which,  therefore,  breaks  up  that  excessive  same- 
ness of  arrangement  which,  so  dull  and  unartistic  in  itself,  is 
so  prevalent — we  might  say  so  uniformly  a  defect  in  continental 
buildings. 

There  is,  besides,  a  more  than  usual  degree  of  variety  and  play 
in  other  parts  of  the  plan  ;  for  instance,  in  the  several  saloons  in 
connection  with  the  "Galerie"  at  either  end  of  it.  One  of  these 
bears  the  name  of  the  "  Salon  Louis  Philippe" — an  appellation, 
that  will  now,  doubtless,  be  refurined ;  another  that  of  the  "Salon 
Napoleon."  Then  there  is  the  "  Salle  des  Banquets,"  respecting 
which,  however,  no  information  is  afforded,  nor  does  it  show  itself 

*  After  all,  such  omission  on  the  part  of  the  letter-press  was  perhaps  judicious,  be- 
cause to  have  spoken  of  those  parts  of  ilie  inleiior  as  they  deserved  to  lie,  would  have 
been  accusing  the  artist  of  tiiipiible  ouiihsii,n  on  his  part,  in  not  describing  any  uf  them 
with  his  jiencil,  more  es|iecijiily  as  his  lorle  lies  in  interior  subjects. 

t  From  tile  perspective  view  of  the  staircase,  it  appears  tliat  these  con-.pnrtri.ents  In 
the  vaulting  i-f  the  ceiling  are  not  exactly  what  we  siiould  call  skylights,  but  ornamental 
panels  lilled  in  with  bgur^^d  ^:lass,  eillier  coloured  or  phdn,  in  the  same  plane  as  ihe  other 
panels.  'Phis  ought  to  have  been  explained  in  the  letter-press,  as  likewise  ought  inatiy 
other  particulars  with  respect  to  decoration -colour  included — which  are  now  left  to  be 
conjectured. 

t  Thus,  in  regard  to  mere  general  disposition  of  plan,  these  staircases  are  somewhat 
simii.'rr  to  those  in  our  National  (iailery,  but  other  resemblance  there  is  none.  In  all 
other  respects  the  diflereuce  is  iimaiingly  great,  nor  need  we  say  ou  which  side  the  mai  keU 
superiority  lies. 


1818.] 


THE  CIVIL  ENGINEER  AND  ARCHITECT'S  JOURNAL. 


101 


in  any  of  the  sections ;  antl  a  prand  saloon  of  reception  on  the 
south  side  of  tlie  buildin<r,  nliich  foi'ms  altogether  a  space  of  80 
feet  by  50,  but  is  so  disposed  as  to  assume  the  appearance  of  three 
rooms  thrown  open  to  each  other  by  means  of  three  large  arches 
on  two  opposite  sides  of  the  central  one.  This  saloon  and  the 
"  Galerie  '  form  the  subjects  of  two  most  exquisitely-elaborate 
perspective  views,  replete  with  a  multiplicity  of  the  richest  and 
most  delicate  details,  all  rendered  with  a  precision  truly  marvellous. 
The  other  perspectives  are,  a  view  of  one  of  the  new  staircases  look- 
ing from  the  upper  landing  towards  the  "  Salle  des  Cariatides,"  and 
one  of  the  old  Staircase  as  seen  from  below.  There  is  also  a  de- 
tailed elevation  of  one  end  of  the  "  Salle  du  Trone,"  showing 
one  of  its  chimney-pieces  and  the  large  caryatid  figures,  between 
which  is  placed  tlie  spacious  mirror  over  it.  Unfortunately,  we  are 
left  to  desiderate  a  perspective  of  the  "  Salle  des  Cariatides,"  which 
would  have  been  highly  welcome,  because,  althougli  it  comes  into 
two  several  sections,  it  is  on  such  a  scale,  that  little  more  than 
its  general  architectural  design  can  be  made  out,  and  the  effect — 
which  is  of  a  peculiar  kind — is  left  to  the  imagination.  JNIany  of 
the  plates  are  occupied  by  details  and  ornaments  of  both  the  old 
and  new  portion  of  the  edifice,  and  show  how  elaborately  it  is 
finished  up. 

One  important  apartment  and  architectural  feature  in  the  build- 
ing, which  we  have  not  yet  mentioned,  is  the  "  Salle  des  Elections." 
This  is  on  the  ground-floor,  immediately  beneath  the  "  Galerie 
des  Fetes,"  and  of  the  same  dimensions,  except  that  it  is  somewhat 
shorter,  and,  as  may  be  supposed,  considerably  less  lofty.  The 
columns  here  are  of  the  Doric  order,  and  are  brought  forward  to  a 
greater  distance  from  the  walls  than  in  the  upper  "  Galerie."  We 
will  now  conclude  this  account — after  all,  but  an  imperfect  one — by 
saying,  that  not  only  is  the  edifice  itself  a  most  noble  and  tasteful 
monumental  work,  but  M.  Victor  Calliat's  publication  illustrates 
it — if  not  altogether  so  completely  as  could  be  wished — witli  ad- 
mirable diligence  and  taste.  We  have  no  English  work  of  the 
kind  that  can  compete  with  it,  or  with  the  similar  splendid  one  by 
Joly,  on  the  "  Chambre  de  Deputes"  (1840).  We  ha\'e  got  a  Royal 
Institute  of  Architects,  but  architectural  publication  does  not 
thrive  under  its  fostering  auspices.  And  so  wretchedly  low  is  tlie 
remuneration  of  architects  in  tliis  country,  that  even  those  who 
are  most  employed  cannot  afford  to  risk  any  of  ther  earnings  in 
endeavouring  to  promote  architectural  study  and  taste.  We  can 
— or  rather  we  will  only  say  :  Fuldc  dejlendum  est ! 


ARTS    MANUFACTURE    EXHIBITION, 

AT  THE  SOCIETY  OF  ABTs'  KOOMS,  ADELPHI. 

The  Exhibition  at  the  Rooms  of  the  Society  of  Arts  deserves 
particular  notice,  because  it  shows  that  the  workmen  of  this 
country  have  taste  and  artistic  skill,  as  well  as  mechanical  profi- 
ciency. This  is  the  second  exhibition  of  the  kind,  and  it  shows 
very  great  progress,  while  it  is  most  remarkable  in  this  very  good 
feature — that  whereas  before,  manufacturers  had  to  be  begged  and 
sought  to  send  tlieir  works,  they  have  this  year  sent  them  freely 
and  with  good  will.  This  is  going  forward  in  the  right  path,  for 
it  shows  that  the  manufacturers  now  feel  an  earnest  in  the  cause, 
and  that  gives  us  another  body  of  yoke-fellows.  The  artists  and 
workmen  have  likewise  shown  their  feeling,  by  the  greater  care  and 
skill  they  have  bestowed ;  w  hich  is  the  more  pleasing,  as  it  is  an  en- 
couragement to  all  those  who  have  come  forward  in  behalf  of  manu- 
facturing art. 

We  cannot  however  help  saying,  that  so  much  has  not  been 
done  as  ought  to  have  been  done  in  this  w  ay,  and  that  still  more 
remains  behind.  It  is  pleasing  to  witness  the  skill  which  has  been 
shown  ;  but  we  are  yet  far  from  the  goal,  and  leave  foreign  nations 
ahead  of  us,  while  we  have  not  means  enough  to  enable  us  to  beat 
them.  We  are  not  yet  even  with  the  old  Schools  of  Design  in 
France  and  the  Gewerbe-Instituten  of  Germany,  which  we  set 
out  to  follow,  while  of  late  years  they  have  made  further  way. 
We  call  the  Central  School  of  Design  a  mockery  ;  and  as  for  the 
others,  they  are  only  good  drawing-schools.  The  whole  is  a  failure 
as  to  quality  and  extent ;  and  we  might  just  as  well  think  to  beat 
the  hosts  of  Prussians  with  the  Lumber  Troop,  or  set  Tom  Thumb 
againt  the  Spanish  giant,  as  to  meet  the  French,  Prussians,  Bel- 
gians, Swiss,  and  Italians  with  the  paltry  staff  we  have.  Drawing 
must  be  taught  in  all  schools  to  the  sons  and  daughters  of  working- 
men  ;  there  must  be  a  high  school  for  drawing  in  every  town,  and 
there  must  be  good  schools  of  design  in  the  great  seats  of  manu- 


facture. The  buyers  at  home  must  be  taught  as  well  as  the  sellers  ; 
we  must  have  our  people  brought  up  to  a  knowledge  of  art,  and 
then  we  shall  be  able  to  go  into  the  markets  abroad  on  a  fair 
footing. 

This  question  of  teaching  design  is  one  of  trade  more  than  of 
anything  else  :  we  were  pinched  in  our  pockets  before  we  thought 
of  bestirring  ourselves.  It  was  only  wlien  we  found  out  how  much 
we  were  giving  to  the  French  for  silks,  flowers,  fancy  paper, 
bronzes,  and  paper-hangings, — to  the  Prussians  for  iron  castings  and 
embroidery  patterns, — and  to  the  Italians  for  objects  of  art,  that 
we  began  to  set  up  schools  for  giving  our  workmen  knowledge  of 
design.  The  tax  we  pay  to  foreigners  for  our  lack  of  knowledge 
is  so  great  that  it  would  hardly  be  believed ;  we  spend  millions 
yearly  for  goods  that  we  ought  to  be  able  to  make  as  well  :  nor  does 
the  evil  end  here,  for  as  we  cannot  make  for  ourselves,  so  neither 
can  we  meet  the  foreigner  in  tlie  market  abroad.  This  loss  falls, 
too,  upon  those  who  have  no  need  of  a  knowledge  of  design. 
Because  the  French  can  bring  out  silks,  satins,  muslins,  cottons, 
and  shawls  with  better  patterns,  the  English  spinner  and  weaver  of 
plain  goods,  the  machinist,  the  drysalter,  and  tlie  merchant,  lose  a 
very  large  share  of  employment. 

It  isgoodtliatit  should  be  so,  that  there  shouldbe  a  tiebywhich  all 
are  bound  to  woik,  for  otherwise  there  would  be  no  getting  any 
change,  for  many  would  give  no  help  to  bring  it  about^  Nothing 
is  easier  than  to  show  that  the  machinist,  who  deals  with  hard 
and  stiff  forms,  and  who  thinks  taste  is  as  much  beyond  as 
beneath  his  care, — nothing  is  easier  than  to  show  that  even 
he,  working  largely  for  the  manufacturers  of  this  country,  has  a 
share  in  the  welfare  of  art.  If  more  silks  and  cottons,  fancy  and 
stained  papers,  carpets,  shawls,  furniture,  and  glass  can  be'  sent 
abroad,  more  machinery  must  be  wrought  for  "their  production. 
Mr.  Fairbairn  and  his  brethren  at  Manchester,  the  machinists  at 
Glasgow,  at  Belfast,  and  in  every  manufacturing  town,  must  and 
ought  to  know  that  they  have  a  fellow-feeling  in  the  right  growth 
of  the  arts  of  design.  If  a  School  of  Design  be  good  for  anything, 
it  ought  to  be  good  for  making  the  trade  of  the  town  in  w'hich  it 
is  greater :  it  ought  not  only  to  better  the  goods  now  made,  but  it 
ought  to  enable  the  town  to  send  out  goods  such  as  we  now  take 
from  the  foreigner,  or  such  as  we  cannot  now  send  abroad. 
Therefore,  we  say  this  has  as  much  to  do  with  the  machinist  as 
with  any  one ;  but  we  say  that  art  has  to  do  with  all. 

Pleased  as  we  were  with  tlie  Exhibition  now  open,  we  cannot 
but  see  that  what  has  been  done  as  yet  has  not  carried  art  down 
among  the  people.  The  works  in  the  Adelphi  are  either  for  the 
higher  or  middling  classes,  those  who  are  already  cared  for — and  not 
for  the  people.  W^e  have  always  held,  from  tlie  first  time  that  we 
undertook  to  write  about  it,  that  art  must  not  only  bring  fortli 
good  works,  but  cheap  works ;  that  it  must  show  itself  in  the 
dwelling  of  the  working-man,  as  well  as  in  the  drawing-room  of 
the  rich.  The  eai-thenware,  the  glass,  the  paper-hangings,  the  fur- 
niture in  the  smallest  cot  may  be  as  well  made  as  those  in  the 
abode  of  a  king, — while  taste  shown  in  them  will  do  much  more 
good.  If  knowledge  be  power,  it  is  so  in  the  arts  as  much  as  in 
anything  else  ;  and  we  cannot  have  a  people  powerful  in  the  ai-t, 
unless  they  be  well  taught.  The  Society  of  Arts  have  the  chance 
of  leading  in  this  path — indeed  they  have  given  a  few  prizes  ;  but 
we  call  out  again,  that  more  ought  to  be  done.  Many  working 
men  and  women  and  their  children  will,  no  doubt,  see  this  Exhibi- 
tion, but  they  wiU  go  away  with  the  thought  that  such  things  are 
not  for  them,  and  that  the  rich  only  are  happy  in  being  alile  to 
glad  their  eyes  with  such  sights.  Thus,  the  great  teaching  of  the 
Exhibition  will  be  thrown  away;  for  we  hold  that  working-men 
will  have  a  greater  feeling  for  the  arts  of  design,  as  gi\ing  a 
charm  to  their  own  dwelling,  than  as  a  mere  means  of  livelihood 
at  the  will  of  the  rich. 

Felix  Summerly  has  taken  upon  himself  a  task  which  is  truly 
worthy  in  tliese  days ;  but  we  want  a  Felix  Summerly  for  the 
kitchen  as  well  as  the  drawing-room  :  and  we  hope  if  he  does  not 
take  this  further  task  upon  him,  that  some  one  else  will.  Mr. 
Cole,  as  Felix  Summerly,  by  choosing  this  path  in  art,  has  made 
himself  a  good  name,  as  jMr.  Hay  has  by  choosing  house-painting ; 
and  we  wish  that  other  men  wlio  have  taste  and  skill  would  follow, 
and  take  each  some  branch  in  which  he  can  make  his  artistic 
knowledge  useful.  !Sir  Walter  Scott  spoke  most  wisely  when  lie 
led  Mr.  Hay  to  follow  house-painting  instead  of  high  ai-t ;  for 
although  Mr.  Hay's  powers  of  mind  cannot  be  doubted,  we  could 
much  better  have  spared  a  Landseer  or  a  ^V^ilkie,  than  one  who 
by  his  works  and  his  writings  has  done  good  to  a  whole  trade,  and 
has  taught  hundreds  of  workmen  that  they  may  use  their  heads 
ajid  eyes  as  well  as  their  hands. 

In  the  late  free-trade  speeches  in  the  House  of  Commons,  we- 
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wei'e  much  struck  by  what  Mr.  Wilson  said,  that  the  only  goods 
sent  out  in  18t7,  on  which  there  was  no  fallini;  off,  but  which  were 
more  in  wurth,  were  silks  sent  to  France,  a  trade  which  has  frrown 
very  nincli,  and  which  some  few  years  ai>:o  would  hardly  have  been 
believed.  If  we  try  we  can  push  the  French  home,  but  then  we  must 
set  about  it  in  the  risrht  way,  not  narrow-mindedly  as  we  have 
liitherto  done,  but  boldly  and  skilfully.  The  workman  must  be  as 
well  taught  here  as  he  is  in  France,  or  he  will  do  no  good.  \Ve 
must  not  have  him  kept  back  for  fear  he  should  turn  out  a  painter, 
and  come  in  the  way  of  some  Royal  Academician  hereafter  ;  but  we 
must  have  liim  as  well  taught  as  the  Royal  Academician.  The 
groundwork  of  art  is  one  and  the  same,  whether  for  a  paper- 
lianger  or  a  weaver,  a  Landseer  or  a  Gibson  ;  and  we  believe  that 
often,  more  taste  is  shown  in  a  glass  jug  or  in  a  common  shawl, 
than  in  the  many  landscapes  and  Art-Union  paintings  which  deck 
the  walls  of  the  Royal  Academy.  So  sorrily  has  the  School  of  Design 
been  managed  by  the  Board  of  Trade,  that  we  are  still  no  better 
off  tlian  we  were  eight  years  ago  ;  nay,  we  believe  that  tliere  was 
a  better  and  a  stronger  feeling  for  the  arts  of  design  then  than 
iu)w.  Since  Somerset  House  lost  the  spur  of  the  Society  for  Pro- 
moting Practical  Design,  in  Leicester-square,  it  has  gone  on  but 
slowly,  and  it  has  done  nothing  for  spreading  a  knowledge  of  the 
arts  of  design  among  the  people. 

The  Board  of  Education  is  as  much  behind-hand.  Though 
drawing  is  as  useful  to  the  child  of  a  working-man  as  reading 
and  writing,  and  though  Mr.  ^Vyse  has  for  years  brought  this 
before  them,  masters  and  mistresses  in  National  and  British  and 
Foreign  schools  know  next  to  nothing  of  drawing,  and  do  not 
teach  it.  The  few  who  do,  teach  drawing  only  to  a  small  number 
of  the  elder  boys,  however  willing  the  younger  ones  or  their 
fathers  are  that  they  should  learn. 

Little  or  nothing'too  has  been  done  to  teach  drawing  to  girls, 
so  as  to  fit  them  to  earn  a  livelihood  in  many  trades  where  a  know- 
ledge of  it  is  of  use.  When  we  bethink  ourselves  how  few  trades 
are  open  to  women,  we  feel  how  very  needful  it  is  that  every 
means  should  be  taken  to  enable  them  to  earn  their  own  bread ;  and 
nothing  seems  so  likely  to  forward  this,  as  by  giving  them  a 
kind  of  knowledge  which  is  so  much  wanted  in  England.  The 
tr.ule  of  flower-making,  which  is  a  new  one,  and  in  which  in  1811 
tliere  were  a  thousand  women  at  work,  has  now  grown  very  much ; 
but  still,  many  thousand  pounds'  worth  of  these  flowers,  which  are 
better  made,  are  brought  over  from  France. 

It  is  hardly  fair  to  say  anything  about  the  Exhibition  without 
speaking  of  the  Catalogue,  which  will  do  as  much  good  as  the  Ex- 
hibition itself.  It  not  only  tells  us  what  the  Society  of  Arts  did 
last  year,  and  what  is  shown  this  year,  but  it  lays  down  a  plan  for 
spreading  wider  the  good  the  Society  is  now  doing.  Tiiis  plan  is 
two-fold  :  first,  to  send  round  to  the  country  Schools  of  Design  the 
objects  shown  in  London  each  year,  and  thei-eby  to  bring  it  to  bear 
upon  the  scholars  and  workmen  throughout  the  country ;  and 
second,  to  have  a  great  show  every  three  or  four  years,  to  be  held 
in  a  building  raised  at  Charing-cross.  Altogether,  there  is  such 
earnest  shown  to  uphold  the  arts  of  design,  that  we  feel  truly 
thankful  to  the  Society  for  the  work  they  have  done,  and  we  hope 
they  will  ha\e  the  help  of  the  Board  of  Trade,  and  of  the  Board 
of  Works,  in  carrying  out  the  two  plans.  Indeed,  the  former  Board 
have  already  made  known  their  goodwill  towards  it. 

There  are  so  many  things  worthy  of  being  named,  that  we  are 
almost  kept  back  from  saying  anything,  because  we  cannot  speak  of 
all. 

The  bronze  and  iron  castings  show  that  we  have  made  way  ;  but 
we  must  not  hold  till  we  have  got  beyond  the  Prussians  and  the 
French.  The  iron  castings  from  Coalbrook  Dale,  from  Messrs. 
Stewart  and  Smith,  and  Mr.  Messenger,  are  very  good ;  and  the 
la.st  has  sent  some  good  bronzes,  as  Mr.  Hatfield  has  likewise  done. 

Messrs  Leighton,  the  book-binders,  have  sent  a  few  designs  by 
Luke  Limber  (John  Leighton),  and  some  book-covers  in  papier- 
mache,  which  are  very  ably  done,  and  show  that  their  trade  is  not 
behind-hand.  Indeed  it  is  perhaps  doing  more  than  others  to  spread 
taste  among  the  people. 

The  carvings  in  wood  by  Mr.  Jordan's  machinery  are  truly  won- 
derful. They  are  as  good  as  those  of  Grinling  Gibbons,  or  of  any 
of  his  school.  There  is  a  freedom  about  them  which  shows  the 
hand  of  a  master,  rather  than  of  a  machine. 

Mr.  Drayton,  it  will  be  seen,  has  brought  forward  his  new  way 
of  silvering  glass,  by  which  he  can  now  silver  the  inside  of  cups 
and  bowls,  plain  or  carved. 

The  cartoon  decorations  by  Mr.  W.  B.  Simpson  are  sure  to 
strike  the  looker-on,  for  there  is  a  power  in  them  beyond  what 
has  been  before  seen  in  decorations.  The  cartoon  of  "Loyalty," 
from  Mr.  Redgrave's  fresco  in  Westminster  Hall,  is  so  good,  that 


it  seems  the  handiwork  of  a  skilful  painter;  and  we  can  hardly 
believe  that  it  is  not  so,  for  it  is  so  unlike  what  we  see  in  the  gene- 
rality of  decorations. 

We  think  this  new  process  very  likely  to  spread  a  knowledge  of 
art  among  the  peo])le.  Tliere  are  many  places  where  it  can  be 
used,  and  many  joint-stock  undertakings  which  will  give  it  their 
help.  For  first-class  waiting-rooms  in  railway  stations,  for  board- 
rooms, for  the  counting-houses  of  banks,  assurance  companies,  and 
docks,  it  might  be  well  ajijilied.  These  great  undertakings  would, 
we  are  sure,  willingly  lay  out  a  little  money  in  what  would  please 
the  public,  and  do  credit  to  themselves.  A  set  of  likenesses  of 
engineers  would  fit  a  waiting-room  well.  We  would  name  VVatt, 
Trevithick,  the  two  Stephensons,  Brunei,  and  Locke.  Many 
paintings  bearing  on  trade  might  be  shown,  as  Mr.  Lee  finding  out 
the  stocking  loom  ;  Queen  Elizabeth  giving  a  charter  to  the  East 
India  Comjiany  ;  Drake  teaching  ship-building  to  Prince  Henry  in 
the  Tower;  the  Alarqnis  of  Worcester  likewise  in  the  Tower  making 
a  steam-engine  ;  King  \Villiam  giving  a  charter  to  the  Bank  ;  the 
Duke  of  Bridgewater  and  Brindley  ovei'looking  the  woi'ks  of  the 
Bridgewater  canal ;  Arkwright  and  the  spinning  jenny  ;  \Vatt  and 
Dr.  Robison  making  experiments  on  the  steam-engine;  Don  Ricardo 
Trevithick  directing  the  putting  together  of  a  steam-engine  in 
Peru;  Peel,  Huskisson,  and  George  Stephenson  witnessing  the 
starting  of  a  locomotive  on  the  Liverpool  and  ^Manchester  railway. 
Some  of  these  have  been  already  painted,  and  there  are  many  other 
subjects  shown  in  Westminster  Hall  which  might  be  chosen  by  Mr. 
Simpson,  as  an  early  English  trial  by  jury,  Alfred  manning  his 
ships.  King  John  signing  Magna  Charta. 

"The  inlaid  work  from  Messrs.  Holland  and  Sons  shows  that  in 
this  branch  the  French  and  Belgians  are  not  before  us,  and  give 
hopes  that  we  shall  in  time  drive  them  out  of  the  furniture  trade 
to  America.  The  taking  the  duty  off  foreign  woods  now  allows 
our  cabinet-makers  to  send  goods  abroad.  The  only  fault  we  find 
is  with  the  centres  of  some  of  the  tables,  which  in  Nos.  7  and  8 
are  very  ugly. 

The  copy  of  an  antique  shield  (No.  10)  is  a  favourable  specimen 
of  iron  casting. 

Nos.  11  and  12  are  a  very  good  application  of  papier-machd  to 
picture  frames,  by  Mr.  Bielefield. 

The  papier-mache  cheval  screen  by  Jennens  and  Bettridge  has 
been  got  up  with  great  labour.  It  is  called  in  the  Alhambra  style 
and  decorated  with  Arabic  inscriptions,  but  we  neither  like  the 
style  nor  the  composition.  We  think  the  labour  misapplied.  The 
colouring  of  the  frame,  gold  upon  a  warmish  white,  looks  tame 
without  being  rich. 

Most  of  the  encaustic  tiles  by  Minton  and  Co.  are  dull  in  colour, 
which  arises  from  the  attempt  to  apply  all  colours,  instead  ot 
sticking  to  those  which  do  best.  Mr.  Minton  has  been  happier  in 
glazed  tiles.  We  cannot  but  wish  that  the  old  Flemish  glazed 
chimney-tiles,  or  something  like  them,  were  brought  out  again. 
An  old  chimney-corner,  with  its  set  of  bible  tiles  or  Flemish  land- 
scapes is  a  story  book  in  itself,  and  pleasing  to  old  and  young. 
TUes  for  walls,  with  drawings  of  interesting  objects,  or  with  maps, 
would  be  welcome  in  schools  and  many  other  buildings. 

Mr.  Copeland  seems  a  worthy  follower  of  Wedgewood.  His 
works  in  earthenware  are  among  some  of  the  best  in  the  Exhibition. 
The  taste  and  care  shown  in  them  cannot  be  gainsaid,  and  they 
keep  up  our  fame  in  this  trade,  which  is  worth  so  much  to  us.  The 
English  earthenware  is  now  the  best  in  the  world,  and  much  of  it 
is  sent  abroad.  Indeed,  it  is  a  great  staple,  and  worth  the  more  to 
us  as  the  work  and  the  ware  are  all  our  own,  only  some  of  the 
colours  being  brought  from  abroad.  By  the  care  given  to  the  higher 
kinds  of  porcelain,  we  shall  in  time  be  able  to  put  down  foreigners 
in  that  branch  of  the  trade  likewise. 

There  are  so  many  good  works  of  Mr.  Copeland's  that  we  can 
name  very  few.  An  earthenware  wash-stand  (No.  37)  is  a  very 
good  design.  It  has  a  blue  ground  and  white  borders  tastefully 
drawn.  There  are  many  other  jugs  and  bowls  well  worthy  of  praise. 
The  wash-stand  No.  88  we  do  not  like  so  well ;  its  effect  would  de- 
pend wholly  on  the  hangings  which  might  be  used  in  the  room. 
The  enamelled  porcelain  cups  and  saucers,  Nos.  139  and  140,  show 
the  resources  of  the  establishment  in  decoration. 

The  chimney  slabs  show  the  jirogress  which  has  been  made  in 
the  application  of  porcelain  and  painting  for  this  purpose.  The 
lock-furniture  and  bell-lever,  likewise  in  porcelain  (No.  170),  are 
richly  ornamented  with  gold.  Porcelain  is  now  being  much  used 
by  builders,  as  is  likewise  glass  for  ornamental  purposes. 

The  large  collection  of  works  and  groups  in  statuai-y  porcelain 
shows  Mr.  Copeland's  power  in  what  may  be  considered  a  more 
purely  artistic  department.  This  material  has  been  employed  by 
the  Art-Union  for  prizes,  and  promises  to  be  very  usefiil  in  spread- 
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ing  a  knowledge  of  the  works  of  our  best  sculjitors,  for  in  effect  it 
comes  near  marble,  and  in  ebeaimess  near  plaster.  It  takes  a 
middle  place  between  marble  and  plaster,  and  being  more  lasting 
tlian  the  latter,  is  likely  to  be  very  much  used  by  the  middle  classes. 
We  fear,  however,  that  it  will  give  us  in  sculpture  a  school  of 
statuettes,  as  we  have  in  painting  a  school  of  cabinet  pictures,  and 
BO  far  draw  away  the  public  mind  from  high  art.  Still,  we  welcome 
the  statuary  porcelain  and  the  Parian  as  a  good  beginning,  and  we 
can  take  the  evils  when  they  come  with  the  less  remorse,  as  now 
sculpture  is  far  from  being  in  the  most  palmy  state.  This  kind  of 
copy  promises  likewise  a  better  reward  to  the  artist,  for  marble  is 
a  material  costly  in  itself  and  hard  to  work,  and  therefore  the 
sculptor  gets  few  orders  for  a  good  study,  and  few  are  fond  of 
casts.  Now,  a  small  gallery  of  groups  can  be  had  for  a  very  small 
sum,  and  no  one  need  be  ashamed  of  ha\ing  such  works  in  his 
drawing-room.  Among  Mr.  Copeland's  productions  we  would  no- 
tice the  Narcissus,  after  Gibson  (No.  209)  ;  Innocence,  after  J.  N. 
Foley  (No.  210);  Paul  and  Virginia,  after  Cumberworth  (No.  211); 
the  Return  from  the  Vintage  (No.  212);  Apollo,  after  Wyatt  (No. 
214);  Cupid  chained  (No.  218)  ;  and.  Ondine,  after  Pradier  (No. 
219).    The  busts  do  not  tell  so  well. 

The  Cupids  holding  a  Tazza  (No.  182)  is  a  very  good  design  for 
a  flower-stand,  in  statuary  porcelain. 

Mr.  Copeland  is  very  successful  in  the  Portland  jug  (No.  202), 
of  the  same  material. 

Another  work  of  his  we  shall  name  is  the  Armada  bottle 
217).  We  are  likewise  pleased  with  this  vase  after  Cellini 
223). 

iNIessrs.  Chamberlain,  of  Worcester,  have  sent  some  very  gorgeous 
porcelains,  gilt,  painted,  and  enamelled. 

Mr.  Magnus,  of  the  Pimlico  Slate  Works,  has  sent  slate  chimney- 
slabs,  likewise  table  tops,  which  are  worthy  of  notice  by  builders. 

Mr.  Pratt's  Anglo-Etruscan  vase,  in  the  Great  Room,  is  very 
praiseworthy. 

The  prize  candelabrum  must  be  the  work  of  an  architectural 
student,  and  have  been  chosen  for  the  prize  by  an  architect.  It  is 
what  some  architects  call  classical,  and  what  other  people  call 
tame,  stiff,  and  bald.  AVe  think  the  prize  is  thrown  away,  and  we 
should  have  been  much  more  pleased  with  a  copy  of  one  of  the 
candelabra  in  the  British  Museum. 

The  prize  lamps  are  not  much  better.  They  may  catch  some 
eyes,  being  in  silver,  but  are  poor  and  common-])lace.  We  wish 
there  had  been  more  designs  for  silver-plate.  One  very  good  is 
No.  348,  an  adaptation  of  the  trumpet  lily  for  a  dessert-stand. 

The  papier-mache  productions  to  our  mind  show  much  more 
splendour  than  taste.  They  are  too  much  in  the  gewgaw  and 
Vauxhall  way. 

The  "  Repose"  ann-chair  (No.  242),  is  very  unluckily  named,  for 
there  is  no  repose  in  its  composition,  and  there  can  be  none  within 
its  arms.  Mr.  J.  C.  Horsley  is  the  designer,  hut  his  skill  is  quite 
thrown  away,  for  the  reliefs  have  no  effect.  The  terminal  figures, 
in  whatever  material  they  may  be  finished,  will  be  indistinct. 

Mr.  Nicholson  has  shown  a  very  elaborate  shell  cameo  (No.  258), 
but  the  subject  is  too  complicated,  and  therefore  indistinct.  Miss 
M.  A.  Nichols  has  sent  five  imitation  cameos.  Cameo  cutting  is 
worthy  of  care,  for  in  Paris  it  gives  work  to  many  hundred  men. 

The  glass  works  (Class  XII.)  are  so  very  good  that  we  hope  they 
are  an  earnest  of  our  making  a  great  trade  in  glass,  and  becoming 
free  from  the  Bohemians  and  Germans. 

The  Decorative  Art  Society  is  doing  so  much  good,  that  we  look 
forward  to  see  some  other  society  raised  which  shall  take  in  a  lower 
class  of  workmen.  There  is  room  for  a  great  deal  to  be  done,  and 
we  feel  very  strong  hope  from  what  we  call  the  small  exhibition  of 
the  Society  of  Arts — small  because  we  are  sure  we  shiill  soon  see 
much  larger  exhibitions  held  under  its  care. 


INDIAN  RAILWAYS. 

Indian  Railways  and  their  Probable  Results,  with  Maps  and  an 
Appendix,  containing  Statistics  of  Internal  and  External  Commerce  of 
India.  Bv  an  Old  Indian  Postmaster.  Third  Edition.  London : 
Newby,  1848. 

We  are  now  in  1848,  and  Indian  railways  remain  where  they 
were,  though  the  East  India  Railway  Company  has  got  a  guarantee 
and  leave  to  begin.  This  is  a  hard  lesson,  but  one  which  is  of  no 
good  so  far  as  the  present  is  concerned,  and  will,  we  fear,  be  found 
little  better  in  the  future.  Governments  are  not  ready  scholars, 
even  in  the  matter  of  revolutions.     We  have  always  upheld  the 


freedom  of  joint-stock  undertakings,  as  the  best  safeguard  against 
speculation  and  the  want  of  it.  The  East  India  government  were 
fearful  in  1845  of  the  gambling  madness  of  the  times.  Scheme 
after  scheme  was  brouglit  l)efore  them,  money  was  held  out  freely, 
but  they  drew  back  frightened,  and  set  themselves  down  in  what 
they  held  to  lie  a  quiet  and  orderly  way,  to  lay  down  rules  on  which 
railways  should  be  carried  on  and  shareholders  sliould  pay  their 
money.  Following  in  the  path  of  the  Board  of  Trade  here,  they 
sent  out  to  India  a  railway  board,  with  Mr.  Simms  at  its  head.  He 
did  his  work  as  well  and  carefully  as  he  could,  and  sent  home  some 
long  blue-books,  from  which,  however,  we  are  sorry  to  say,  ive 
have  learned  no  more  than  we  knew  before,  so  that  they  have  in 
no  way  put  railways  forward  one  inch.  Everything  has  to  be  tried 
still ;  JVIr.  Simms  has  given  us  no  answer  as  to  embankments  in  the 
valley  of  the  Ganges,  long  bridges  over  the  streams,  how  wood  will 
serve  for  sleepers,  how  works  are  to  be  carried  on,  nor  one  single 
point  in  engineering  has  he  settled, — and  from  no  fault  of  his,  be- 
cause experience  is  the  only  guide  and  judge.  Therefore,  three 
years  have  been  lost  on  this  head,  and  instead  of  beginning  with 
three  or  four  years'  experience,  we  are  as  far  behind-hand  as  we 
were  before.  It  is  during  the  first  three  or  four  years  that  the 
greatest  changes  are  made,  because  it  is  the  time  of  experiments  ; 
every  day  shows  something,  and  instead  of  trying  to  settle  the 
engineering  of  India  before-hand,  a  wise  man  would  wait  for  prac- 
tice to  guide  him  in  fixing  any  lasting  system. 

India  has  needlessly  lost  so  many  years  of  railway  transit ;  by 
this  time  the  trafiic  of  the  Ganges  would  have  had  some  small  help 
from  railway  works.  Perhaps  a  couple  of  hundred  miles  of  railway 
would  have  been  open ;  and  if  only  so  much,  or  even  less,  still 
the  results  would  have  been  great,  because  each  hundred  miles  of 
railway  is  the  saving  of  a  day  in  the  communication  with  the  up- 
land. The  opening  of  a  railway  would  have  been  felt  by  the  steam- 
boats, and  more  of  them  would  ha^■e  been  put  on  the  river,  while 
branch  roads  would  have  been  laid  down  to  reach  the  railway. 
The  making  of  a  railway  is,  as  is  well  known,  only  a  small  part  of 
the  good  which  is  to  arise.  The  railway  will  be  the  trunk  towards 
which  steamboats  will  run,  and  roads  be  made.  The  ti'affic  will  be 
always  growing,  so  that  at  each  step  food  for  new  railways  w  ill 
be  found.  The  steamboats  have  shown  this,  though  not  so  much. 
At  first  six  small  steamboats  were  run,  sometime  after  six  more, 
and  latterly  six  large  steamboats  have  been  put  on,  and  there  is  a 
call  for  more.  All  are  paying  well,  though  there  is  more  than  four 
times  the  power  that  was  in  the  first  instance  held  needful.  We 
have  heard  of  railway  carriages  carrying  their  own  railways  with 
them,  but  it  may  be  said  of  Indian  railways  that  they  will  carry 
their  own  traffic  with  them. 

When  we  come  to  the  money  part  of  the  question,  and  say  that 
three  years  have  been  lost,  we  do  not  give  a  right  idea  of  the  evil 
which  has  been  done.  Time  in  the  share-market  cannot  be  trifled 
with,  and  canuot  be  got  back  again.  The  fatal  event  of  Louis 
Philippe's  death  or  fall  has  been  long  hanging  over  us ;  it  was 
known  that  it  must  happen,  and  th.at  when  it  did  the  share-market 
would  be  utterly  upset.  Never  was  it  so  needful  to  make  hay 
while  the  sun  shone ;  the  storm  was  hanging  about,  it  was  looming 
in  sight,  and  there  was  no  time  to  be  lost.  In  the  years  1845  and 
1846,  any  money  could  have  been  raised ;  in  the  years  1847  and 
1848,  no  money  can  be  raised, — and  who  dares  look  forward  with 
hope .'' 

If  the  share-market  were  as  law-makers  wish  it,  and  as  they 
have  tried  to  make  it,  it  would  be  very  well ;  but  unhappily  it  is 
not  so.  It  does  not  work  so  smoothly  as  they  think  it  may ;  it 
has  its  ebbs  and  its  floods;  sometimes  setting  in  with  a  full  tide, 
whirling  and  eddying  round,  the  waters  rising  to  the  top  of  the 
flood,  then  the  stream  pouring  out  with  a  quick  rush  and  leaving 
all  bare.  People  were  wonder-stricken  that  there  should  be  gamb- 
ling in  1846,  as  if  there  never  were  before  ;  and  though  they  were 
quite  ready  to  say  that  a  heavy  fall  would  follow,  they  did  none 
the  more  wisely.  Time  has  shown  that  while  share-gambling  is 
going  on,  railway-making  is  going  on  ;  and  when  share-gambling  is 
at  an  end,  money  cannot  be  raised  even  for  the  most  useful  under- 
takings. There  is  a  cloud  hangs  over  all,  the  good  and  the  bad ; 
and  though  those  who  have  helped  to  make  the  storm  worse  may 
wish  it  otherwise,  the  good  feel  it  as  much  as  the  bad. 

While  the  share-market  flourished,  and  the  East  India  govern- 
ment were  besought  to  give  their  leave  for  the  railways  to  be  begun, 
they  stopped  short,  as  if  they  had  time  in  their  own  hands,  and 
could  wait  as  long  as  they  pleased.  They  have  so  often  set  up 
kings  in  the  east  and  put  them  down — they  so  often  send  out  their 
word,  and  a  mighty  kingdom  springs  up  or  is  cast  down,  that  they 
thought  they  had  only  to  speak,  and  railways  would  be  made  when- 
ever they  liked.     Had  they  then,  as  they   were   told,  given  the 
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lines  without  guarantees,  the  money  would  have  heen  raised  ; 
«-herens  now,' even  with  a  punrnntee,  the  undertakiufrs  linjier,  and, 
as  »e  liave  said,  liow  lon^-  they  may  liuircr  no  one  knows.  The 
.sliare-market  wlien  once  shaken  does  not  recover  at  a  fixed  date  ; 
it  is  not  witliiri  the  power  of  any  one  to  know  wlien  it  will  recover, 
while  the  shock  is  now  very  p-eat.  The  lianks  throughout  Europe 
are  Ijreakinjr,  the  hoarding  of  gold  and  of  silver  has  hegun,  money 
will  go  out  of  sight,  war  may  spring  up,  the  goverunieut  may  give 
as  formerly  six-  or  seven  per  cent,  for  loans,  and  tlien  the  common 
returns  of'joint-stock  undertakings  do  not  hold  out  hope  enough 
to  the  shareholder  or  lender. 

By  the  hlundering  of  the  government  has  the  welfare  of  India 
hceii  threatened,  and  it  is  only  hy  acting  otlierwise  than  they  have 
done,  tliat  they  can  stop  the  evil  from  spreading  further.  India 
Jias  felt  a  great  loss  in  the  want  of  railways,  hut  if  she  is  to  he  kept 
without  them  for  years,  the  mischief  whicli  will  he  done  will  be 
great.  India  has  to  struggle  in  trade  witli  America  and  the  West 
Indies,  where  railways  and  steamboats  are  widely  spread  ;  and  un- 
less India  have  the  same  help,  she  cannot  keep  up  in  trade  against 
them.  India  can  raise  cheaply — none  can  l)eat  her;  hut  so  much 
time  and  so  much  money  is  spent  in  carrying  goods  to  market,  that 
they  come  dear  and  bad,  instead  of  cheap  and  good. 

It  will  do  little  for  India  that  English  gold  is  now  not  likely  to 
he  sent  abroad  to  France,  Flanders,  Italy,  and  Sjjain  for  railways ; 
shareholders  are  sick  of  them,  and  will  he  afraid  to  have  any  thing 
more  to  do  with  them.  This  is  however  no  help,  we  fear,  for  India, 
for  the  call  for  money  at  home  cannot  be  met,  as  so  much  has  been 
lost. 

Among  the  undertakings  which  were  brought  into  the  market  in 
ISIj,  none  hardly  were  "more  useful  than  that  of  the  East  India 
Railway  C'om])any,  for  making  a  railway  from  Calcutta  for  SOO 
miles  up  the  valley  of  the  Ganges.  Mr.  JMacdonald  Stephenson, 
its  managiuiT  director,  gathered  together  all  that  could  be  learned 
in  India,  and  in  his  works  gave  the  heads  of  what  Mr.  Simms  has 
written  since.  There  was  quite  enough  to  show  the  likelihood  of 
the  undertaking,  and  when  it  was  brought  forward  it  was  hailed 
by  the  leaders  of  the  money  market  as  a  railway  well  worthy  of 
their  help.  The  heads  of  the  East  India  Railway  Company  were 
iii>me  of  the  richest  merchants  here,  and  there  was  such  trust  given 
to  it  that  its  shares  rose  very  quickly  in  price. 

Thanks  to  the  Board  of  Trade,  the  Company  was  withheld  from 
taking  nu)re  than  five  shillings  a  share  when  they  could  have  had 
two  pounds  ;  so  that  now,  instead  of  having  some  hundreds  of  thou- 
sands of  ixmnds  in  hand,  enough  to  make  a  good  beginning,  they 
have  hard  work  to  raise  a  hundred  thousand  pounds,  which  is  to 
be  lodged  with  the  East  India  Company. 

The  East  India  Company  has  in  the  end  given  to  the  Railway 
Company  leave  to  go  on,  and  offered  a  guarantee  of  interest,  which 
in  184-5  or  184.6  would  have  sent  up  the  shares  to  such  a  price  as  to 
have  made  them  among  the  best  in  the  market.  There  were  then 
uo  shares  in  the  market  guaranteed  by  any  of  the  English  govern- 
ments, and  such  was  the  call  for  guai-anteed  shares  that  those 
guaranteed  hy  the  gi-eat  railway  companies  were  eagerly  sought. 
Tlierefore  the  market  was  clear  for  the  Indian  railway  shares,  and 
notliing  but  the  utter  blindness  of  the  government  kept  India  back 
at  sucli  a  time.  On  what  good  grounds  it  could  have  been  done 
no  one  can  readily  see,  for  India  is  always  in  want  of  money,  and 
when  there  was  a  hope  of  getting  it  from  England  it  should  not 
have  been  let  slip. 

We  have  still  the  utmost  trust  in  the  East  India  Railway  Com- 
pany, for  we  believe  that  the  line  must  be  made,  and  we  hope 
tlierefore  that  everything  will  be  done  at  once  to  help  it  on.  We 
see  no  good  in  leaving  a  hundred  thousand  pounds  in  the  hands  of 
the  government,  that  should  be  dropped  at  once.  The  Company 
should  likewise  have  full  power  to  borrow  money  here  and  in  India, 
in  whatever  way  they  can.  If  there  be  any  need  of  it,  the  govern- 
ment of  India  must  lend  them  money  to  begin,  so  that  they  make 
a  start,  for  there  is  no  time  to  be  lost.  If  there  sliould  be  a  war  in 
Euro])e,  and  the  overland  way  to  India  be  stopped  or  hindered, 
then  it  will  be  still  more  needful  that  there  should  be  a  quick 
transit  between  Calcutta  and  the  north-west. 

On  these  grounds  we  say  to  the  East  India  Railway  Company 
"  Hold  on  ;"  for  if  the  government  do  their  sliare,  tlie  undertaking 
will  beciune  one  of  the  first  in  the  world.  Much  of  the  railway  can 
be  readily  made,  and  as  cheaply  as  tliose  of  America,  while  it  has 
only  to  be  o])ened  to  have  a  good  income  at  once.  We  have  always 
believed,  and  we  do  still,  that  wlien  a  start  is  made,  a  great  deal 
of  money  will  be  got  from  India  :  India  hnds  money  for  banks, 
assurance  companies,  steamboats,  coal  mines,  indigo  works,  sugar 
mills,  and  tea  plantations,  and  we  do  not  see  why  slie  should  not 
/'or  railways.     The  Indian  mind  is  awakened.     What  has  been  seen 


of  late  years  has  laid  the  way  for  railways.  The  steamboat  has 
sliown  tlie  Hindoos  that  speed  can  he  got,  that  goods  can  be  brought 
up  quickly,  and  they  are  ready  to  believe  that  railways  vi  ill  do  for 
tliem  wliat  it  has  been  held  out  they  can  do.  India  waits  only  for 
a  beginning,  and  then  railways  will  spread  as  many  arms  over  the 
land  as  they  have  in  England  or  America. 

In  Southern  India  the  companies  are  still  less  ready  to  begin 
work,  so  much  have  they  been  weakened  by  the  loitering  of  the 
stand-still  government,  but  as  railways  are  fully  as  needful  there 
as  in  Bengal,  we  luqie  very  little  time  will  run  before  steps  are 
taken  to  bring  them  forward.  The  growth  of  cotton  in  Bombay 
and  Madras  is  kept  back  by  the  want  of  railways,  and  a  little  help 
only  will  enable  the  merchants  and  people  of  those  two  presidencies 
to  make  their  own  railways.  They  lia\e  come  forward  most  warmly 
and  although  their  bite  losses  have  lessened  their  means,  they  will 
he  found  ready  to  follow  up  the  lead  of  the  government. 

Railways  in  India  must  be  made,  and  they  must  be  carried  out 
as  joint-stock  undertakings ;  for  whatever  may  be  the  want  of  power 
of  these  latter  now,  the  government  in  India  are  no  stronger,  and 
always  find  it  hard  to  raise  money.  Let  us  hope,  as  so  much  blame 
belongs  to  them  for  the  hindrances  they  have  liitherto  thrown  in 
the  way  of  railways,  that  they  will  see  good  to  make  a  change,  and 
do  all  they  can  to  make  up  for  lost  time.  If  they  do  not  do  it  of 
themselves,  the  parliament  of  England  must  do  it  for  them  ;  for  if 
the  cotton-growers  of  India  cannot  be  heard  there,  they  will  be 
heard  here,  and  the  cotton-weavers  of  JIanchester  have  already 
spoken  out.  We  cannot  be  left  in  the  power  of  America  for  the 
cotton,  on  which  our  great  staple  manufacture  depends,  and  whereby 
so  manv  Englishmen  earn  their  scanty  livelihood. 

The  third  edition  of  the  book  before  us  is  on  the  same  plan  as 
those  that  went  before  it.  It  is  enlarged  by  some  new  extracts, 
which  are  put  together  without  any  great  regard  to  order,  and  the 
staple  is  still  from  the  works  of  Mr.  Macdonald  Stephenson.  The 
right  title  would  be  "  Indian  Railways  from  the  works  of  Mr.  ]\Iac- 
donald  Stephenson,  with  other  matter  by  an  Old  Indian  Post- 
master." Except  Mr.  Stephenson's  materials,  the  best  tiling  in 
the  book  is  a  map  of  tlie  lines  of  railway  in  Northern  India. 


THE  WICKSTEED  ENGINE. 

Mr.  AVicksteed  was  the  first  to  introduce  the  Cornish  engine 
into  the  metropolis,  and  he  deserves  great  credit  for  his  exertions. 
The  first  engine  was  put  up  about  four  years  ago,  when  a  descrip- 
tion of  it  was  published  in  this  Journal.  The  second,  which  is 
larger,  is  named  the  AV^icksteed  engine,  and  is  erected  at  the  East 
London  Water  AV^orks.  It  was  started  to  supply  water  to  that 
company's  district  in  June  1847,  and  is  the  largest  engine  hitherto 
erected  in  London;  it  was  designed  by  Mr.  AVicksteed,  who  is 
engineer  to  the  company,  and  was  erected  under  his  superintend- 
ence. It  was  manufactured  by  Messrs.  Sandys,  Carne,  and  Vivian, 
of  the  Copperhouse  Foundry,  Hayle,  Cornwall.  Tlie  diameter  of 
the  cylinder  is  90  inches,  the  diameter  of  the  puni))  44  inches, 
length  of  stroke  11  feet,  and  it  pumps  20  imperial  barrels  at  each 
stroke.  When  working  at  the  rate  of  eight  strokes  per  minute,  it 
raises  5,792  gallons  per  minute,  or  8,340,480  gallons  per  diem,  or 
84,563,200  imperial  barrels  per  annum.  The  power  when  working 
at  this  speed  is  200  horse-power.  The  main  beam  is  39  feet  long, 
and  weighs  33  tons — it  vibrates  on  a  cast-iron  main  gudgeon  16 
inches  diameter,  and  the  whole  is  supported  by  four  columns  and 
an  entablature  of  cast-iron,  designed  in  the  Grecian-Doric  style. 
The  plunger  with  its  apjiendages  weighs  43  tons,  «hich  mass  of 
matter  is  raised  11  feet  high  at  each  stroke  of  the  engine.  The 
pump-work  is  supported  by  two  iron  girders  weighing  each  10  tons, 
and  is  strongly  bolted  down  to  a  mass  of  masonry  in  the  founda- 
tions. The  boilers,  four  in  number,  are  cylindrical,  34  feet  long, 
6  ft.  6  in.  diameter,  with  an  internal  fire-tube  four  feet  in 
diameter.     The  diameter  of  the  steam-pipe  is  16  inches. 

The  total  weiglit  of  the  engines,  pump-work,  and  boilers  is  414 
tons,  and  the  whole  cost  was  i2 10,000,  or  ii50per  horse-power,  or 
about  £24  per  ton. 

The  quantity  of  coal  consumed  by  this  engine,  if  working  at  full 
power  night  and  day,  would  be  2,000  tons  per  annum,  and  the 
quantity  of  coals  that  would  be  consumed  by  the  best  of  the  ordi- 
nary mm-expansive  engines  in  doing  the  same  work  would  be  4,500 
tons;  showing  a  saving  in  favour  of  the  Cornish  engine  of  2,500  tons, 
which  at  13*-.  per  ton  is  c£  1,625  per  annum,  or  16j  per  cent,  upon 
the  cost  pf  the  engine  for  coals  only. 
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COAL  DROPS,  AND  MIDDLESBOROUGH  DOCK. 

C  With  Engravings,  Plate  VI. J 

Account  of  the  Drops  used  for  the  shipment  of  Coals  at  Middleshro'- 
on-Tees,  with  a  description  of  the  Middlesbro'  Dock.  By  George 
Tup.NBULL,  M.  Inst.  C.  E. — (From  a  paper  read  at  the  Institution 
of  Civil  Engineers.) 

Tlie  (lock  was  commenced  in  the  spring  of  1810,  and  was  opened 
for  trade  on  the  12th  May,  1812.  The  general  form  of  the  dock 
and  its  position  with  respect  to  the  river  Tets  will  best  be  under- 
stood by  reference  to  the  annexed  engraving.  It  possesses  an  area 
of  9  acres  at  the  water  surface  ;  the  appr  lach  is  by  an  entrance 
channel,  rather  more  than  a  quarter  of  a  mile  in  length,  cut 
through  the  sand  banks  of  the  river,  and  kept  open  by  means  of 
occasional  sluicing  from  the  lock-gates,  and  also  through  culverts 
built  in  the  lock  walls  for  that  purpose.  Some  apprehensions  were 
entertained  of  the  practicability  of  keeping  open  the  entrance 
channel  by  these  means,  as  there  is  much  shifting  sand  in  the  bed 
of  the  river  Tees,  and  every  interference  with  the  current  of  the 
river  produces  marked  alterations  in  the  form  and  position  of  the 
shoals  or  sand  banks.  After  due  deliberation,  the  scheme  was  at 
length  carried  into  execution,  under  the  sanction  of  the  Tees 
Navigation  Company,  and  the  result  has  been  marked  with  the 
complete  success  which  was  anticipated  by  the  projectors ;  the 
channel  was  dredged  out  to  its  full  depth,  the  slopes  and  banks 
were  covered  with  a  paving  of  rough  chalk  and  stone,  and  after  a 
trial  of  nearly  three  years  the  channel  is  now  in  a  better  state 
than  when  it  was  first  made,  and  is  kept  up  at  a  very  trifling  cost. 

The  entrance  lock  is  built  principally  on  a  foundation  of  hard 
sand,  and  on  account  of  the  quantity  of  water  found  in  it,  an  un- 
usually large  proportion  of  piling  and  wooden  platforms  were  re- 
quired in  the  foundations.  The  lock  is  built  of  stone,  chiefly  from 
the  Byker  quarries,  on  the  river  Tyne ;  it  is  132  feet  long  and  30 
feet  wide ;  the  depth  of  water  is  15  feet  at  neap  tides  and  19  feet 
at  spring  tides :  the  bottom  of  the  dock  was  excavated  to  the 
depth  of  3  feet  under  the  level  of  the  lock  cills. 

In  connection  with  the  dock,  a  branch  line  was  laid  down,  di- 
verging from  the  Stockton  and  Darlington  Railway  and  terminat- 
ing in  ten  double  lines,  leading  to  the  ten  drops  (1  to  10)  situated 
on  the  west  side  of  the  dock.  The  raised  platform  of  a  triangular 
shape,  covered  by  these  diverging  lines  of  railway,  comprises  an 
area  of  15  acres,  and  affords  spare  room  for  1,200  loaded  wagons, 
or  more  than  3,000  tons  of  coal,  besides  means  of  egress  for  the 
locomotives  with  their  trains  of  empty  wagons.  This  great 
amount  of  standing  room  forms  a  principal  feature  in  the  arrange- 
ment of  these  works,  as  in  the  district,  of  which  this  is  the  shipping 
port,  there  ai-e  numerous  descriptions  of  coal,  several  of  which 
come  down  the  railway  in  the  same  train  ;  a  separation  is  made  on 
the  platform,  and  each  colliery  having  its  own  drop  assigned  to  it, 
the  wagons,  with  the  proper  description  of  coal,  accumulate  in  one 
branch,  and  descending  along  the  railway,  which  is  so  inclined  as 
to  permit  the  wagons  to  move  by  their  own  gravity,  the  shipment 
is  carried  on  with  much  facility.  An  inclination  in  the  contrary  di- 
rection is  given  to  the  empty  line,  sufficient  to  allow  the  unloaded 
wagons  to  move  of  themselves,  by  which  means  some  saving  of 
horse  labour  is  efl^ected. 

The  cost  of  all  the  works  connected  with  the  dock,  including 
the  branch  railway,  raised  platform,  permanent  rails,  dock  work, 
entrance  lock  and  channel,  and  breastworks  along  the  shore  of  tlie 
river  Tees,  with  the  ten  coal  drops,  amounted  to  the  sum  of 
£122,000. 

These  works  were  designed  by  Mr.  W.  Cubitt,  V.  P.,  and  the 
author  was  the  acting  or  resident  engineer. 

The  coal  drops  are  peculiar  in  their  construction  and  are  pro- 
bably not  much  known  beyond  the  district  in  which  they  are  used; 
they  are  distinguished  from  the  drops  in  common  use  on  the  Tyne, 
by  the  coal  wagons  being  lowered  perpendicularly  to  the  ships' 
decks,  whereas  in  the  latter  the  wagons  are  lowered  by  means  of  a 
cradle  and  vibrating  frame,  which  describes  the  arc  of  a  circle  in 
its  descent.  In  places  where  the  wagons  have  to  be  lowered  from 
a  height  of  30  feet  and  upwards  to  the  ships'  decks,  which  is  a 
common  circumstance  in  the  Tyne  and  the  Wear,  the  vibrating 
frame  (originally  invented  by  the  late  William  Chapman  of  New- 
castle) are  found  well  adapted  for  the  purpose ;  but  where  the 
height  is  limited,  or  where  the  railway  is  so  low  that  the  wagons 
are  just  clear  of  the  taft'rail  of  the  light  ships,  the  perpendicular 
drop  becomes  more  convenient.  This  ingenious  contrivance  was 
first  suggested  to  the  Clarence  Railway  Company  by  Mr.  George 
Leather,  of  Leeds  (M.  Inst.  C.  E.),  and  was  carried  into  efl'ect  at 
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Port  Clarence  on  the  river  Tees,  where  several  of  them  have  been 
in  use  for  some  years,  and  are  verj'  effertive. 

The  ten  drops  erected  on  tlie  west  side  of  the  iVIiddleshro'  Dock 
are  almost  similar,  in  every  respect,  to  tliose  at  I'ort  Clarence. 
The  priticiple  of  their  construction  and  mode  of  operation  will  be 
readily  understood  by  a  reference  to  the  enpravinps,  Plate  yH- 
Fijr.  i  sliows  a  front  elevation,  and  fig.  2  a  side  elevation  of  the 
drop  and  its  machinery  ;  fig.  3  sluiws  the  machinery,  «ith  the 
cradle  and  wagon,  drawn  to  a  larger  scale  ;  the  same  letters  refer 
to  the  same  parts  in  the  different  drawings. 

The  wagon  A,  weighing  about  30  cwt.,  and  containing  one  chal- 
dron or  53  cwt.  of  coal,  is  shown  standing  on  the  moveable  stage 
or  cradle  B,  which  is  suspended  by  means  of  chains  passing  over 
the  sheaves  C,  C  ;  the  ends  of  the  chains  are  attached  to  the  large 
sheaves  F,  F,  the  latter  being  cast  with  grooves  of  unequal  depth, 
to  acc<mnnodate  the  two  chains,  which  it  will  be  seen  are  of  un- 
equal length,  aiul  reciuire  a  corresponding  inequality  in  the  sheaves, 
to  preserve  tlie  cradle  in  a  horizontal  position.  These  sheaves  are 
fixed  on  a  strong  iron  axle  H,  on  the  extremities  of  which  are  two 
other  sheaves  or  puUeys  K,  K,  to  take  the  chains  which  sustain 
the  counterbalance  weights  M,  M.  The  break  machinery  for 
lowering  the  wagons  consists  of  the  toothed  wheel  P,  7  feet 
diameter,  fixed  on  the  same  axle  II  ;  the  pinion-wheel  Q,  2  feet 
diameter ;  and  the  break-wheel  R,  6  feet  diameter,  having  a  break 
over  its  whole  circumference,  worked  by  a  strong  lever-handle, 
which  controls  the  descent  of  the  loaded  wagon,  and  its  ascent 
when  emjity. 

When  tlie  machinery  is  at  work,  the  loaded  wagon  is  run  on  to 
the  cradle,  or  stage,  B,  and  is  stopped  by  wooden  chocks  in  its 
jroper  position,  directly  over  the  liatchway  of  the  vessel  to  be 
oaded  (T,  T,  fig.  1.)  Tliebreaksman  then  releases  the  break- wheel, 
when  the  cradle  and  wagon  descend  perjiendicularly,  the  susjiend- 
ing  chains  winding  off  the  slieaves  F,  F,  the  counterbalance 
weights  rise,  and  tlieir  suspending  chains  wind  on  to  the  sheaves 
or  pulleys  K,  K.  The  cradle,  with  the  wagon  upon  it,  still  main- 
taining its  horizontal  position,  having  nearly  reached  the  ship  s 
deck,  tlie  contents  are  discharged  by  a  man  who  descends  with  it 
for  that  purpose  ;  the  counterbalance  weights  then  have  the  pre- 
ponderance and  the  operation  is  reversed,  by  the  weights  descend- 
ing and  the  empty  wagon  and  cradle  rising  to  their  original  posi- 
tion. The  wliole  is  so  guided  and  controlled  by  the  breaksman, 
and  the  counterpoise  weight  so  adjusted,  tliat  the  wagon  can  be 
made  to  descend  and  ascend  quickly  or  slowly,  or  be  stopped  with 
ease  in  any  position,  either  ascending  or  descending. 

The  drops  at  Middlesbro'  Dock  are  constructed  of  strong  wooden 
framework  fixed  on  Memel  fir  piles,  and  the  cost  of  the  ten  drops 
was  £7,300,  or  £730  each,  including  all  the  timber,  iron-work,  ma- 
chinery, and  the  labour  in  fixing. 

Eacli  of  these  drops  can  ship  a  wagon  load  of  53  cwt.  in  a 
minute,  or  about  150  tons  in  an  hour;  but  as  the  coals  cannot  be 
trimmed  off  so  quickly  in  the  ship's  hold,  about  thirty  wagons  an 
hour  may  be  taken  as  the  ordinary  rate  of  working.  Forty 
wagons,  containing  a  chaldron  each,  which  are  =  5  keels  or  106 
tons  an  hour,  may  be  considered  the  limit  of  working. 

In  the  year  ending  1st  July,  1845,  505, 186  tons  were  shipped  by 
means  of  the  ten  drops  here  described.  The  shipment  in  the  six 
months  ending  31st  December,  1845,  amounted  to  264,180  tons. 
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ON  THE  RESISTANCE  TO  BODIES  IN  FLUIDS. 

On  tlie  relation  between  the  Velocity  and  the  Reni.itanre  en- 
ixuntered  hyhiidies  moving  in  Fluids.  By  John  Mortimku  Heppel, 
Grad.  Inst.  C.E. — (Read  at  the  Institution  of  Civil  Engineers.) 

The  determination  of  the  relation  between  the  velocity  and  the 
resistance  encountered  by  bodies  moving  in  fluids,  has  always  been 
an  interesting  topic  of  iniiuiry,  as  well  to  the  speculative  philoso- 
pher as  to  tlie  practical  mechanist,  and  perhaps  im  no  portion  of 
physical  science  have  more  pains  been  spent ;  wliether  looking  to 
the  sagacity  with  whicli  experiments  have  been  devised,  the  libe- 
rality witli  which  tliey  have  been  carried  out,  or  the  mathematical 
acumen  wltli  which  tlieir  i-esults  have  been  classified  and  brought 
under  gener.il  laws.  To  enumerate  the  names  only  of  the  men, 
illustrious  )py  tlieir  science,  who  have  brouglit  tlieir  energies  to 
bear  on  tliis  suliject,  would  fill  a  larger  space  than  those  few  re- 
marks are  intended  to  occupy.  It  is  sufficient  to  mention  Newton, 
who  in  this,  as  in  so  many  other  departments  of  philosophy,  first 
shed  the  light  of  his  brilliant  genius  on  the  former  obscurity  ; — 
after  him  the  scarcely  less  celebrated  Daniel  Bernouilli,  and  in 


latter  times  Bossut  and  De  Buat,  whose  patience  and  accurate  re- 
search opened  such  a  multitude  of  observed  facts  to  the  contemp- 
lation of  the  theorist.  Again,  the  valuable  experiments  of  the 
French  Academicians ;  the  indefatigable  labours  of  tlie  late 
Colonel  Beaufoy,  so  liberally  made  available  for  the  objects  of 
science  by  liis  son  ;  and  lastly,  though  not  among  the  least,  must 
be  mentioned  tlie  excellent  experiments  on  canal  boats  by  Palmer 
and  Macneill,  given  in  the  Transactions  of  the  Institution  (vol.  I. 
pp.  165-237).  After  such  a  retrospect  it  may  appear  presump- 
tuous in  a  young  and  unknown  individual,  attemjiting  to  add 
anything  to  a  subject  already  enriched  by  such  contributors;  as 
his  remarks,  however,  are  brought  in  an  Iiumble  and  modest  spirit, 
and  so  far  as  he  is  aware,  have  not  been  anticipated  by  any  pre- 
cisely similar,  he  begs  to  lay  them,  without  further  introduction, 
before  the  Institution. 

It  will  no  doubt  be  recollected,  that  in  the  cases  already  glanced 
at,  the  almost  invariable  method  of  experimenting  has  been  to 
attach  a  weight,  or  other  known  moti\'e  force,  to  the  body  in  ques- 
tion, and  to  determine,  by  direct  observation,  the  quantity  of  this, 
corresponding  to  an  uniform  velocity  of  progression.  From  this 
method  it  has  necessarily  followed,  in  most  instances,  that  the 
bodies  subjected  to  experiment  were  of  moderate  dimensions,  and 
the  theoretical  views  derived  from  the  observations,  have  been  ex- 
tended to  those  which  from  their  magnitude  have  been  placed 
beyond  the  range  of  direct  experiment.  In  the  experiments  of 
Palmer  and  ISIacneill,  the  same  mode  of  proceeding  was  adopted, 
by  applying  the  dynamometer  to  boats  moving  on  canals,  and  from 
the  magnitude  of  the  scale  of  these  experiments,  as  well  as  from 
the  care  and  accuracy  with  which  they  appear  to  have  been  con- 
ducted, they  must  be  very  valuable.  Gigantic,  however,  as  these 
bodies  were,  as  compared  with  those  which  had  previously  been 
brought  under  investigation,  they  become  dwarfs  in  respect  of  the 
vessels,  the  knowledge  of  whose  properties  is  every  day  becoming 
a  matter  of  deeper  practical  importance.  It  has  often  surprised 
the  author,  that  these  vessels  themselves  had  not  been  made  the 
object  of  experiments,  with  reference  to  this  question,  and  more 
especially,  if  it  can  be  shown,  as  is  here  attempted,  that  those  pro- 
pelled by  steam,  more  especially,  unite  all  the  conditions  requisite 
for  obtaining  easily  and  simply,  accurate  and  important  results. 
The  form,  however,  of  these  experiments,  must  differ  from  that  of 
former  ones,  as  the  tractive  power  requisite  to  maintain  a  high  ve- 
locity, in  such  large  bodies,  would  be  far  greater  than  could  be 
conveniently  disposed  for  such  a  purpose. 

There  is,  however,  another  no  less  certain  mode  of  inferring  the 
amount  of  resistance  encountered  by  a  body,  which  is,  to  remark 
the  diminution  of  velocity  produced  in  a  given  small  portion  of 
time,  when  the  body  is  exposed  to  the  action  of  tliis  resistance 
alone,  from  which  diminution  of  velocity,  the  force  which  produced 
it  may  be  inferred  ^vith  mathematical  precision.  Let  it  be  pre- 
sumed, in  the  first  instance,  that  the  velocity  with  whicli  the  vessel 
is  at  any  instant  moving  through  the  water,  is  capable  of  being 
measured  and  observed ;  then  having  set  the  vessel  in  motion, 
with  a  given  \elocity,  let  the  action  of  the  motive  power  be 
stopped.  The  only  forces  to  whose  action  it  will  then  be  exposed, 
are  the  resistance  of  the  water  and  the  air,  of  which  the  former 
will  be  by  far  the  more  considerable ;  but  of  both  of  which  it  will 
always,  under  ordinary  circumstances,  at  the  same  velocity,  have 
the  same  amount  to  encounter,  and  whose  amount  therefore  con- 
stitutes the  obstacle  to  be  overcome  by  the  motive  power,  and  de- 
termines the  quantity  of  that  power  always  required  to  maintain 
that  velocity.  From  the  instant  when  the  engines  are  stopped, 
the  speed  of  the  vesssel  will  obviously  diminish,  and  let  the  amount 
of  its  diminution  during  some  small  interval  of  time,  say  a  second, 
be  noted  ;  that  is  to  say,  the  difference  between  the  velocity  at  the 
commencement  and  at  the  end  of  that  interval.  Nov,'  if  the 
vessel  had  been  subjected  to  the  action  of  a  force  equal  to  its 
whole  weight,  the  amount  of  velocity  destroyed  in  a  second  would 
have  been  32  feet  per  second,  therefore,  as  32  feet  is  to  the  observed 
loss  of  velocity  in  feet  per  second,  so  is  the  whole  weight  of  the 
vessel,  as  shown  by  its  displacement,  to  the  force  by  which  this 
loss  of  velocity  has  been  produced  ;  that  is,  to  the  united  resist- 
ance of  the  water  and  the  air,  corresponding  to  the  velocity  in 
question.  It  is  Iiere  assumed,  that  the  force  of  resistance,  for  the 
small  period  of  the  observation,  maybe  regarded  as  uniform;  a 
supposition  which  is  not  precisely  true,  as  the  resistance  diminishes 
with  the  velocity  ;  the  smaller,  however,  the  interval  of  time  which 
is  taken,  the  nearer  will  this  supposition  be  to  the  truth,  and  if  tlie 
infen-ed  resistance  be  taken  to  correspond  neither  to  the  initial 
nor  the  final  velocities,  but  to  their  mean,  the  error  will  become 
infinitesimal.  A  more  important  source  of  error  would  be  found 
ia  the  circumstance  of  the  resistance  of  the  paddles,  or  the  screw. 
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where  they  are  arranged  so  as  to  be  disi-onnected,  being  included 
in  the  determined  resistance  ;  and  in  these  cases,  this  would  have 
to  be  allowed  for  and  be  deducted.  As  however  the  resistance  to 
flat  surfaces  has  been  so  fully  investigated,  this  would  occasion 
little  difficulty.  An  example  perhaps  will  serve  better  to  render 
the  foregoing  proposition  clear.  Suppose  a  vessel  to  be  going 
tlirough  the  water  with  a  velocity  of  15  feet  pei  second,  and  on 
the  stopping  of  the  engines,  the  speed  be  observed  in  one  second 
to  sink  to  14.i  feet  per  second,  the  velocity  destroyed  in  one  second 
of  time  would  be  equal  to  6  inclies  ;  this  is  ^th  part  of  the  velo- 
city which  would  have  been  destroyed,  in  the  same  time,  by  a  force 
equal  to  the  weight  of  the  vessel,  and  the  force  which  destroyed  it 
is  therefore  equal  to  j'.th  part  of  that  weight.  Now  suppose  this, 
as  ascertained  from  the  displacement,  to  be  1,000  tons,  then  the 
mean  force  of  resistance  between  the  velocities  of  1.5  feet  and  H^ 
feet  per  second  is  'gf  tons,  and  the  povser  expended  in  overcoming 
this  resistance,  at  tlie  mean  between  the  two  velocities,  or  l-tf  feet 
per  second,  is — 

1000  X  2240 

—      —=  63,30  H.r. 

61  X  550  ' 

Havingthus  described  the  mode  in  which  the  observation  should  he 
conducted,  it  may  not  be  uninteresting  briefly  to  notice  the  advan- 
tages which  might  result  from  a  weU-arranged  set  of  experiments 
on  this  plan. 

In  the  first  place,  it  would  offer  an  infallible  means  of  testing 
the  qualities  of  any  particular  vessel,  apart  from  those  of  her  ma- 
chinery ;  since  the  action  of  the  engines  being  stopped  during  the 
observation,  has  clearly  no  influence  whatever  on  the  rate  of  dimi- 
nution of  tlie  velocity.  The  observer  v.ould  thus,  in  case  of  any 
deficiency  of  speed,  be  enabled  to  fix  the  fault  with  certainty  upon 
the  vessel,  or  the  engines,  as  the  case  might  be.  Indeed,  if  all 
vessels  were  submitted  to  the  observation  here  described,  there 
seems  to  be  no  reason  why  their  resistance  should  not  be  as  pre- 
cise and  definite  a  quantity,  and  as  capable  of  accurate  expression 
for  any  particular  draught,  as  their  displacement ;  and  it  might  be 
confidently  asserted,  that  the  vessel  which  in  this  way  showed  the 
least  resistance,  ought  to  beat  all  others  cceteris  paribus,  and  if  she 
were  not  found  to  do  so,  that  the  fault  was  either  in  the  engines, 
or  in  the  propelling  apparatus,  and  certainly  not  in  the  ship. 

This  however,  though  one  advantage,  would  not  be  the  only  one, 
as  a  series  of  observations  made  upon  the  same  vessel,  at  various 
velocities,  could  hardly  fail  to  demonstrate  some  expression  or  law 
of  relation,  between  the  observed  velocities  and  the  resistances, 
which  if  f(uind  to  be  uniform  within  the  limits  of  the  experiment, 
might  fairly  be  presumed  to  extend  to  some  distance  beyond  them, 
so  that  there  would  be  a  strong  ground  for  predicting,  with  confi- 
dence, the  increase  of  speed  wliich  might  be  expected  to  result 
from  any  proposed  increase  of  power. 

Again,  if  these  observations  were  repeated  for  various  draughts 
of  water,  in  the  same  vessel,  tlie  means  would  be  furnished  of 
knowing,  a  priori,  tiie  precise  amount  of  power  which  should  be 
necessary  for  maintaining  a  given  speed,  with  any  required  load. 
Or  if  the  power  remained  constant,  what  would  be  the  speeds 
which  should  correspond  to  various  loads,  and  as  before,  if  the 
performance  of  the  vessel  should  fall  short  of  what  had  been  so 
determined,  the  fault  would  be  in  the  machinery. 

It  may  be  mentioned,  that  although  hitherto  no  opportunity  has 
been  afforded  for  testing  the  correctness  of  the  views  here  pro- 
pounded, by  a  practical  application  of  them  to  the  point  in 
question,  yet  the  author  has  on  several  occasions  adopted  a 
method,  similar  in  principle,  in  determining  the  resistance  of 
shafting  and  machinery,  by  observing  the  rate  of  diminution  of  the 
velocity,  on  shutting  off  the  steam  from  the  engine,  and  having 
had  good  reason  for  believing  the  results,  in  these  cases,  to  have 
been  tolerably  accurate,  in  spite  of  the  difficulty  of  correctly  es- 
timating the  aggregate  momentum  of  so  many  bodies  revolving  at 
various  velocities,  he  is  encouraged  to  suppose,  that  in  the  case  of 
a  floating  body,  whose  momentum  is  so  easily  and  precisely  ascer- 
tainable, the  result  would  be  more  exact  and  unquestionable. 

The  method  adopted  by  M.  de  Pambour,  for  ascertaining  the 
amount  of  resistance  to  the  motion  of  railway  trains,  by  the  cir- 
cumstances attending  their  descent  and  stoppage  upon  two  consecu- 
tive inclined  planes,  is  based  upon  precisely  the  same  principle  as 
that  here  advanced. 

It  remains  only  to  copsider,  by  what  means  the  variable  velocity 
of  the  vessel  can  be  measured,  so  as  to  ascertain  it,  at  any  instant, 
with  the  necessary  precision.  In  the  absence  of  a  better,  the  fol- 
lowing arrangement  might  perhaps  he  adopted  with  advantage  : — 

To  the  bowsprit  of  the  vessel  (Fig.  1),  sufficiently  a-head  to  be 
beyond  the   disturbed   water,   should    be  screwed   a   small  iron 


bracket,  carrying  a  pin,  which  should  pass  through  a  hole  in  a 
slender  rod,  hanging  down  below  the  surface  of  tlie  water,  and 
prolonged  a  few  inches  upwards  above  the  bracket.     Upon  this  rod. 


Fig.  I. 
a  metal  sphere  should  be  fitted,  so  as  to  be  fixed  at  any  required 
distance  from  the  point  of  suspension  ;  from  the  upper  extremitv 
of  the  rod,  a  small  cord  or  wire  should  be  brought,  passing  to  some 
convenient  spot  on  the  fore-part  of  the  deck,  where  it  should  be 
attached  to  one  arm  of  a  rectangular  lever,  whose  other  arm  or 
index  should  move  along  an  arc  of  metal. 

It  will  be  clear,  that  when  the  vessel  is  at  rest  in  the  water,  the 
rod,  with  the  sphere  attached,  will  hang  vertically,  and  the  cord 
being  properly  adjusted,  the  index  of  the  bent  lever  will  be  hori- 
zontal, at  which  position  the  zero  of  the  graduated  arc  should  be 
marked.  If  the  vessel  moves  through  the  water,  the  resistance  ou 
the  sphere  will  throw  the  rod  out  of  the  perpendiculai-,  as  indi- 
cated by  the  dotted  line,  and  the  angle  which  it  makes  with  its 
former  position,  will  be  shown  by  the  new  position  of  the  index  on 
the  metal  arc.  It  is  obvious,  therefore,  that  the  same  degree  of 
deflection  will  always  be  produced  by  the  same  resistance,  and  the 
same  resistance  by  the  same  velocity.  So  that  if  the  arc  has  once 
been  carefully  graduated,  by  moving  with  known  velocities,  which 
would  have  to  be  done  once  for  all,  it  would  always  afterwards 
furnish  a  correct  indication  of  the  velocity  with  which  the  sphere, 
and  consequently  the  vessel,  was  moving  through  the  water,  at  the 
instant  of  observation.  A  slight  consideration  of  the  nature  of 
this  apparatus  in  action,  will  make  it  ajiparent  that  the  position 
of  the  ball,  or  sphere,  on  the  rod  is  indiffei-ent,  and  that  the  same 
angular  deflection  will  always  correspond  to  the  same  resistance. 
This  would  contribute  to  render  the  arrangement  convenient  as 
being  applicable  to  vessels  of  various  heights. 

The  mode  of  using  this  apparatus  is  obvious  ;  an  observer,  with 
a  seconds  watch,  would  note  the  positions  of  the  index  on  the  arc, 
at  such  intervals  of  time  as  should  be  determined  upon,  when  the 
diminution  of  velocity  and  consequently  the  retarding  forces  would 
become  known,  as  before  described. 

Mathematical  expressions  have  in  the  course  of  this  paper  been 
expressly  abstained  from,  as  being  unnecessary  to  a  general  view 
of  the  method  proposed.  It  may  however  not  be  out  of  place  to 
remark,  that  perhaps  the  best  way  of  treating  the  observations 
when  obtained, would  be  to  endeavour  to  discover  an  expression, 
representing  accurately  the  velocity  in  terms  of  the  time,  in  which 
case,  its  differential  co-efficient  would  be  accurately  proportional 
to  the  resistance. 


Remarks  made  at  the  Meeting  after  the  reading  of  the  above  Paper. 

Mr.  Scott  Russell  said  he  could  not  venture,  without  more  care- 
ful consideration  of  the  suliject  thaa  was  permitted  by  merely  hearing 
the  paper  read,  to  draw  any  comparison  between  tlie  results  stated  by  the 
author  and  those  which  he  had  arrived  at  from  the  extensive  series  of  ex- 
periments he  had  made;  but  his  first  impression  was,  that  the  method  pro- 
posed was  not  the  most  direct,  and  that  it  was  lial)le  to  several  objectioni. 
He  doubted  whether  there  was  a  sufficient  knowledge  of  the  resistance  of 
flat  bodies  moving  through  fluids,  to  enable  the  portion  of  resistance  due  to 
the  floats  of  the  paddle-wheels,  in  a  state  of  rest,  to  be  separated,  in  the 
general  result,  from  the  resistance  due  to  the  body  of  the  vessel.  Assuming 
such  to  be  the  case,  he  must  contend,  that  unless  some  means  existed  of 
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raising  the  paddle-wheels  out  of  tlie  water,  simultaneously  with  stopping  the 
enpines,  an  accurate  result  could  not  be  arrived  at.  The  screw  propfller 
fiftered  greater  facilities,  as  he  believed  methods  had  been  devised  for  rais- 
ing it  out  of  the  water.  He  was  of  opinion  also,  that  unless  the  experiments 
were  tried  in  perfectly  smooth  water,  they  could  not  give  accurate  results, 
on  account  of  the  dipping  of  the  bow  of  the  vessel,  and  the  consequent 
oscillation  of  the  suspended  sphere  and  rod,  which  would  become  a  pendu- 
lum. These  were  practical  objections,  which  were  raised  in  his  mind,  by  the 
difficulties  he  had  experienced,  in  determining  the  raetliod  of  conducting  his 
own  experiments,  which  were  all  tried  upon  vessels  of  considerable  bulk  and 
tonnage.  The  mode  he  eventually  adopted  was,  to  try  the  vessel  both  light 
and  loaded.  First  taking  all  the  float-boards  off  the  paddle-wheels,  and  by 
means  of  a  steam-tug,  of  about  250  h.p.,  drawing  the  vessel  through  the 
water,  ascertaining  the  resistance  at  different  velocities  by  means  of  a  dyna- 
mometer; then,  by  replacing  the  float-boards,  varying  tlie  load,  and  conse- 
quently, the  immersed  section  of  the  vessel,  and  noting  carefully  all  the  re- 
sults, he  found  an  extraordinary  uniformity  in  the  amount  of  resistance  by 
similar  forms  at  equal  speeds.  At  first  he  conceived,  that  it  would  have 
been  necessary  to  reduce  all  the  oscilUtions  of  the  dynamometer,  but  he 
found  the  motion  was  so  uniform,  that  any  ordinary  instrument  would  suffice 
for  the  purpose.  He  used  an  instrument,  called  I'itot's  tube,  for  measuring 
the  velocity,  and  he  had  found  it  very  valuable  ;  he  might  say  almost  unerr- 
ing. It  consisted  of  a  vertical  glass  tube  placed  in  the  centre  of  the  vessel, 
through  the  bottom  of  which  a  hole  of  about  half  an  inch  diameter  was 
bored,  to  pass  a  metal  tube,  continuing  for  a  distance  horizontally  beside  the 
keel,  and  terminating  in  a  funnel-shaped  mouth.  When  the  vessel  was  at 
rest,  the  water  outside,  and  the  column  within  the  tube,  stood  at  the  same 
level ;  but  in  proportion  as  the  velocity  of  the  vessel  increased,  so  the  column 
of  water  in  the  tube  rose ;  and  by  graduating  the  tube  in  accordance  with 
observed  heights  for  given  speeds,  the  results  might  be  read  off  with  great 
facility  and  accuracy.  Any  undue  amount  of  oscillation  was  prevented,  by 
contracting  the  area  of  ihe  metal  luhe  at  one  spot,  by  a  stop  cock,  which 
was  only  opened  when  taking  observations.  He  thought  the  method  he  had 
described,  combined  with  the  use  of  Pilot's  tube,  was  preferable  to  that  pro- 
posed by  Mr.  Heppel. 

Mr.  Rennie  concurred  with  Mr.  Russell  in  his  opinion  of  the  proposed 
method  of  experimenting.  No  subject  was  more  difficult  than  the  resistance 
of  fluids.  It  had  occupied  the  attention  of  the  most  learned  philosophers, 
yet  nevertheless  the  present  state  of  knowledge  of  the  subject  was  still  very 
imperfect.  The  true  theory  had  never  been  discovered.  Newton  to  whom, 
after  Galileo,  the  credit  of  the  first  pi-eci~e  experiments  was  due,  had  also 
given  the  first  of  the  two  theories,  of  which  the  least  imperfect  supposed  the 
body  to  le  directly  struck  by  each  of  tlie  molecules  in  motion.  The  subse- 
quent experiments  of  Bernouilli,  Euier,  Kobins,  Borda,  Bossut,  De  Buat,  and 
otheis,  had  shown  the  imperfection  of  that  theory. 

The  experiments  of  the  French  Academy,  and  the  labours  of  Bouguet, 
Clairbois,  Duhamel,  Don  Juan,  Chapman,  Forfait,  Attwood,  Dupuis,  Poisson, 
and  others,'  had  slied  considerable  light  on  the  subject,  and  on  that  of  the 
stability  of  floating  bodies;  but  no  extended  series  of  experiments  was  tried 
in  this  country,  until  the  question  was  taken  up  by  Colonel  Beaufoy,  who  in 
1791  established  a  "Society  for  the  Improvement  of  Naval  Architecture," 
under  whose  auspices  he  made,  in  the  Greenland  Dock,  the  elaborate  experi- 
ments,  the  first  portion  of  which  had  been  so  munificently  presented  to  the 
scientific  world  by  Mr.  Henry  Beaufoy.^  The  society  however  sunk  for 
want  of  funds,  and  the  experiments  were  eventually  conducted  and  brought  to 
a  conclusion,  entirely  at  the  expense  of  Colonel  Beaufoy.  A  short  notice  of 
them  in  Thomson's  "Annals  of  Philosophy"^  induced  the  communication  of 
the  results  of  a  similar  series  of  experiments,  made  by  Messrs.  Lagerbjelm, 
Forselles,  and  Kallstenius  for  the  Society  of  Ironmasters  of  Stockholm,  at 
the  Fahlun  mine,  between  1811  and  1815.  Owing  to  the  combined  circum- 
stances of  the  Swedish  language  being  but  little  cultivated  in  England,  and  a 
want  of  mathematical  attainments  in  those  who  did  understand  the  lan- 
guage, the  Swedish  experiments  remained  untranslated,  until  after  Colonel 
Beaufoy's  decease.  Mr.  Henry  Beaufoy  then  committed  the  book  to  the 
Rev.  Elijah  Smith,  of  Sidney  College,  Cambridge,  who  learned  Swedish  and 
completed  the  translation,  as  also  that  of  Lagerhjelm's  "  Testamen  Theorise 
Resistentiae  Fluidorum  constituenda;."  The  results  of  these  examinations 
occupied  ten  years  in  their  reduction,  and  yet  but  few  practical  results  had 
been  obtained.     The  general  deductions  which  appeared  to  he  drawn  were — 

Ist.  The  confirmation  of  the  theory,  that  the  resistance  of  fluids  to  pass- 
ing bodies  was  as  the  squares  of  the  velocities. 

2ndly.  That,  contrary  to  the  received  opinion,  a  cone  would  move  through 
the  water  with  much  less  resistance  with  its  apex  foremost,  than  with  its 
base  forward. 

3rdly.  That  the  increasing  the  length  of  a  solid,  of  almost  any  form,  by 
the  addition  of  a  cylinder  in  the  middle,  diminished  the  resistance  with  which 
it  moved,  provided  the  weight  in  the  water  remained  the  same. 

1  See  Bouguet,  Traits  dcs  Navires  ;  Euler,  Scienlije  Navaliaj  Clairbois,  Architecture 
Navale ;  Dullaniel,  ditto,  ditto;  Don  Juan,  Examen  MarilLme;  Chapman  (Sweden), 
Naval  Architecture;  Forfait,  Traitc  sur  la  mature  des  Vaisseaux;  Attwood,  Philosophi- 
cal Transactions;  Dupuis,  G^omttrie  Di^scriptive  ;  Poisson.  Th^orie  des  Ondca  ;  D' Alcni- 
bcrt  and  Bossut,  Rechcrchea  poui  ia  Societe  des  Experiences  en  Architecture  Navale ; 
I-ngerlijelm  and  Kallstenlua,  Experiments  for  the  Swedish  Societyi  Marestier,  iVlemoire 
sur  lea  Bateaux  k  Vupeur;  Beaufoy,  Nautical  Experimenta. 

2  Beaufoy's  *' Nautical  Experiments. "    Vol.1.     London,  1834. 
s   Thomaon'a  "AddqIs  of  Philosophy."    1814, 


4thly.  That  the  greatest  breadth  of  the  moving  body  should  he  placed  at 
the  distance  of  two-fifths  of  the  whole  length,  from  the  how,  when  applied 
to  the  ordinary  forms  in  naval  architecture. 

5thly.  That  the  bottom  of  a  floating  solid  should  he  made  triangular;  as 
in  that  case  it  would  meet  with  the  least  resistance  when  moving  in  the 
direction  of  its  longest  axis,  and  with  the  greatest  resistance  when  moving 
with  its  broadside  foremost. 

Such  was  a  short  summary  of  the  labours  of  Colonel  Beaufoy,  to  whom 
the  scientific  world  was  deeply  indebted.  Mr.  Rennie  thought,  however, 
that  errors  had  been  fallen  into,  by  not  sufficiently  considering  the  question 
of  the  friction  upon  the  sides  of  the  various  forms  used  in  the  experiments. 
They  were  moreover  tried  upon  masses  of  too  small  dimensions. 

The  papers  on  the  same  subject  in  the  archives  of  the  Institution  of  Civil 
Engineers,  presented  by  Bidder,  Carlsund,  Telford,  Palmer,  and  Macneill, 
and  those  of  Fairbairn  and  Colonel  Page,'  treated  of  experiments  upon 
larger  vessels,  and  produced  more  practical  results. 

■fhe  great  difficulty  of  separating  the  resistance  from  the  friction,  arose 
out  of  the  imperfect  apparatus  hitherto  adopted.  The  balance  of  Coulombe, 
and  the  pendulum,  had  been  tried  with  doubtful  success.  Profiting  by  the 
problem  of  the  cylinder  revolving  in  the  vortex,  in  the  Principia  of  Newton, 
Mr.  Rennie  undertook  a  series  of  experiments  in  the  year  1830,  which  were 
published  in  the  Transactions  of  the  Royal  Society,  "  On  the  Resistances  of 
solid  Bodies  in  Air  and  Water. "^  The  apparatus  consisted  of  an  upright 
spindle  of  wrought  iron,  made  to  slide  up  and  down  in  a  frame,  so  as  to  be 
plunged  to  any  convenient  depth  in  the  water,  or  to  revolve  in  air  only,  as 
required. 

The  iron  discs  of  square,  circular,  and  triangular  forms,  as  well  as  the  cy- 
linders and  globular  bodies,  all  of  the  same  areas,  were  moved  through  the 
same  spaces,  and  with  the  same  velocities,  in  air  and  in  water ;  the  results 
were  tabulated,  and  the  conclusions  arrived  at  were: — 

Ist.  That  the  friction  and  adhesion  were  not  as  the  surfaces,  with  slow 
velocities;  being  in  the  ratio  of  1  to  3,  and  diminishing  rapidly  with  the 
velocities,  without  observing  any  ratio. 

2ndly.  Tliat  the  resistance  of  fans  and  globes  of  equal  areas  in  air,  was  as 
the  squares  of  the  velocities  up  to  8  miles  per  liour. 

3rdly.  That  the  resistance  of  fans  or  discs  with  equal  areas,  was  to  globes 
as  2  to  1. 

4thly.  That  the  resistance  of  fans  or  discs  to  globes  of  equal  area  in 
water,  was  to  the  globes  as  the  squares  of  the  velocities. 

5thly.  That  the  mean  resistance — 
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Mr.  Bidder  doubted  whether  the  question  of  resistance,  or  friction,  could 
be  fairly  tested  by  a  cylinder  revolving  in  a  fluid,  inasmuch  as  a  rotary  mo- 
tion was  imparted  to  a  portion  of  the  water,  in  the  same  direction  as  the 
revolution  of  the  cylinder. 

The  subject  was  one  of  great  interest,  and  to  which  he  had  devoted  much 
attention.  Some  years  since  he  assisted  Mr.  Walker  in  a  series  of  experi- 
ments in  the  East  India  Dock,  and  he  came  to  the  conclusion,  that  it  was 
not  possible  to  arrive  at  one  law  suitable  for  all  cases.  There  were  in  reality 
three  cases  to  be  considered  : — 

First.  The  resistance  due  to  displacement. 

Secondly.  The  resistance  due  to  non-pressure. 

Thirdly.  The  resistance  due  to  friction. 

As  regarded  the  first  case ;  the  resistance  due  to  displacement  included 
that  of  the  area  of  resistance  of  the  water  heaped  up  against  the  bows, 
which  augmented  as  the  velocity  increased.  In  such  case  he  found,  that 
the  increase  of  resistance  was  in  a  more  rapid  ratio  than  the  square  of  the 
velocity. 

In  the  second  case  ;  that  of  non-pressure,  occasioned  by  the  filling  up  of 
the  channel  in  the  wake,  vacated  in  the  passage  of  the  vessel  through  the 
water.  In  this  case  he  found  the  resistance  increased  in  a  less  ratio  than 
the  square  of  the  velocity.  In  Mr.  Walker's  experiments,  boats  were  used 
with  bluff  prows  and  with  acute  prows ;  it  was  found  that  at  a  slight  immer- 
sion, and  when  drawn  at  a  low  velocity  with  the  bluff  prow  foremost,  there 
was  the  least  resistance  ;  but  that  when  deeply  immersed,  all  other  condi- 
tions remaining  the  same,  there  was  the  greatest  amount  of  resistance. 

As  to  the  third  position.  The  formula  of  Du  Buat  with  regard  to  fiiction 
was  found  applicable  ;  as  there  was  no  distinction  whether  the  vessel  was 
moving  through  the  fluid,  or  whether  the  fluid  was  running  over  the  bottom 
of  a  river.  In  this  case  the  resistance  due  to  friction  was  as  the  square  of 
the  velocity. 

IJossut  tried  a  variety  of  experiments  upon  the  angles  of  resistance,  by 
attacking  to  a  rectangular  parallelogram  various  shaped  prows,  at  angles 
varying  from  168°  to  12°,  with  the  view  of  ascertaiuing  the  law  of  resistance 
due  to  the  angle  of  the  plane  meeting  the  water ;  but  he  overlooked  the  con- 
stant deduction  necessary  for  the  non-pressure  due  to  the  rectangular  form 
of  the  stern,  which  formed  the  largest  portion  of  the  resistance,  and  conse- 
quently invalidated  the  deductions  from  the  experiments. 


4  "Remarks  on  Canal  Navigation."    By  \V.  Fairhairn. 

5  Vide  "  Phil.  Trans.,"  1831,  p.  423. 


evo.     London,  1831. 


J848. 


THE  CIVIL  ENGINEER  AND  ARCHITECT'S  JOURNAL. 


109 


Tlie  view  Mr.  Bidder  took  of  the  mode  in  which  the  subject  should  be 
considered,  was  not  with  reference  to  tlie  reflection  of  the  particles  due  to 
the  angle  of  incidence,  but  with  reference  to  the  absolute  velocity  imparted 
to  the  particles  of  water  the  vessel  would  have  to  displace.  For  instance,  if 
the  angle  of  the  vessel  was  such,  that  the  sine  was  one-half  the  radius,  then 
the  velocity  of  the  particles  in  contact  would  he  reduced  one-half,  and  the 
resistance  would  be  reduced  to  one-fourth  ;  subject  to  the  previous  explana- 
tion of  the  heaping  of  the  water  against  the  bows. 

With  reference  to  a  plane  disc  dragged  through  a  fluid  ;  it  formed  for 
itself  a  sort  of  natural  prow  of  dead  water,  whiih  was  drawn  forward  with 
it;  but  the  form  of  this  prow  varied  with  the  velocity  of  the  passing  current, 
and  hence  the  anomalies  which  had  been  observed  in  all  experiments  on  the 
subject. 

He  could  not  agree  with  the  infallibility  of  the  Pitot  tube  ;  for  he  thought, 
that  in  proportion  as  the  vertical  tube  was  moved  from  the  stem,  an  error 
must  arise  from  the  lifting  of  the  stem  and  the  dropping  of  the  stern  as  the 
velocity  increased. 

Palmer's  experiments  gave  anomalous  results.  The  resistances  came  out 
as  the  tubes  rather  than  the  squares  of  the  velocities.  This  Mr.  Bidder 
thought  must  be  attributed,  in  a  great  degree,  to  the  friction  arising  from 
the  small  area  of  the  channel,  as  compared  to  the  surface  of  the  body  of  the 
boat,  and  that  of  the  slieet  of  pent. up  water  between  the  flat  bottom  of  the 
boat  and  the  bottom  of  the  shallow  canal. 

In  trying  experiments  upon  large  vessels,  he  conceived,  that  a  tug  boat 
could  scarcely  get  up  sufiicient  speed  (o  obtain  satisfactory  results,  and  that 
it  was  necessary  for  the  vessel  to  be  floating  in  perfectly  still  water,  in  calm 
weather ;  or  else  the  circumstances  being  changed  the  results  must  be  modi- 
fied accordingly. 

As  regarded  the  resistance  offered  by  the  paddle  floats,  when  they  were 
dragged  through  the  water,  as  alluded  to  by  Mr.  Heppel,  when  it  was  re- 
membered that  the  absolute  velocity  of  the  paddles  impinging  upon  the 
water  did  not  usually  exceed  4  miles  per  hour,  to  propel  a  vessel  at  the  rate 
of  12  to  15  miles  per  hour,  it  would  follow,  that  as  soon  as  the  engines  were 
stopped,  unless  the  paddles  were  disengaged  simultaneously,  they  would  be 
dragged  through  the  water  at  the  same  velocity  at  which  the  vessel  was 
proceeding.  In  that  case,  the  resistance  offered  by  the  p.Tddles,  would  be  so 
enormously  disproportionate  to  that  offered  by  the  body  of  the  vessel,  as  to 
render  the  results  entirely  nugatory. 

Mr.  Walker  confirmed  Mr.  Bidder's  statement  of  the  results  of  the  ex- 
periments tried  in  the  East  India  dock,  which  were  communicated  to  the 
Royal  Society  in  1827.'  The  machinery  employed  for  those  experiments 
was  very  simple.  It  consisted  of  a  crab-winch  with  a  barrel  3  feet  in  diame- 
ter, and  handles  of  a  sufficient  length  for  the  necessary  number  of  men  to 
work  at  it.  The  line,  of  |  inch  diameter,  was  attached  at  one  end  to  the 
barrel,  and  at  the  other  to  a  dynamometer  in  the  bow  of  a  boat,  18  ft.  6  in. 
long,  liy  6  feet  broad,  with  a  depth  of  immersion  of  2  feet ;  the  greatest  im- 
mersed cross  section  was  9  feet.  The  experiments  were  tried  in  the  Import 
Pock,  where  there  was  a  space  of  1,410  feet  in  length,  560  feet  in  width,  and 
24  feet  in  depth  ;  so  that  there  was  no  resistance  from  the  sides  or  bottom 
of  the  dock.  The  velocities  were  calculated  from  the  time  of  passing  through 
176  yards,  or  one-tenth  of  a  mile;  that  length  being  marked  off  in  the  mid- 
dle of  the  distance  traversed  by  the  boat.  The  speed  was  attained  by  a  given 
number  of  men  working  at  the  winch,  and  was  regulated  by  the  vibration  of 
a  pendulum. 

The  results  obtained  were,  that  in  almost  every  instance  the  resistance 
showed  an  increase,  amounting  to  the  square  of  the  velocity  for  the  distance 
traversed  ;  but  where  the  velocity  was  considerable  the  resistance  followed  a 
still  higher  ratio.  In  a  narrow  channel  the  increase  would  have  been  con- 
siderably greater.  The  excess  beyond  the  square,  must,  he  conceived,  be 
attributed,  in  a  great  degree,  to  the  raising,  or  heaping,  of  the  water  against 
the  bows  at  high  velocities,  and  to  the  simultaneous  depression  of  the  stern. 

In  these  experiments  the  weight,  or  power,  required,  was  of  course,  at 
least,  in  the  ratio  of  the  cube.  For  instance,  if  one  man  at  the  winch  pro- 
duced a  velocity  =  1,  eight  men  were  required  to  produce  a  velocity  =  2  j  hut 
as  in  the  same  time  double  the  space  was  passed  over,  the  exertion  of  power 
over  the  same  space  was  the  half  of  8,  or  4  ;  but  the  velocity  being  twice 
the  former  velocity,  it  required  twice  the  power,  or  eight  men  while  they 
were  at  work  ;  the  distance  was,  however,  traversed  in  half  the  time,  so  that 
the  expense  of  power  by  doubling  the  velocity  was  only  as  4  to  1. 

The  results  shown  by  dragging  the  bluff  prow  or  the  sharp  prow  foremost, 
at  various  velocities,  showed  clearly,  that  very  different  figures  should  be 
taken  for  vessels  intended  for  carrying  cargo,  from  those  intended  for  great 


Mr.  Bidder  said,  that  Mr.  Barlow,  in  his  deductions  from  Mr.  Palmer's 
experiments,^  stated,  "  that  in  the  case  of  loaded  canal  boats  the  resistance 
varied  in  a  higher  ratio,  viz. ;  as  the  cube  of  the  velocity  very  nearly,  if  not 
exactly,"  and  from  the  experiments  he  had  computed  the  power  of  traction 
on  a  canal,  thus  : — 

At  4  miles  per  hour  1  lb.  would  draw    200  lb. 
At  2  miles         „        lib.  „  16001b. 

The  rule  adopted  by  some  of  the  principal  marine  engine  makers  (as 

0   Vide  Minutes  of  Proceedings,  1842,  vol.  li.  p.  102. 
'   Vide  Phil.  Trans.,  1828,  vol.  cxviii,  p.  15. 
e  Vide  "  Trans.  Instit.  C.E,,"  vol.  1,  p.  165. 


Messrs.  Boulton,  Watt,  and  Co.),"  for  ascertaining  the  sailing  qualities  of  the 
vessel,  viz.  :  multiplying  the  sectional  area  by  the  cube  of  the  power,  and 
dividing  the  product  by  the  velocity,  bad,  he  believed,  been  found  a  true 
test;  and  if  when  the  power  in  the  same  vessel  had  been  increased,  the 
quotient  had  been  found  uniform,  which  he  had  also  reason  to  believe  was 
the  case,  another  proof  was  afforded  of  the  correctness  of  the  theory,  of  the 
resistance  being  as  the  square  of  the  velocity. 

Mr.  Spiller  thought  the  results  of  Mr.  Palmer's  experiments  were  to 
have  been  anticipated,  from  their  being  tried  in  a  narrow  and  shallow  chan- 
nel ;  the  progress  of  the  boat  was  necessarily  retarded  by  the  friction  of  the 
water  against  the  sides  and  the  bottom,  a  mass  of  water  was  carried  along 
with  the  boat,  and  not  having  space  to  expand,  reacted  against  the  boat, 
unduly  increasing  the  resistance,  particularly  at  high  velocities,  Under  ordi- 
nary circumstances  the  resistance  would  be  as  the  square  of  the  velocity,  and 
a  vessel  going  at  a  given  velocity  required  eight  times  the  power. 

Mr.  Scott  Russell,  thought  the  incongruities  in  the  results  of  the  ex- 
periments arose  from  want  of  due  attention  in  noting  all  the  circumstances 
attending  them.  The  forms  of  the  vessels  were  not  particularly  registered, 
nor  were  the  various  forms  experimented  upon,  under  similar  circumstances. 
Now,  as  the  law  of  resistance  must  vary  with  every  difference  of  form,  al- 
though a  general  rule  might  be  given,  it  could  not  be  relied  upon  in  practice, 
and  it  became  essential  to  analyse  every  experiment  carefully  before  any  de- 
duction was  made.  One  point  to  be  particularly  noticed,  was  the  resistance 
of  different  forms  of  the  bows  of  vessels,  and  of  the  quarters,  as  the  law 
would  vary  as  they  were  changed.  Any  experiment  made  in  a  channel  of 
contracted  dimensions,  perhaps  only  three  or  four  times  that  of  the  area  of 
the  midship  section,  could  nut  be  trusted  ;  the  law  of  resistance  would  vary 
with  the  form  and  dimensions  of  the  channel,  and  great  allowance  must  be 
made  for  lateral  friction.  In  short,  as  a  practical  man,  and  speaking  upon 
the  authority  of  nearly  ten  thousand  experiments,  made  upon  large  vessels  in 
open  spaces,  under  every  variety  of  circumstances,  he  must  still  think  the 
mode  of  experimenting  by  the  steam-tug  that  which  was  best  calculated  to 
furnish  accurate  results. 

Nor  was  he  less  wedded  to  the  observations  by  Pilot's  tube,  using  it  as  an 
instrument  for  measuring  velocity.  He  would  of  course  have  the  zero  point 
adjustable;  and  its  delicacy  might  be  further  tested  by  having  another  tube 
beside  it ;  one  of  them  indicating  the  immersion,  and  the  other  the  velo- 
city. 

Mr.  K.  Stephenson  said,  the  object  appeared  to  be,  to  ascertain  the  law 
of  resistance  with  respect  to  large  vessels,  as  deductions  from  the  expeii- 
ments  on  small  bodies  did  not  seem  to  apply.  He  could  scarcely  agree  in 
the  propriety  of  relying  upon  the  results  obtained  l^y  dragging  a  vessel 
through  the  water  by  a  steam-tug,  which  was  only  capable  of  obiaining  low 
speeds.  He  thought  that  a  steam  vessel  contained  within  itself  the  best 
mode  of  trying  experiments,  by  means  of  the  indicator  attached  to  the  en- 
gines. He  was  of  opinion,  that  method  would  be  found  preferable  to  any 
other,  if  the  vessel  was  tried  at  various  rates  of  inimersinn,  different  speeds, 
and  under  circumstances  that  enabled  deductions  to  be  drawn. 

Mr.  Bidder  replied,  that  in  practising  such  a  mode  of  experimenting,  it 
would  be  first  necessary  to  ascertain  with  accuracy  the  slip  of  the  paddles, 
and  the  allowance  to  be  made  for  the  angles  of  impact  and  the  depth  of  im- 
mersion, all  which  diflicult  problems  were  as  yet  little  treated  of  and  but 
imperfectly  understood. 

He  was  not  satisfied  with  the  accuracy  of  the  Pitot  tube,  even  as  a  mea- 
sure of  velocity,  as  the  statical  pressure  must  be  affected  by  the  varying  ve- 
locity, and  false  results  would  be  indicated. 

Mr.  Scott  Russell  said,  it  was  true  that  if  the  tube  and  the  funnel  mouth 

3    Extract  from  a  letter  from  J.  Brown,  Esq.,  dated  January  28th,  1833  :— 
In  the  years  1818  and   1819,  Mr.  Waft  made  a  series  of  oxperiinents  with  his  vessel, 
the  '  Caledonia,'  to  ascertain  her  vclucity  under  different  circumsljmces,  and  amongst  the 
rest,  the  effect  with  one  engine  disengaged  from  the  other.     Each  was  nominally  14  h.p  , 
and  the  operation  of  uncoupling  one  occupied  about  five  mii^utee,  so  that  the  trials  in 
both  instances  were  precisely  under  the  same  circumstances  as  to  tide  and  wind. 

A  measured  mile  in  Long  Reach  Wiis  tun  with  and  against  the  tide  six  or  eight  times, 
and  the  average  taken. 

In  1818,  with  paddle-wheels  of  10  feet  6  inches  diameter,  the  results  of  these  experi- 
ments were  as  follow  : — 

Miles. 
With  both  engines  at  work,  eight  experiments  gave  average  ..     8  (ll 

With  one  engine  ditto,  eight  exi)crinients  gave  average  ..  -.     6*17 

In  1819  these  were  repeated  with  paddle-wheels  13  feet  diameter  : — 
Both  engines  working  during  eight  experiments,  gave  an  average  of       . .     8'63 
One  engine  „  eight        ditto  ..  ..  ..     6'64 

Again,  both  ditto    „  eigh'een  ditto  ,.  ..  ..     8-29 

One  ditto  „  eighteen  ditto  ..  ..  ..     6-24 

Similar  trials  were  made  with  the  'Magnet'  in  1827.    Two  engines  of 

CO  h.p.— with  MJ?s. 

Both  engines  at  work  during  four  experiments,  the  average  speed  was  9*72 

One  engine  ditto  ,,  four  ditto  ..  ..  ..     7-42 

You  will  remark,  that  the  velocity  with  one  engine  in  all  these  experiments,  is  some- 
thing under  what  should  arise,  but  is  accounted  for  from  the  circumstance,  that  the 
number  of  strokes  per  minute,  was  reduced  below  the  maximum,  fiom  the  excess  of 
lead. 

The  results  are  however  sufficiently  near  to  establish  the  fact,  that  the  power  required 
is  as  the  cube  to  the  velocity,  and  according  to  this  the  '  Caledonia'  experiments  in  1818, 
with  one  enrine,  should  have  given  6*o5  miles,  instead  of  t)-l7  miles  ;  and  in  1819,  o-72 
miles,  instead  of  t5'64  miles;  and  6-58  miles,  instead  of  6-24  miles. 

In  none  of  these  experiments  was  the  indicator  applied  to  the  engines;  the  actual 
power  exerted  by  each  was,  therefore,  not  ascertained,  but  the  nominal  power  was  '^^'^n. 
In  those  of  the  '  Magnet'  this  instrument  was  used  in  the  experiment  quoted,  and  the 
actual  power,  when  both  engines  were  at  work,  was  ascertained  to  be  equal  227  h.p.. 
giving  9-72  miles  velocity;  with  one  engine  103  h.p.,  7-42  miles  velocity;  which  is  withm 
the  second  place  of  decimals  what  it  should  be,  say  7*47  miles. 
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were  large  and  the  orifice  was  ni>ar  tlift  surface  of  the  water,  the  tfTect  appre- 
hended by  Mr.  Bidder  would  be  prorlui'ed  ;  but  with  a  smidl  tube  and  a 
proportionate  orifii'p,  wilb  a  proper  arrangenieiit  of  tlie  apparatus,  having  tlie 
orifice  iminerspd  from  10  feet  to  IT)  feet  hericnth  the  surface,  tlie  statical 
pressure  was  so  uniform  at  all  velocities,  that  no  sensible  variation  could  be 
oljserved,  and  lie  must  record  bis  conviction,  that  if  properly  graduated,  and 
conveniently  arraiieed,  no  instrument  lie  bad  hitherto  seen  possessed  the 
same  amount  of  advantages  fur  trying  expcriiueuts. 


ON   REACTION  WATER-W' HEELS. 

Communkatrii  to  the  Franklin  Institute,  United  States,  hy  Z. 
P.1RKER,  of  l'bitiid(tj;hitl. 

On  the  subject  ot  Barker's  wheel,  which,  with  a  few  exceptions, 
appears  to  be  the  only  reaction  wheel  noticed  in  tlie  elementary 
books  till  recently,  I  have  seen  no  notice  of  any  variation  in  the 
discharge,  caused  by  variations  in  the  velocity  of  the  wheel ;  from 
which  I  infer  that  the  writers  regarded  them  as  uniform  in  their 
discharge  under  all  velocities.  In  jiractice,  however,  it  has  been 
observed  that,  when  the  wheel  runs  without  resistance  to  its  free 
motion,  the  orifice  moves  with  a  velocity  considerably  greater  than 
that  due  to  a  pressure  of  the  head  of  water,  and  that  the  discharge 
is  greater  than  the  theoretic  discliarge.  So  far  as  I  am  informed, 
no  experiments  liave  been  recorded,  or  rules  given  for  determining 
the  ratio  of  discharge  under  different  velocities  of  such  wheels. 

The  following  rule,  I  think,  will  be  found  to  hold  good  for  all 
wheels  of  the  reaction  kind  which  discharge  the  water  at  their 
verge,  and  into  wliich  it  enters  without  circular  motion,  or  in 
which  a  circular  motion  of  the  water  is  caused  by  the  wheel  itself 
— the  supply  being  full : 

"  To  the  head  of  water  actually  pressing  at  the  orifice,  add  such 
a  head  as  wiU,  by  its  pressure,  jiroduce  a  velocity  equal  to  the  cir- 
cular motion  of  the  orifice ;  the  velocity  through  the  moving 
orifice  will  be  the  same  that  it  would  be  if  stationary,  and  under 
the  pressure  of  the  sum  of  the  heads."     For  e.xample  : — 

Suppose  such  a  wheel  to  liave  an  issue  of  36  square  inches,  under 
a  head  of  9  feet,  and  that  the  orifice  move  at  the  rate  of  16  feet 
per  second  ;  the  discharge  will  be  the  same  that  it  would  be  if  the 
wheel  were  standing  under  a  head  of  13  feet.     Consequently  such 


Surface  vpperlcvev 


discharge  would  lie  tlio  same  as  if  standing  under  18  feet  head  ; 
in  which  case,  the  discharge  should  be  8"48  cubic  feet  per  second. 

It  is  obvious  that,  in  apiilying  this  rule  in  ]iractire,  such  deduc- 
tions must  be  made  (as  in  other  cases)  as  may  be  due  to  the  form 
of  the  orifice,  the  angles  in  the  passages,  and  the  friction  on  sur- 
faces. 

Tlie  following  experiments  were  made  with  a  centre  discharge 
reaction  wheel  of  the  form  and  proportions  represented  in  the  ac- 
companying sketch.  The  wheel  was  34'  inches  in  diameter  at  its 
outer  verge  ;  the  inner  diameter  of  the  annular  rim  26  inches.  It 
had  16  issues  (8  by  1-8  in.)  =  230  square  inches.  It  received  the 
water  at  the  verge,  from  an  involute  sluice  embraciii,g  the  whole 
circumference.  The  water  was  conducted  to  the  in\olute  through 
a  large  spout ;  the  discharge  of  which  into  the  involute  21  in. 
wide  by  14  inches  deep,  =  336  square  inches.  Tiie  terminus  of 
the  involute  was  within  an  inch  of  the  verge  of  the  wheel.  The 
circular  motion  of  the  water  caused  by  the  involute  coincided  with 
the  motion  of  the  wheel. 
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a  wheel  would,  by  this  theory,  discharge,  standing,  6  cubic  feet 
per  second,  and  running  at  that  rate,  7-2  cubic  feet.  And  if  the 
orifices  were  suffered  to  move  at  the  rate  of  24  feet  per  second,  the 


The  condition  of  the  works  at  the  time  the  experiments  were 
made  was  favourable  to  the  wheel.  It  had  run  about  two  months 
after  being  repaired  and  adjusted,  and  the  proprietor  (Mr.  A. 
Atwood,  of  Tro)',  N.Y.,)  stated  that  it  was  performing  as  well  as 
it  ever  had.  Tliere  was  a  fault,  however,  in  the  construction.  The 
"  spout"  (so  called)  conducting  the  water  from  the  flume  had  an 
elbow  of  nearly  a  right  angle,  first  descending  from  the  bottom  of 
the  flume  and  then  passing  horizontally  to  tlie  involute ;  the  sec- 
tion at  the  commencement  of  the  horizontal  portion  being  about 
16  by  36=576  square  inches.  The  opening  into  the  "spout" 
from  the  bottom  of  the  flume  was  about  SO  inches  square,  with 
sharp  angles.  All  things  considered,  I  am  of  the  opinion  that  this 
method  of  emplojiiig  the  "  pressure  "  of  water,  with  a  good  struc- 
ture, in  good  condition,  is  capable  of  giving  about  62  per  cent,  of 
available  power. 

A  remarkable  feature  of  inward-discharging  reaction  wheels  is 
found  in  the  smallness  of  their  discharge,  and  its  tendency  to 
uniformity  under  all  velocities  of  the  wheel,  obviously  arising  in 
this  application,  from  the  outward  pressure  of  the  circular  motion 
of  the  water  in  the  involute  sluice  and  wheel. 

The  theoretic  discharge  of  230  square  inches,  under  a  pressure 
of  8-61  feet,  is  2,249  cubic  feet  per  minute.  The  actual  discharge 
is  only  -498  of  this.  Had  the  discliarge  been  outward,  through  the 
same  aggregate  aperture,  and  with  the  same  circular  motion  of 
water,  in  the  portion  of  the  wheel  occupied  by  the  vanes,  the  dis- 
charge (judging  from  the  results  of  my  experiments  made  in  1844), 
would  have  been  -884  of  theoretic  discharge ;  and  had  it  been  out- 
ward, and  without  circular  motion,  it  would  have  been  about  1-289, 
at  the  speed  of  maximum  power. 


ON  THE  VELOCITY  OF  ATMOSPHERIC  JETS. 
The  following  table  (communicated  by  Z.  Parker  to  the  Frank- 
lin Journal)  of  the  velocity  of  atmospheric  jets,  under  the  given 
pressures,  may  be  useful. 

The  table  is  constructed  under  the  assumption  that  all  fluids  ac- 
quire equal  velocities  under  the  pressure  of  equal  heights,  without 
regard  to  their  specific  gravities ;  allowing  the  superincumbent 
column  to  be  homogeneous  with  that  portion  at  the  jet.  The 
formula  is  V  =  Vet  A  i    and  for  a  pressure  of  IS  lb.  per  square 
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inch,    A  :=  27,600   feet  of  homogeneous  atmosphere.     The  height 
for  other  pressures  in  proportion. 


Pressure  per 

VflocUj-,  feet 

Pressure  per 

Vclncitv.  feet 

Pressure  per 

Velocity,  feet 

square  inch. 

per   sec.nd. 

squire  inch. 

per  svcorid. 

square  iiu  h. 

per   secoiia. 

i  oz. 

42 

2i     li.. 

514 

13     lb. 

1237 

4    •• 

60 

2,»      .. 

.'..■>.-5 

14     .. 

1284 

1 

B8 

2f     .. 

509 

1.-.    .. 

1329 

2       .. 

121 

3       .. 

5'i4 

20      . . 

1534 

3       .. 

14S 

3i      .. 

(j!5 

?,0      . . 

201)4 

4        .. 

171 

H    .. 

fM2 

40      .. 

2170 

5       .. 

190 

3i     .. 

(i'D 

50      .. 

2406 

G       .. 

210 

4 

6'!G 

fiO      .. 

2658 

7       .. 

227 

44      .. 

728 

70      .. 

2871 

8       .. 

242 

5        .. 

7(10 

80      .. 

3069 

10       .. 

271 

bi     .. 

«0! 

30      .. 

3240 

12        .. 

297 

6       .. 

8-10 

100      .. 

3431 

14        .. 

321 

7       .. 

9IIS 

no    .. 

3500 

1       lb. 

343 

8       .. 

9  70 

120     .. 

3759 

u   •• 

3H3 

9       .. 

1029 

i:',o    .. 

3912 

li  .. 

420 

10       .. 

10H5 

140     .. 

4000 

If  .. 

453 

11 

ii:jt; 

1  50     . . 

4202 

2       .. 

485 

12       .. 

12U8 

1(30     .. 

4340 

BEtxISTBB     OP    KEVT    PATENTS. 

SACK  HOLDER. 

Henry  Gilbert,  of  St.  Leonard's-on-Sea,   surgeon,   for  '''■Im- 
provements  in  apparatus  for  holding  sacks  to  facilitate  the  filling  of 
them  with  corn  or  other  materials." — Granted  May  27  ;    Enrolled 
November  27,  18+7. 

Heretofore  when  filling  sacks  it  lias  been  usual  for  one  person  to 
hold  up  the  sack  whil.st  the  other  fills  the  same.  In  other  cases 
the  sack  has  been  hung  from  hooks  or  instruments  from  a  wall  or 
post  or  some  other  permanent  structure.  The  object  of  this  in- 
vention is  so  to  arrange  apparatus  that  it  may  be  carried  about 
with  facility,  and  stand  in  a  field  or  other  place,  and  uphold  a 
sack  in  an  open  state  so  that  the  sack  may  be  filled  with  facility  ; 
the  invention  simply  requiring  such  an  arrangement  of  parts  that 
it  may  be  independent  of  a  fi.\ed  or  permanent  structure,  and  be 
capable  of  being  moved  from  place  to  place,  and  yet  uphold  an 
empty  sack  in  an  open  state  and  allow  of  a  person  readily  fill- 
ing the  same.  The  annexed  engraving  shows  a  side  and  back 
view  of  the  apparatus,     a  is  the  main  frame,  having  two  legs  a'. 


The  sides  a  are  combined  together  by  the  bars  6,  which  are  bent  to 
receive  the  sack  as  it  rests  against  it ;  c  is  a  diagonal  frame  which 
turns  on  axes,  and  d  are  two  studs  or  projections  fixed  to  the  side 
rails  of  the  frame,  by  which  the  legs  or  feet  can  be  caused  to  stand 
a  greater  or  kss  distance  apart,  there  being  notches  in  the  pro- 
jector to  receive  the  studs  or  projections.  At  the  upper  part  of 
the  apparatus  is  fixed  an  elliptical  frame  f,  througli  which  the 
mouth  of  the  sack  is  to  be  drawn.  The  upper  part  of  the  sack  is 
to  be  folded  over  the  bars^,  and  the  clamping-bars  brought  down, 
which  will  clamp  the  upper  parts  of  the  sack  securely  between  the 
parts//,  and  g  g,  by  which  means  the  sack  will  be  held  open  at  the 
mouth  and  supported  or  suspended  from  the  frame/  and  the  appa- 
ratus may  be  placed  in  the  position  shown  in  the  side  view. 


STEAM-ENGINES. 

William  Bacon  and  Thomas  Dixon,  of  Bury,  Lancaster, 
engineers,  for  '■'■certain  Improvements  in  steam-engines." — Granted 
August  19,  1847  ;  Enrolled  February  19,  1848.  [Reported  in  the 
Patent  Journal.^ 

The  invention  of  improvements  specified  and  enrolled  under 
this  title  applies  generally  to  that  class  of  steam-engines  usually 
termed  Woolf 's  engine,  or  the  compound-cylinder  engine ;  that  is, 
an  engine  having  two  cylinders,  where  the  steam  is  admitted  into 
one  cylinder,  at  a  high  pressure,  where  having  actuated  the  piston 
of  that  cylinder,   it   is   admitted   thence  to  the  larger  cylinder, 
where  it  again  produces  a  motive  power,  and  usually  subject  to 
condensation.     In  one  case  also,  herein  specified,  it  is  applicable 
to  single-cylinder  engines.     The  patentee  states  that  in  the  ordi- 
nary   arrangement   of    compound-cylinder  engines,   the   area   or 
content  of  the  passages  from  the  expansive  valve  for  tlie  high- 
pressure  cylinder  to  the  inside  of  the  low-pressure  cylinder  are 
such  as  to  form  a  large  proportion  to  the  cubical  content  of  the 
high-pressure  cylinder  ;  and  that  this  content  or  space  is  filled,  at 
the  conclusion  of  each  stroke  of  the  engine,  whetlier  it  be  the 
upward  or  downward  stroke  of  the  low-pressure  piston,  with  steam 
of  a  similar  density  as  that  produced  by  its  admission  into  the  low- 
pressure   cylinder,  which  in  many  cases  is  five  or  six  pounds,  or 
even  more,  below  the  pressure  of   the  surrounding  atmosphere^ 
lirheu  the  return-stroke  of  the  piston  takes  place,  the  steam  ad- 
mitted to  effect  the  preceding  stroke  of  the  high-pressure  piston 
is  passed  into  the  passage  or  space  before-mentioned,  thence  to  the 
low-pressure  cylinder,   where  it  joins  with  the  before-mentioned 
rarified  steam,  and  therefore  the  steam  in,  or  escaping  from,  the 
high-pressure  cylinder,  is  considerably  reduced  in  pressure,  witli- 
out  producing  a  corresponding  amount  of  force  on  the   piston. 
The  principal  object  of  these  improvements  is  to  obviate  in  a  great 
measure  the  before-mentioned   deterioration  of  the  steam  in  its 
passage  from  one  cylinder  to  tlie  other,  and  also  to  simplify  the 
construction  and  at  the  same  time  to  obtain  an  increased  amount 
of  duty  from  the  steam  in  compound-cylinder  engines.     To  attain 
the  advantageous  results  just  enumerated,  the  patentees  construct 
their  improved  engine  so  that  by  a  peculiar  arrangement  of  the 
passages,  valves,  and  openings,  the  exhausting-valves  for  the  high- 
pressure  cylinder,  or  admission-valves  for  the  low-pressure  cylinder, 
are  placed  as  nearly  as  possible  to  the  ports  or  entrances  to  the 
low-pressure  cylinder.     On  account  of  this  arrangement  of  the 
passages  between  the  steam-valves  for  either  of  the  ports  of  the 
low-pressure  cylinder,  and  the  opposite  end  of  the  high-pressure 
cylinder,  these  passages  are  constantly  tilled  with  steam  of  the 
same  density  as  that  in  the  high-pressure  cylinder  ;  therefore,  the 
content  of  the  passage  from  the  valve  to  the  entrance  of  the  low- 
pressure  cylinder  is  the  additional  extent  of  the  space  the  steam 
admitted  to  the  high-pressure  cylinder  wiU  have  to  occupy,  and  the 
steam  always  be  in  reserve  for  the  commencement  of  the  stroke  of 
the  low-pressure  piston ;  consequently  the  pressure  of  tlie  steam 
will  be  reduced  but  to  a  very  trifling  degree  ;  and,  therefore,  they 
argue  that  a  more  perfect  expansion  of  the  steam  in  the  low- 
pressure  cylinder  is  obtained,  which  is  attended  with  a  corresponding 
additional  result  in  the  motive-power.     These  improvements  con- 
sist : — First,  in  so  arranging  the  valves,  passages,  and  openings, 
that  one  valve-box,  one  double  hollow  valve  (or  two  sliding-valves 
of  the  common  construction)  are  adapted  to  serve  for  both  the 
high  and  the  low-pressure  cylinders.     The  same  passage  in  the 
valve  which  admits  steam  to  the  top  of  the  low-pressure  cylinder 
from  the  bottom  of  the  high-pressure  cylinder,  in  a  downward 
stroke  of  the  pistons,  also  forms  the  passage  from  the  top  of  the 
low-pressure  cylinder  to  the  condenser,  in  the  upward  stroke  of 
the  pistons ;  and  the  same  passages  in  the  valve  which  admit  the 
steam  to  the  bottom  of  the  lo^-pressnre  cylinder  from  the  top  of 
the  high-pressure  cylinder,  in  the  upward  stroke  of  the  pistons, 
also   forms    the   passage   from   the   bottom   of   the   low-pressure 
cylinder  to  the  condenser,  in  the  downward  stroke  of  the  pistons. 
The  same  part  of  the  valve  which  admits  the  steam  to  the  low- 
pressure  cylinder  forms  the  exhausting-valve  for  the  opposite  end 
of  the  high-pressure  cylinder.     Secondly,  these  improvements  con- 
sist in  using  separate  plate  or  other  valves  for  the  admission  of 
the  steam  to  the  high-pressure  cylinder,  and  using  these  valves  as 
expansion-vahes  %vith  which  to  cut  olt  tlie  steam  from  the  high- 
pressure  cylinder,  and  so  arranging  them  that  the  amount  of  ex- 
pansion may  be  varied  to  any  required  extent  in  the  high-pressure 
cylinder  without  interfering  with  the  ingress  or  egress  of  steam  to 
or  from  the  low-pressure  cylinder.     Thirdly,  these  improvements 
consist  in  arranging  conical-valves,  Cornish,  or  other  descriptioQ 
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of  disc-valves  for  conijiound-cvliinler  enj^Incs,  so  as  to  effect  tlie 
same  result  as  by  the  slide-valves  above-mentioned,  and  in  arranjf- 
iii;r  ea<-h  valve  to  be  raised  by  a  separate  tappet  (or  by  <ither  ine- 
<:hanical  means),  so  that  any  one  valve  can  be  closed  without  inter- 
ierinfT  with  anv  of  the  others;  by  reason  of  which  arrangement 
any  amount  ot'  expansion  or  comprossion  of  steam  in  either  tlie 


'      


Fit.  1- 


F^g.  2. 


high  or  low-pressure  cylinder  can  be  effected.  Fig.  1  represents  a 
vertical  section  of  a  low-pressure  cylinder,  together  with  the 
steam-passages,  so  arranged  that  by  one  valve-box,  six  openings, 
and  two  common,  single,  hollow  sliding-valves,  they  are  adapted 
to  serve  both  tlie  high  and  low-pressure  steam-cylinders  ;  and 
jig.  2  is  a  transverse  vertical  section  of  the  passages  through  the 
line  1,  2,  showing  also  the  position  of  the  cylinders,  a  indicates 
tlie  admission  and  exit  openings  for  the  top  of  the  high-pressure 
cylinder;  and  a'  the  opening  for  similar  purposes  to  the  bottom 
of  the  high-pressure  cylinder;  and  ft,  and  6',  the  ports  for  the 
admission  and  escape  of  steam  to  or  from  the  top  and  bottom  of 
the  low-pressure  cylinder;  c,  and  c',  the  passages  to  the  con- 
denser; r/,  and  (i',  steam-passages  to  the  high-pressure  cylin- 
der; p,  ajid  (.",  the  Imllow  sliding-valves ;  and  ./J  and./"',  the  lap 
or  covering  for  the  condenser-ports  c,  and  c'.  The  action  of  this 
arrangement  is  as  follows  : — Steam  being  admitted  from  the  boiler 
to  the  valve-box  a,  enters  at  d  (when  the  valves  are  in  the  posi- 
tion shown),  and  passes  thence  by  the  passage  g,  to  the  top  of  the 
liigli-pressure  cylinder  6,  where,  having  performed  the  downward 
stroke  of  the  engine,  the  position  of  the  valves  /»,/»',  will  be  re- 
versed, and  the  steam  will  return  by  the  passage  g  ;  and  the  open- 
ing d  (as  well  as  the  port  e'),  being  now  covered  by  the  valve 
/»',  the  steam  will  be  conducted  thereby  below  the  piston  of  the 
low-pressure  cylinder  r,  and,  on  a  subsequent  stroke  taking  place, 
it  will  escape  tlirough  the  valve  /»',  to  the  port/',  and  thence  by 
a  suitable  passage  to  the  condenser.  For  the  upward  stroke  of  the 
engine,  the  port  rf'  will  be  uncovered  by  the  valve  A,  and  steam 
will  enter,  passing  by  the  passage^',  to  the  bottom  of  the  high- 
pressure  cylinder,  and  by  the  change  in  the  valves  it  will  escape 
from  thence  by  the  passage  ^r',  through  the  valve  A,  into  the  top 
of  the  low-pressure  cylinder  c,  where,  having  performed  its  office, 
it  is  exhausted  by  the  condenser  through  the  passage  j\  which,  in 
its  turn,  will  be  covered  by  the  valve  h.  The  ports/",  and/',  are 
always  covered  either  by  the  valvee  A,  and  A',  or  by  their  pro- 
jecting-pieces  j,  andi'.  Fig.  3  represents  a  vertical  section  of  a 
valve-case,  together  witli  the  requisite  passages,  by  which  arrange- 
ment one  valve-casing,  five  openings,  and  one  double  hollow  slide 
are  made  to  serve  for  two  high-pressure  cylinders  and  one  low- 
pressure  cylinder,  these  being  arranged,  in  the  drawings,  one  on 
either  side  of  the  low-pressure  cylinder,  to  which  the  slide-case 
and  slides  are  attached ;  the  different  valves,  openings,  and  pas- 


sages are  lettered   severally,  as  in  the  last  figures,  and  to  which 
the  description  thereof  will  be  equally  applicable,  as  tlie  steam  is 

conducted  precisely  in  the  same  man- 
ner as  in  that  case.  Fig.  4  is  a  ver- 
tical section  of  a  low-pressure  steam- 
cylinder,  with  its  valves  and  openings 
so  arranged  that  by  one  valve-box, 
eight  openings,  two  plate  expansion- 
valves,  and  two  common,  single, 
hollow  slide-valves  are  adapted  to 
serve  one  high-pressure  steam-cy- 
linder, and  one  low-pressure  steam- 
cvlinder.  Fig.  5,  a  section  through 
tiie  line  3,  4,  showing  the  arrangement 
of  the  passages,  with  the  relative 
position  of  the  two  cylinders.  A, 
rejuesents  the  valve-case ;  B,  the 
high-pressure  cylinder ;  C,  the  low- 
pressure  cylinder ;  a  is  the  opening 
in  the  valve-face,  which  is  connected 
with  the  top  of  the  high-jiressure  cy- 
linder by  the  passage  fc,  which  passage 
also  serves  to  convey  the  steam  from 
the  top  of  the  high-pressure  cylinder 
B,  to  the  bottom  of  the  lovr-pressure 
cylinder  C.  a'  is  the  opening  in 
admission  of  steam  to  the  bottom  of  the 
passage  6 '  communicating  thereto  ;  this  passage 


FiK.  .1. 

the  valve- face   for  the 
cylinder   15,   the 
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a 


Fig.  4. 


Fig.  5. 


serves  as  a  communication  between  the  bottom  of  the  high- 
pressure  cylinder  B,  and  the  top  of  tlie  low-pressure  cylinder 
C.  These  openings  a,  and  a',  are  covered  altern:itely  by  two  ex- 
pansive plate-valves  p,  and  C  ;  which  valves  are  furnished  with 
suitable  apparatus  for  varying  the  amount  of  expansion,  and  are 
placed  on  the  same  rod  as  the  valves  rf,  and  rf',  which  are  for  the 
purpose  of  controlling  the  direction  of  the  steam  in  its  entrance 
and  exit  to  and  from  the  low-pressure  cylinder  C.  p,  ande',  are 
the  steam-passages  to  the  cylinder  C,  and  /,  and  / ',  the  openings 
in  the  valve-face  to  the  condenser  ;  i/,  and  3',  are  the  openings  in 
the  valve-face  to  the  steam-passages  6,  and  6';  and  A,  and  A",  the 
laps  of  the  slides  rf,  and  rf',  for  the  purpose  of  covering  the 
openings /,//,  .9',  and/'.  Steam  being  admitted  to  the  valve- 
Jacket  from  the  boiler,  at  a  high-pressure,  it  enters  at  a,  to  the 
passage  ft,  which  is  filled  as  far  as  3'  ;  tliat  opening  being  covered 
by  the  lap  of  the  valve  rf',  it  is  conducted  thereby  to  the  top  of 
the  high-pressure  cylinder  B,  where,  having  ])erfornu'd  the  down- 
stroke  of  the  piston,  the  position  of  the  valves  will  become  changed, 
the  steam  in  the  top  of  the  cylinder  B,  will  escape  by  the  passage 
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6,  through  the  opening  g'  in  the  valve- face,  tvhich  will  now  be 
covered  by  the  valverf',  and  by  it  directed  through  the  passage  e' 
into  the  bottom  of  the  low-pressure  cylinder ;  the  opening  a,  to 
the  passage  h,  during  this  part  of  the  stroke,  being  covered  by  the 
expansion-valve  c.  During  the  upward  stroke  of  the  pistons  the 
high-pressure  steam  in  tlie  valve-case  will  pass  in  at  the  opening 
a',  thence  by  the  passage  6'  to  the  bottom  of  the  high-pressure 
cylinder,  the  opening  g  to  this  passage  being  now  covered  by  the 
lap  of  the  valve  d ;  but  th«  valves  being  again  changed,  the  steam 
will  rush  from  the  bottom  of  the  cylinder  B,  through  the  passage 
6',  where  it  passes  through  the  opening  (/  in  the  valve-face,  and 
is  directed  by  the  valve  d  into  the  top  of  the  cylinder  C,  by  the 
passage;  when  the  down-stroke  takes  place,  during  this  part  of 
its  course  through  the  passage  6",  the  openings"  is  covered  by 
the  expansive-valve  c',  preventing  any  admission  of  steam  from 
the  \ah'e-case.  The  steam  from  the  top  and  bottom  of  the  low- 
pressure  cylinder  is  exhausted  by  the  condenser  through  the  pas- 
sages/, and/',  which  communicate  alternately  therewith  by  the 
change  in  the  valves,  rf,  and  d'  ;  when  the  opening  is  covered  by  the 
valve  d  and  the  steam  directed  thereby  to  the  condenser,  the  open- 
ing/' is  covered  by  the  lap  /('  of  the  valve  d,  and  when  the  opening 
/'  is  covered  by  the  valve  d',/is  in  its  turn  covered  by  the  lap 
h  of  the  valve  d. 

The  object  aimed  at  in  these  improvements,  besides  the  simplicity 
of  construction,  are,  that  a  more  effective  pressure  is  obtained 
from  the  admission  of  the  steam  immediate  on  the  opening  of  the 
steam-valves  to  the  low-pressure  cylinder,  and,  consequently,  a 
more  effective  result  is  obtained  Drawings  are  represented  in  the 
specification,  showing  the  application  of  Cornish  or  disc-valves 
adapted  to  effect  the  admission  of  steam  to  the  low-pressure 
cylinder  in  a  similar  manner,  and  so  as  to  obtain  a  similar  bene- 
ficial result,  as  with  the  slide-vahes  already  described ;  but,  from 
the  simplicity  of  the  principle  of  the  invention,  it  will  be  unne- 
cessary to  give  any  description.  In  combination  with  these  fore- 
going improvements,  they  also  si)ecify  an  improved  apparatus  for 
what  is  techically  termed  "  blow  ing  through"  when  an  engine  is  to 
be  started,  the  improvements  being  for  the  purpose  of  preventing 
the  engine  starting  in  the  wrong  direction.  The  improvement 
consists  in  arranging  two  passages  from  the  blow-through  valve 
to  the  low-pressure  cylinder,  one  of  these  passages  being  con- 
nected from  the  blow-through  vi\\ve  to  the  top  of  the  low-pressure 
cylinder,  and  the  other  passage  from  the  blow-through  valve  to  the 
bottom  of  the  low-pressure  cylinder — the  openings  into  these  pas- 
sages being  so  regulated  by  a  three-way  cock  or  valve,  that  when 
the  operation  of  blowing  through  is  performed,  the  steam  pnters 
simultaneously  on  each  side  of  the  piston  in  the  low-pressure 
cylinder ;  and  that  when  the  said  valve  is  closed,  any  communica- 
tion between  the  passages  will  be  entirely  prevented.  Having 
described  the  nature  of  their  invention,  and  in  what  manner  the 
same  may  be  carried  into  practical  effect,  they  remark  that  they 
do  not  claim  the  application  of  one  valve-box  to  high  and  low- 
pressure  cylinders,  but  what  they  claim  as  their  invention  is  : — 
First,  the  peculiar  arrangement  of  the  valves  and  openings  as  they 
are  represented  in  the  cuts  and  hereinbefore  described  in  detail ; 
that  is  to  say,  the  adaptation  and  application  of  a  reduced  number 
of  valves,  of  the  ordinary  construction,  to  effect  the  necessary 
communications  betvveen  the  steam-chest,  cylinders,  and  condenser; 
and  the  arrangement  of  ports  or  openings,  whereby  the  steam  is 
reduced  as  little  as  possible  in  passing  from  the  higli-pressure 
cylinder  to  the  low-pressure  cylinder.  Secondly,  they  claim  the 
Ki)plication  of  two  high-pressure  steam-cylinders  to  one  low-pressure 
steam-cylinder,  and  in  so  arranging  the  ports  or  passages  that  the 
same  number  of  valve-boxes  and  openings  which  serve  for  one 
high-pressure  and  one  low-pressure  steam-cylinder,  will  also  be 
sufficient  for  two  or  more  high-pressure  cylinders  and  one  low- 
pressure  cylinder.  They  desire  it  to  be  understood  that  they  do 
not  confine  themselves,  in  the  application  of  the  improvements, 
exclusively  to  compound-cylinder  engines  with  condensation,  but 
;Jso  claim  the  application  of  their  improvements  to  compound- 
cylinder  engines  without  condensation,  passing  the  steam  from 
the  second  or  low-pressure  cylinder  into  the  atmosphere  instead  of 
into  the  condenser.  Thirdly,  they  claim  the  application  of  their 
improvements  in  the  methods  of  blowing  through  for  the  purpose 
of  starting  engines,  as  applicable  to  every  description  of  double- 
acting  condensing  engines,  whether  with  compound  cylinders  or  a 
single-cylinder  engine.  They  also  claim  any  combination  of  the 
improvements  herein  specified,  whereby  similar  objects  may  be  ac- 
complished. 


CONSUMING  SMOKE. 

William  Edward  Kvan,  of  Aresthourne-park -villas.  Padding- 
ton,  clerk,  for  "  Improvements  in  consuming  the  smoke  and  economis- 
ing the  fuel  of  steam-engines,  breweries,  and  manufactories  generally." 
—Granted  July  25,  1817  ;  Enrolled  January  25,"  1818. 

This  invention  consists  of  a  combination  of  mechanical  means, 
to  be  applied  to  the  furnaces,  ash-jiits,  flues,  fire-doors,  door-frames, 
and  chimneys  of  steam-engines,  boilers,  coppers,  stills,  and  pans 
generally,  for  consuming  the  smoke  and  gas  and  lessening  the 
expense  of  fuel. 

First,  to  regulate  the  draught  of  the  chimneys,  whatever  may  be 
their  altitude,  so  that  their  area  of  cubical  capacity  shall  not  ex- 
ceed the  conjoint  areas  of  the  furnace, — the  space  above  the  bridge 
and  the  fire-flue  under  the  boiler,  &c.  Secondly,  by  adjusting  the 
admission  of  atmospheric  air,  at  given  points,  to  afford  the  precise 
proportion  of  air  needful  to  effect  the  perfect  combustion  of  fuel, 
and  its  products  of  gas  and  smoke. 

Fig.  1  is  a  longitudinal  vertical  section 
of  a  steam-boiler  of  cylindrical  form,  with 
its  furnace,  o,  the  furnace-doors ;  /»,  the 
plate  ;  c,  the  fire-bars  ;  rf,  the  bridge ; 
e,  the  air-flue  ;  /  the  fire-flue  under  the 
boiler  ;  g,  the  lateral  or  side  fire-flues. 

Fig.  2  is  an  enlarged  view  of  the  fur- 
nace-doors, which  are  in  two  heights  ; 
the     upper    one    has     ventilators     with 


Fig.  2, 


Fig.  1. 

regulating  slides  to  admit  the  air  over  the  fuel  (without  lessening 

the  temperature  of  the  furnace 
which  partly  opening  the  door  occa- 
sions), and  is  opened  to  supply 
fuel ;  and  when  that  is  done,  it  is 
closed,  and  tlie  lower  (plain)  door 
is  then  opened  to  arrange  the  posi- 
tion of  the  fuel  on  the  bars,  e  is 
the  air-flue  with  ventilator  to  regu- 
late the  air  admitted.  A,  h,  are  the 
ash-pit  doors  with  their  ventilators, 
by  wliich  the  needful  quantity  of 
air  is  allowed  to  ente?.  There  is  a 
second  air-flue  marked  A",  which 
enters  the  side  flue  into  which  the 
blaze  first  passes  from  the  boiler,  and  this  has  likewise  a  ventilator 
marked  /. 

In  addition  to  the  horizontal  damper  in  the  machinery  to  con- 
tract cand  regulate  the  draught,  there  is  also  a  vertical  damper 
fixed  on  one  side  of  the  chimney  with  a  counterpoise  weight,  which 
damper  is  raised  as  occasion  may  require,  to  supply  a  volume  of 
air  to  the  chimney,  and  thereby  lessen  or  stop  the  draught  through 
the  furnace  at  the  time  when  fuel  is  supplied  and  arranged  on  the 
bars. 

The  air  is  to  be  admitted  gradually  as  required.  Thus — by  the 
admission  of  a  moderate  quantity  through  tlie  ventilators  of  the 
ash-pit  doors,  the  fuel  is  ignited — by  the  sujiplj'  of  air  through  the 
ventilating  holes  regulated  by  slides  in  the  door-frame,  above  the 
doors,  or  in  the  upper  door  (as  the  case  may  be),  combustion  is  af- 
forded to  the  gas  and  smoke  while  arising  in  the  body  of  the  fur- 
nace, by  the  air  supplied  from  the  ventilator  in  the  air-tube  or  flue 
which  communicates  to  the  back  of  the  bridge,  any  gas  and  smoke 
which  escapes  from  the  furnace  to  the  flue  under  the  boiler,  is 
ignited.  And  again,  by  the  ventilator  in  the  second  air-flue, 
marked  k,  entering  the  side  flue  at  the  end  of  the  boiler,  near  the 
chimney,  still  further  ignition  is  attained,  and  the  full  completion 
of  the  combustion  is  thus  secured  by  the  conjoint  action  of  the 
whole  of  these  arrangements,  which    could  not  be  effected  by  the 

16 


nt 


THE  CIVIL  ENGINEER  AND  ARCHITECT'S  JOURNAL. 


LApril, 


.■((Imission  of  a  larjje  volume  of  air   with   undue  force   at  any  of 
these  j^fiven  points  above  enumerated. 

These  arrangements  are  also  applicable  to  boilers  of  marine 
steam-engines.  Thus,  where  tlie  boilers  are  set  in  brickwork, 
with  flues  or  fire-bed  passini;  under  the  boiler,  and  side  flues  sur- 
rounding the  l)oiler,  like  those  of  stationary  land-en^^ines,  the 
sanie  method  of  applying  the  arrangements  as  before  described 
will  answer  the  purpose,  and  where  the  furnace  and  ash-pit  are 
within  the  boiler,  the  ventilators  arc  to  be  a|>plied  to  the 
ash-pit  doors,  to  the  furnace  door-frame  and  upper  door,  and  to  a 
metallic  pipe  to  convey  air  to  the  back  of  the  bridge,  and  should 
there  be  a  slide-flue,  one  also  to  th.at ;  the  regulating  damper  to 
the  chimney  and  a  vertical  damper  enclosed  for  safety  in  a  case 
open  at  the  bottom  to  admit  air. 

As  some  of  the  arrangements  herein  described  are  old,  or  have 
been  in  use,  such  as  the  horizontal  damper,  the  divided  furnaoe- 
do(U-,  with  apertures  therein,  and  the  admission  of  air  at  the  back 
of  the  bridge,  the  patentee  does  not  claim  any  one  of  these  sepa- 
rately, but  claims  their  application  combined  with  the  following  im- 
j)rovements  (that  is  to  say)  the  vertical  damper  mirked  m,  tlie  open- 
ings in  the  door-frame,  and  slides  to  cover  them  occasionally,  the 
side  air-flue,  and  ventilator A-,  and  that  marked  c,  the  ventilators  in 
the  ash-pit  doors,  and  the  tube  for  conveying  tlie  air  to  the  back  of 
the  bridge,  marked  e,  in  the  manner  set  forth,  to  produce,  by  their 
regulated  and  united  action,  the  effect  of  more  complete  combus- 
tion, by  igniting  the  gas  and  smoke,  and  thereby  saving  fuel  to  a 
considerable  extent. 


CONDENSER  FOR  STEAM-ENGINES. 

Christian  Schiele,  of  Manchester,  mechanician,  for  "  Improve- 
ments ill  nvwhinKri)  nr  apparatus  for  condensing  steam." — Granted 
May  27  ;  Enrolled  November  27,  1817. 

The  new  condenser  consists  of  a 
cylinder  A,  one  end  of  which  is  di- 
vided off,  forming  a  separate  cham- 
ber B ;  the  two  chambers  are  con- 
nected by  a  valve  A,  in  the  partition  n, 
and  a  tube  e,  leads  from  near  the 
bottom  of  the  small  chamber  into  the 
large  one,  proceeding  along  the  ujjper 
part  of  the  cylinder,  and  having  its 
lower  surface  pierced  with  holes. 
The  cylinder  contains  water,  and  on 
steam  being  admitted  from  the  engine, 
through   the  pipe  e,   into  the   large 

chamber     A,    it     forces    the     water 

throu"-h  the  valve  h  in  the  partition  into  the  small  chamber  ;  but  as 
soon  as  the  steam  begins  to  condense,  and  tlie  pressure  on  the  sur- 
face of  the  water  is  released,  tlie  compressed  air  in  the  small 
chamber  forces  the  water  up  the  connecting-tube  e,  and  which,  flow- 
ing along,  passes  through  the  orifices /in  a  shower,  and  completes 
the  condensation,  k  is  an  elbow-pipe,  in  connection  with  the 
force-pump  of  the  boiler,  to  carry  off  the  condensed  fluid  ;  it  is 
lirovided  with  a  vertical  tubular  slide  /,  to  be  raised  to  any  suitable 
elevation  by  a  rod  m,  to  regulate  the  level  of  the  condensed  fluid, 
and  steam  space  c.     </  is  a  valve  on  the  upper  part  of  the  chamber, 


opening  outwards  to  allow  of  the  escape,  at  certain  periods  of  the 
operation,  of  any  steam  or  air  contained  in  the  chamber,  p  is  a 
glass  gauge-ball,  in  communication  with  the  chamber  B,  by  means 
of  a  small  pipe,  wliicb  depends  from  the  top  of  that  chamber  to 
about  one-fifth  of  its  depth.  This  ball  p  is  intended  to  show  the 
diminution  of  the  air  in  the  chamber  B,  by  the  rise  of  the  fluid 
into  it.  r  is  a  small  pipe  with  a  stop-cock,  for  supplying  air  to  the 
chamber  when  required.     A  third  pipe  q  is  connected  with  the 


chamber  B,  an.l  is  iutendL'd  to  furnish  a  fresh  supply  of  water 
from  an  elevated  cistern,  in  order  to  compensate  for  the  fluid  lo-t 
by  leakage. 

GAS  BURNERS. 

JoH.N  Hu\r,  of  Birmingliam,  brass-founder,  for  '■^Improvements 
in  the  comhastion  of  ijas,  oil,  camphine,  and  other  substances  which  ar  e 
or  may  be  liurned  for  the  production  of  tight." — Granted  July  3,  1847  ; 
Enrolled  January  3,  1818. 

Tills  invention  relates  to  the  application  of  caps  or  discs,  made 
of  perforated  metal  or  wire  gauze,  to  the  tops  of  the  chimneys  or 
glasses  of  gas,  oil,  or  other  lamps,  as  shown  at  fig.  1. 

The  second  part  of  the  invention  relates  to  the  manufactuer  of 
argand  burners  and  the  chimney-holders 
attached  thereto.  Fig.  2  is  a  vertical 
section  of  a  burner  and  chimney-holder. 
In  the  ordinary  method  of  making  them, 
the  several  pieces  are  joined  by  solder- 
ing at  the  parts  marked  n,  a  ;  but  the 
patentee  proposes  to  cast  in  one  piece 
either  the  outer  cylinder  6,  and  the  bot- 
tom c,  and  rim  rf,  of  the  glass-holder,  or 
the  inner  cylinder  *>,  and  the  bottom  and 
rim  of  the  glass-holder ;  or,  instead  of 
casting,it  can  be  made  the  sameby  stamp- 
ing from  slieet-metal.  The  completion 
of  the  burner  by  the  addition  of  the 
inner  or  outer  cylinder,  as  the  case  may 
be,  is  effected  by  the  ordinary  process  of 
soldering. 

RAILWAY  BREAK. 

Frederick  Chaplin,  of  Bishops  Stortford,  Hertfordshire,  tan- 
ner, for  "  Improvements  in  wheels  of  railway  carriages." — Granted 
June  29;  Enrolled  December  29,  184.7. 

The  improvements  consist  in  applying  to  the  tyres  of  railway 
wheels  belts  of  hide,  skin,  or  leather,  in  such  a  manner  that  they 
will  come  in  contact  with  the  rails  on  which  the  wheels  travel, 
whereby  the  driving-wheels  of  a  locomotive  engine  will  be  enabled 
to  take  a  firmer  hold  of  the  rail,  and  the  wheels  of  the  railway 
carriages  will  travel  more  slowly  and  with  less  noise. 

Railway  Wheels. — Patented  June  28,  1847,  by  W.  E.  Newton, 
of  Chancery-lane,  consisting  of  a  peculiar  method  of  casting  the 
iron  wheels  for  locomotive  engines  and  railway  carriages,  the 
object  being  to  cool  uniformly  all  parts  of  the  casting  at  the  same 
time,  and  thereby  preventing  fractures  from  irregular  shrinking. 
From  the  time  when  wheels  with  a  chilled  bub  and  flange  were  first 
brought  into  use,  the  difficulty  of  casting  them  has  been  known, 
for  the  chill  sets  and  cools  the  metal  of  the  rim  before  the  spokes 
or  parts  connecting  it  with  the  hub,  and  these,  in  cooling,  shrink, 
and  either  break,  or  become  so  weak  as  to  break  on  the  least 
strain.  To  obviate  this,  the  hub  was  for  a  long  time  made  in  sec- 
tions, to  enable  it  to  open  and  yield  to  the  contraction  of  the 
spokes,  but  this  was  attended  with  a  diminution  of  strength,  and 
the  necessity  of  putting  on  wrought-iron  hoops  or  bands.  The 
patentee  avoids  these  objections,  which  is  effected  by  casting  the 
whole  wheel  in  a  chill,  and  cooling  all  the  jiarts  at  the  same  time, 
and  without  undue  strain  on  any  part.  For  casting  a  wheel  of 
this  kind  a  circular  metal  mould  is  to  be  constructed  in  several 
pieces,  as  shown  in  the  annexed  engraving,  which,  when  put  toge- 


ther, will  leave  an  internal  recess,  or  chamber,  to  receive  the 
molten  metal,  corresponding  to  the  figure  of  the  intended  wheel 
when  complete.  A  quantity  of  molten  metal  being  ]>oured  into 
the  mould,  the  cast  wheel  will  be  produced,  the  inner  face,  flange, 
and  outer  periphery  of  the  felloe  being  chilled  and  hardened  by 
the  cold  metal  surfaces,  against  which  the  molten  iron  has  come  in 
contact,  and  by  which  means  all  parts  of  the  casting,  as  it  cools, 
will  shrink  uniformly,  and  have  no  tendency  to  strain  and  crack. 
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or  separate  one  portion  from  another,  a  is  the  circular  metal 
plate,  and  h  a  metiil  ring,  accurately  iitted  tofrether ;  c,  a  conical 
metal  plujj  forming  a  core,  with  a  feather  d  affixed,  to  form  the  re- 
cess for  the  key  to  fasten  the  wheel  to  the  axle. 

Silvering  Speculums. — Patented  Augusts,  I8i7,l)yT.FLKTCHER, 
of  Birmingham.  It  consists  in  coating  glass,  after  it  is  silvered  with 
metal,  by  the  electrotype  process,  whereby  the  quicksilver  is  pro- 
tected from  injury,  and  a  stronger  power  of  reflecting  light  given  to 
th«  si>eculum.  The  silvered  glass  plate  is  lightly  and  carefully 
coated  on  the  back,  or  sihered  side,  with  a  varnish  composed  of  tw  o 
ounces  of  shellac,  half  a  pint  of  highly-rectified  spirits  of  wine,  and 
half  an  ounce  of  the  best  lamp-black;  this  varnish  protects  the  quick- 
silver from  damp,  and  from  the  acid  used  in  the  subsequent  process. 
Before  the  varnish  is  quite  hard,  shake  over  it  from  a  muslin  bag, 
finely-pulverised  plumbago,  black  oxide  of  manganese,  or  any  other 
metallic  powder, or  cover  it  with  thin  metal, sothat  the  whole  surface 
will  be  covered  with  a  perfect  but  thin  coat  of  metal ;  after  which 
it  is  submitted  to  the  electrotyping  process,  and  by  this  means  a 
thin  coating  of  copper,  or  other  metal,  will  be  precipitated  over 
the  entire  back  of  the  plate. 


Direct  Application  of  Steam-Power  to  Mills. — Patented 
July  29,  1847,  by  J.  Hastie,  of  Greenock.  It  consists  in  the 
application  of  direct  action  of  steam-power  to  turn  mills,  by 
making  the  axis  of  the  crank  of  the  engine  serve  also  for  the  axis 
of  the  mill — whether  the  same  be  vertical  or  horizontal.  The 
shaft  is  provided  with  a  fly-wheel,  which  receives  an  endless  belt 
for  driving  flour-dressing  machines,  and  on  the  shaft  there  is  an 
eccentric  for  communicating  motion  to  the  slide  valves.  When 
two  pairs  of  mill-stones  are  required  to  be  worked  by  the  same 
engine,  it  may  be  effected  by  causing  the  piston-rod  to  pass  through 
both  ends  of  the  cylinder,  and  connecting  it  at  each  end  with  the 
shafts  of  the  upper  mill-stones ;  and,  in  case  it  should  be  at  any 
time  desirable  to  work  only  one  of  the  upper  stones,  the  other  may 
be  disconnected. 

WALLER'S  PATENT  COFFEE-POT. 

This  invention  consists  of  a  vessel  divided  into  two  equal  parts 
by  a  dished  partition  A,  with  the  centre  depressed  and  pierced  by  a 
hole  ;  around  the  edge  is  attached  a  bent  tube  connected  with  a 
cock  B,  forming  a  passage  through  the  strainer  C,  from  the  upper 
to  the  lower  h:jf  of  the  vessel ;  the  strainer  is  finely  perforated 


metal.  Ascending  from  within  a  short  space  of  the  bottom  of  the 
lower  chamber  to  within  nearly  .tbe  top  of  the  upper  one,  is  a 
tube  E,  passing  through  the  centre  of  the  partition  and  perfora1,ed 
plate,  and  which  tube  is  surmounted  by  a  valve  D.  F  is  an  ordi- 
nary spout  communicating  only  with  the  lower  division,  and  fitted 
with  a  ground  stopper. 

The  mode  of  using  the  apparatus  is  this :  the  stopper  being  re- 
jnoved  from  the  spout,  the  water  is  poured  into  the  upper  half  of 


the  vessel,  the  lap  is  then  turned  downwards  to  allow  the  water 
to  run  into  the  lower  half;  when  it  has  done  running,  the  ground 
coffee  IS  ]iut  into  the  top  division,  the  tap  again  turned  horizontallv. 
the  stopper  re-mserted,  and  the  vessel  placed  on  the  fire.  Wlu^ii 
the  rattling  of  the  valve,  and  escape  of  steam  from  under  the  lid 
have  continued  a  few  seconds,  the  cofi"ee-pot  is  to  be  taken  quite 
away  from  tlie  fire  and  allowed  to  stand  about  two  or  three 
™-n"*^^',!  ■V''!'  '*"  *''"'  turned  downwards,  when  the  infusion 
wiU  rapidly  filter  into  the  lower  division,  and  be  ready  for  use 
in  a  beautifully  bright  and  boiling  condition. 

The  princi]ile  of  this  apparatus  will  be  readily  perceived, 
\\  hen  It  IS  placed  on  the  fire,  the  water  in  the  lower  division  is 
loi-ced  by  the  pressure  of  stciim  up  the  central  tube,  lifting  the 
valve,  and  made  to  fall  in  a  uniform  stream,  ot  a  gradual/y  in- 
creasmg  tempmitnre,  upon  the  coff-ee  ;  as  soon  as  all  the  water  aliove 
the  inferior  orihce  of  the  central  tube  has  been  forced  up,  then 
on  y  steam  arises  ;  when  the  vessel  is  removed  from  the  fire  the 
valve  la  Is  into  its  seat,  and  prevents  the  re-entrance  of  air  into  the 
lower  chamber,  after  its  total  expulsion  thence  by  the  steam  ■ 
during  the  period  of  infusion,  the  steam  in  the  lower  chamber  ij 
allowed  to  condense,  and  thus  a  partial  vacuum  is  ijroduced  and 
preserved  for  any  period,  and  rendered  available  for  effecting  rapid 
filtration  whenever  desired,  bv  the  employment  of  tlie  tap. 

From  experience  we  can  state  that  this  little  apparatus  is  one  of 
the  most  useful  domestic  articles  that  can  be  had.  It  produces  the 
most  brilliant  and  fragrant  coffee  in  three  or  four  minutes.  M'e 
should  observe  that  during  the  process  the  vessel  is  quite  closed  - 
consequently,  not  the  slightest  quantity  of  tlie  aroma  of  the  cofl-ee 
IS  dissipated. 


ON  THE  FLOW  OF  WATER. 

Of  the  Union  and  Division  of  Rmmhig  Wafers,  u-ith  the  Lavs  (ff 
their  Increase  and  Diminution.  By  Bernardino  Zendeini,  della 
Citta  de  Ravenna.— (Translated  by  E.  Cresy,  Esq.,  in  his  Evi- 
dence before  the  Metropolitan  Sanitary  Commissioners). 

I.  A  river  which  unites  with  another  does  not  cause  this  latter 
to  rise  in  proportion  to  the  quantity  of  water  which  it  brings,  as 
would  be  the  case  supposing  water  to  be  considered  as  a  solid,  but 
only  increases  the  height  by  as  much  as  the  greater  or  less  velocity 
of  the  influent  or  recipient  may  permit.  On  the  contrary,  if  a 
river  in  the  middle  of  a  canal  be  diminished  by  a  certain  quantity 
of  water,  it  ought  to  be  lowered  proportionally  to  the  velocity  of 
the  canal  of  derivation  and  the  river  froni  which  the  water  is  ab- 
sti-acted,  and  such  an  alteration  ought  to  be  perceived  not  only  at 
the  lower  part  at  the  point  where  the  water  is  added  or  subtracted, 
but  also  in  the  upper.  In  which  law,  however,  there  is  much  ob- 
scurity ;  what  appears  certain  is,  that  both  in  the  case  of  the  union 
and  of  the  separation  that  the  surface  continually  adapts  itself  to 
the  alteration  in  a  regular  progression,  and  although  the  impres- 
sion arising  from  such  an  anomaly  does  not  disturb  the  whole  level 
of  the  river  if  it  runs  over  a  long  course,  it  reduces  the  problem 
to  find  the  point  where  the  disturbed  mixes  and  unites  with  the 
undisturbed  surface  after  following  the  oscillation  of  the  water, 
which  point  in  geometric  rigour  ought  to  traverse  the -whole  length 
to  the  source  of  the  river,  since  it  would  describe  a  regular  curve ; 
but  the  course  of  the  water  encounters  so  many  impediments  and 
obstructions,  that  tliese  laws  do  not  really  obtain.  And  in  every 
river  there  is,  in  fact,  a  point  beyond  which  the  regurgitation  does 
not  take  place.  That,  however,  as  much  as  possible,  we  shall  treat 
of  in  another  chapter,  when  speaking  of  tie  falls  of  riv^s,  of 
their  highest  rise  and  lowest  levels. 

For  the  present  it  will  be  sufficient  to  seek  the  elevation  or  de- 
pression which  will  be  produced  in  a  j-iver  by  the  addition  or  sub- 
traction of  a  quantity  of  water. 

II.  Suppose  A  B  to  be  the  height  of  a  recipient  previous  to  the 
influx  of  another  stream,  let  L  M  be  its  width  in  a  given  section, 
F  G  the  height  of  the  influent  before  the  union,  H  I  its  width. 
Supposing  this  latter  introduced  into  the  recipient,  it  ought  to 
experience  a  certain  rise.  What  will  that  rise  be  ?  Since  the  ad- 
ditional water  ought  to  conform  to  the  width  of  the  section  of  the 
recipient,  conceive  the  height  F  G  of  the  influent  altered  to  that 
of  the  recipient  A  E,  then  the  water  of  the  one  will  have  passed 
into  the  other,  and  since  this  fresh  water  presses  upon  the  other, 
that  of  the  recipient  will  be  obliged  to  lower  its  surface,  and  from 
the  point  A  will  be  brought  down  toC ;  likew  ise  the  point  E  will 
pass  to  D  and  E  D  =  A  C,  and  consequently  B  D  will  be  the  entire 
height  of  the  recijiient  after  the  addition  of  the  influent  waten. 
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Calling  A B  =  rf.     AE  =  ^=CD.     BD=z.     FG  =  h.     HI  = 

n.  L  .M  =  c  The  velocity  of  the  recipient  l)ef()re  receiviiitf  tlie 
influent  II.  Its  velocity  iifter  having?  received  it,  hut  hefore  it 
cimld  exercise  any  pressure  and  reduce  it  to  e(|uililirium  ;  tliat  is 
the  same  wliidi  it  would  h  ive  if  the  water  of  the  influent  ran  in 
the  width  of  the  recipient  =  t,   the  velocity  which   the  recipient 


I  L 

-i    I— 


B 


M 


has  after  the  union  and  after  the  waters  have  equilibrated  in 
their  course  =  7,  and  the  velocity  which  the  influent  had  in  its 
own  level  before  the  union  =  r.  Then  since  the  two  masses  of 
water  of  tlie  influent  and  recipient  in  a  given  and  equal  time  can 
pass  separately  in  tlie  level  of  the  recipient,  they  ought  to  be  able 
to  pass  together  through   the   aforesaid   recipient.      Hence   the 

equation  du  + t  j;  =  q z  and z^'^'"'^'^   first    general    formula; 

now  since  equal  masses  of  water  pass  in  equal  times  both  through 
the  influent  separately  and  through  the  aforesaid  influent  when  re- 
duced to  the  width  of  the  recipient,  we  shall  have  ct  x  z=  abr, 

whence  .r=:  ILL  and  z=  Elji±lAl^  the  second  general  formula 

expressing  the  whole  height  BD;  wherefore  AD,  which  is  the 
whole  increment  produced  by  the  influent  above  the  first  state  of 

the  recipient  will  be  '"^"  +  «&  >"  -  c(^>?. 

cq 
III.  Corollary  1.— If  the  velocity  be  a  mean  proportional  to  the 
height,  we  shall  have  A  P~  ^V'^  +  .^^V^  -d^z  _^_^   ^,,^.^1^ 

reduces  itself  to  z  =  W  (d^ +  2dx  ^y  di:  + ^■')  and  A  D  = 
V('i-^  +  2rf^Vrf^-^')-rf,inwhichx=A!i^,    as    is    ob- 

tained  by  substituting  in  the  formula  ctx  =abr,the  values  of 
<  and  r,  which  are  v'^,V*,  which  value  of  x  if  substituted  for 
that  of  t,  Will  give  the  value  of  A  D. 

IV   Corollary^.— On  the  supposition  of  Castelli  and  of  Barattieri 
that   the   velocity   will   be   as  the    height,    we   shaU    have    j;  = 

'^(ji'l+  «A*)  and  AD=  v(<i<^  +  ^*)-</. 

V.  Corollary  3. — And  consequently  if  u  =  d"' r  =b''  q  =  z"" 

where  m,  n,  <j)  are  numbers  which  may  be  integers  or  fractions  ex- 
pressing any  power  of  the  height  by  the  velocity,  we  shall  have  the 

1 
general  formula  z  =  (d'n+ ^  +  ax  c-'i  b^+^)'P+l^  in  which  x 
being  already  eliminated,  it  only  remains  to  substitute  the  values 
of'/,  «,  c,  b,  taking  the  aforesaid  exponents  as  fixed,  supposino-  z  d 
unknown,  the  aforesaid  formula  will  give  the  general  equation  of 
the  whole  curve  of  the  increment  of  the  river  by  the  addition  of 
the  other  stream,  the  abscissa  uf  which  will  be  ;:;,  the  ordinate  d  or 

more  generaUy  making  u  —  dj,,  r  =  bfi,    q  =  zp,   we  shall  have 


( 


c  d 


and    that    2  *'+/'  = 


and  we  shall  be  able  to  determine  the 


relation  of  s  to  d  in  the  following  manner : — 
p  +m  m 

Letd     f      —b''y;  now  dP-^"'=b'"yP;  weshaUhave  z1'-^P= 
n+  p  —  m 


( 


y  + 


fi  b' 


> 


X  bJn      Construct  the  curve  A  E  expressed 


by  the  equation  d  P  '*'"'  =zb 
TakeB 


y 


p  +  n  —  m 
\  =:a  b —   and  from 


the  point  B  describe  another  curve, 
which  has  for  its  equation  zf^P  — 
n  +  p~m^     p 


( 


y  + 


ab 


■) 


X6" 


Shall  have  D  E  =  d,  C  D  =  z,  and  'he  intercepted  portion  C  E  will 
he  the  increment  required. 

V'l.  Sclwlium  1. — In  the  simplest  case  of  the  velocity  in  propor- 
tion to  the  height,  using  the  first  formula  of  the  preceding  corollary, 

change  this  into  d  d  —  z  z ,  the  equation  of  the  equilateral 

hyperbola  b  A,   of  which  as 

well  the  parameter  b  n  as  the 

,.        ,       ,              2  b   /sj  o, 
diameter  b  m  = — 

wherefore   D  B   will  be  the 

fa      " j/_ ^ ^    height  after  the  union  of  the 

b  B  ivater,  and  B  A  the  height 

wliich     the     recipient     will 

have  on  first  receiving  it.     And  by  the  properties  of  the  equilateral 

hyperbola,    the   square   of   B  A    beintr   equal   to   the   rectangular 

B  m  X  6  B,  tliat  is,  to  the   ditference  of  tlie   squares  D  B,  D  i,  we 

shall  have  analytically  d  d=  z  z ,  which  is  the  equation 

proposed ;  whence  appears  the  method  of  describing  such  a  hyper- 
bola, so  as  to  contain  every  possible  case  of  increment  arising  from 
an  addition  of  water.  And  calculating  with  the  second  formula 
the   two   parabolas   of  the   preceding    corollary,   we   shall    have 


d  d  —  b  y,  B  A  =  -  '  and  z  z  —  b  y-{- 


bb  a 


and  if  for  b  y  we  sub- 

b  b  a 


stitute  its  equivalent  d  d,  we  shall  have  z  z  -  d  d-\ ■,  the 

equation  which  is  found  and  constructed  above. 

VII.  Scholium  2. — If  the  velocity  is  as  the  root  of  the  height, 
the  equation  resulting  from  the  first  formula  of  §  V  will  ascend 
to  the  sixth  dimension  of  the  unknown  quantity,  and  the  progres- 
sion will  be  c->  z"—2  a-  b'  cc  z"  -\-  a*  b'^  -2  C  d'  z'  —  2  a"  c- 6^  d'^ 
-\-  c'  d"  =  0,  which  does  not  transcend  the  limits  of  a  cubic  equa- 
tion ;  but  with  the  second  formula 
ba 


9 


=  5  we  shall  have 


z^ 


(»+vV 


X  b; 


P        P       P 
and  supposing  d'  =  b  y\  A  E  will  be  the 


parabola  expressing  the  aforesaid  equation,  and  B  C  that  of  s'  = 

(   y  -\ )"  X  6,  without  otherwise  embarrassing  itself  in  the 

resolution  of  the  aforesaid  equation,  already  sufficient  complicated. 
VIII.  The  converse  proposition  to  §  II.  deduced  from  the  for- 
mula there  enunciated,  which  gives  the  height  of  a  river  from 
which  a  quantity  of  water  is  deducted,  to  find  the  section  of  a 
canal,  such  as  shall  dischauge  the  same  quantity  of  water,  and 
whose  height  B  D  shall  descend  to  B  A.  The  equation  cq  z  = 
c  d  u-\-  a  b  r  is  then  changed  into  a  b  r  —  c  q  z  —  c  d  u,  which 
solves  the  problem.  Let  it  be  required  to  diminish  it  by  such  a 
quantity  of  water  as  may  have  to  the  first,  before  the  subtraction, 
the  ratio  of /to/),  whence  we  shall  have  the  analogy  cq;!  '.  cd  u;;t ;  p, 

by  makingr=6»,andM=dm,and  wehave6=  ( -X — -Xd'"'^     J^Tl 

whence   we  deduce   the  height  of  the  canal  of  deduction  d  = 

(  -Xr^-X  b        Jm  +  l  formula,  which  denotes  the  height  which 

that  river  from  which  the  water  has  been  subtracted  will  have 
acquired  after  such  deduction. 

If  the  water  of  a  river  be  diminished  by  a  given  height  after  the 
canal  or  derivation  be  opened,  and  the  height  of  the  effluent  b  is 
noted,  required  its  breadth  a.  Let  the  first  height  before  the  de- 
duction be  to  the  second,  after  the  latter  has  taken  place,  as  e  to/; 

d  e 
hence  z  :  dy,e  : /whence  z  =i—r .     Therefore  by  substituting  this 

value  in  the  general  formula,  since  we  have  already  r  =  6 ",  3  =«  '', 
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and  u  =  rf™,  the  equation  will  be  reduced  to  the  following  -,0  =  0 

s ; .  in  which  a  and  a  are  the  unknown 

ftp+  1  0  n  +  1  ' 

quantities,  and  f,/,  b,  z,  the  ^iven  quantities  ;  or  else,  if  a  certain 
breadth  be  given,  and  the  heiglit  remains  unknown,  we  shall  have  6  = 

e9-+lrf-P+I-/»^-lrf»'  +  ^     1    _     Now  in  the  case  of  hori- 

zontal,  or  nearly  horizontal  streams,  the  canal  of  derivation  being 
open,  whose  bottom  regulates  also  the  height  of  the  water  of  the 
river  ;  that  is  to  say,  the  portion  which  acts  to  produce  the  greater 
or  lesser  quantity  which  it  deducts,  the  other  remaining  inactive 
in  regard  to  such  a  canal  of  derivation,  the  formula  will  be  d  = 

IX. — Corollary  1.  In  the  second  formula  of  the  preceding  para- 
graph let  m  =  re  =  1  we  change  it  to  d  =  6  X  a/ 


-in  which 


el  —  c  p 

if  /  =  4000,  p  =  3500,  numbers  expressing  the  quantity  of  water 
which  passes  through  a  given  section  of  the  river  both  before  and 
after  the  subtraction  of  the  water,  6  =  10  feet,  a  =  200  feet,  c  =  300 
feet,  performing  the  proper  operation,  the  logarithm  of  rf  = 
1-334.503-t  answering  to  21ig?sj{.     The  value  of  the  lirst  height  be- 


fore the  diminution  will  he  z  = 


-,  where  d  being  known,  all 

feet. 

X. — Corollary  2.  Making  m  =  jt  =  ^,  which  is  the  case  of  Torri- 
celli,  Mariotti,  and  others,  transmuting  the  aforesaid  second  for- 
aa pp  J         d'i\/ 1 1 


mula  into  rf  =  6  'j/ 


and  z  : 


substituting  the 


cc{l-py  "Wpp" 

proper  quantities  and  placing  the  values  of  the  quantities  I,  p,  b,  a,  c, 
as  above,  the  logarithm  of  z  =  1-4846658,  the  number  to  which  is 
30"i"j^,  from  wliich  it  appears  that  if  the  river  be  lowered  by  the 
water,  diminished  by  the  effluent  so  that  the  first  height  shaU  be 
to  the  second  after  the  diminution  as235"fj^,"j  to  21.]j?§3l,  the  quantity 
which  passes  through  a  given  section  below  the  point  of  diminu- 
tion, before  the  water  is  subtracted,  will  be  to  the  quantity  which 
passes  through  the  same  section  after  the  water  is  subtracted  as 
40  to  35  in  the  first  case,  and  the  height  in  the  second  case  as 

QA  75416    +n  O7Mfl407 

XI.  Corollary  3.  Taking  the  third  formula  of  the  preceding 
paragraph,  in  which  we  have  supposed  e,/,  d,  6,  c  given,  making 
n,  (p,  m  =  1,  by  the  hypothesis  of  Castelli,  let  us  seek  the  width  of 

■//). 


the  canal  of  derivation. 


We  shall  have  o  =:    ^  „  x  ^ 

//  bb 


Suppose  e  :/: :  9  :  8,  rf  =  20,  6  =  18,  e  =  300,  the  logarithm  of  a  = 
1'9929051,  corresponding  approximatively  to  the  number  98,  of  so 
many  feet  will  be  the  widtli  of  the  canal  of  derivation,  that  the 
first  height  may  be  to  the  second,  after  the  water  is  diminished,  as 
9  to  8  ;  but  on  the  supposition  that  m,  n,tp  =  ^,  will  be  the  formula 

,  ,^  cd^d    (et/e — f's/f)        ,    ,     , 

changed  to  o  = x  ^    *^   . — ,  ,        \  and  the  logarithm  nearest 

fV/  0  a/  b 

to  a  will  be  1-8900925,  whose  nearest  number,  78,  will  be  the  width 
required. 

XII.  Corollary  4.  Using  the  general  formula,  s  = ' 

to  obtain  the  residual  height  of  a  river,  after  a  certain  quantity  of 

c  q  z  — a  b  r 


water  has  been  subtracted,  we  shall  have  d  = 


Now 


by  substituting  for  g,  r,  m,  their  respective  values  «"'',  b  ,  d  ,  we 


shall  have  d  —  l'^ 


-(• 


~'P+  1 


■ab' 


S  +  l\      1 


1 ;  if  then  9,  S,  m  will  be 


equal  each  to  5,  we  shall  have  the  equation, 
2  (}■  i'  rf^  „       „  _,,  _ ,      2  a'  6' 


'do 


-2d3; 


^    a* 


6« 


=  0. 


C  -  c'  ■     c^ 

Or  if,  for  greater  simplicity,  we  reduce  it  to  the  following  expres- 


2  zc  m-  \/  b  z 


abb 


'): 


X  a^'  j  ;  and  since  x  = 


b^  y/  aa, 
'  \/  c  0 


sion,  d  =:  'V  (  ~' 

we  shall  have  d  =  (  W'^^-'-^o^^bj^^^bz  +  aab^y 
XIII.  Corollary  5. — Using  the  preceding  formula,  in  which  we 


have  constructed  two  parabolas,  according  to  what  has  there  been 
laid  down, 

abPjtl' 


p  +  m 


<p+;) 


p  +  n 


p  +  m 


<t>+p 


c  d  p 
now  d 


=  c  z  p    —  ab   p    ,  and  thence  d  p     =z  p         c        P 

I       ip  +  P        ubp  +  n\p  ,  ,.  <J>  +  B  m 

p  +  m  —  I —   1        and  making  ;;  — -  r=b-l/ 

we   have,   making   the  necessary  substitution  d  P'*'"'  = 

(  y  -) „       /     X    "■.     Now  let  B  C  be  the  curve  whose  equa- 

„  ^p  +  n-m 
Wonis  z'^*P=:b"' yp.   TakeBA^ —     p       ,  and  from  the  point 

A  describe  another  curve  A  E,  expressed  by  the  equation  d^  + '"  = 

/  nbP'^"~'^\P 

[y — 'J< — /     X  6*",  we  shall  have  D  E  =  d,  C  B  =:  ^,  and 

C  E  the  required  difference  of  height. 

XIV.  Scholium  1. — We  shall  give  some  examples  of  the  fall  of 
the  surface  of  rivers,  produced  by  derivative  canals,  as  tliey  liave 
been  called,  and  these  examples  will  be  taken  from  the  Adige, 
which,  as  is  known,  affords  many  such,  and  on  which  I  had  cause, 
at  various  times,  to  make  several  observations  for  its  general  regu- 
lation.    It  was  found 

1st.  That  the  Bova  della  Badia,  in  flood  time,  measures  10.7.4 
Venetian  feet,  or  1528  lines,  above  the  sill;  a  its  breadth  is  12^ 
feet,  or  1800  lines.  The  reduced  height  of  the  Adige,  opposite  it, 
at  flood  time,  was  11.3.1,  or  1621  lines,  being  402  feet  wide,  or 
57888  lines;  now  l)y  a  preceding  rule,  §  VI.,  in  wliich  we  supposed 

1      •  b  \/  a 

the  velocity  as  the  height,  having  x  ;r: — - — =  269,  and  conse- 
quently d  =  V  (^  *""  •'^'')  ^  I'^^^i  which  being  subtracted  from 
the  height  of  the  Adige  before  the  diminution,  there  remains 
23  lines,  that  is  1  inch  11  lines  for  the  required  diminution. 

2nd.  At  the  mouth  or  sluice  of  the  Sabbadina  we  found  that 
»=r  19.1.11,  or  2759  lines;  6  =  9.2.11,  or  1231  lines  ;  a  =  27ifeet, 
or  3960  lines ;  c  =  2280  feet,  or  30240  lines,  whence  x  =r  554  and 
d^  i\/  {z  z  —  xx)  =  2703,  which,  deducted  from  2759,  the  first 
height,  gives  56  lines  or  4^  inches. 


3rd.     At  the  sluice  of  the  New  River,  when  it  was  of  wood,  it 
was    found     that   z  ~   10.8.4  =  1480    lines,  b  —  4.10.8  =  704 


us 
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liiiep,  fl  =  CO  feet  =  8640  lines,  r  =  318  feet  =:  45792  lines,  and  .r 
:=  3(Ki,  and  d  ^  1441,  giving  2|  inches  for  the  diminution  of  the 
Adige. 

4tli.  At  the  Fossa  Bellina  which  is  the  lowest  of  the  derivatives 
with  respect  to  the  sea,  it  was  found  that  z  =  10.11.8=  1580  lines, 
h  =  4.4.2  =  626  lines,  a  =  60  feet  =  8640  lines,  c  =  258  =37512 
lines.  Whence  ,r=  301  and  d=  V  ("^ -•»'.»)  =  1531,  which 
suhtracted  from  1580,  leaves  29  lines  for  the  diminution  of  the 
Adige,  that  is  2  inches  and  5  lines. 

5th.  But  at  Castagnaro,  which  is  the  first  and  farthest  from  the 
sea  of  all,  it  was  found  that  i-=  14.2.10  =  2050  lines,  h=  1491 
lines,  ff  =  35064  lines,  e  =  95040  lines  ;  dimensions  taken  above  the 
two  falls  on  each  side  of  the  Cunetta,  wliicli  remains  in  the  middle, 
the  result  of  which  calculated  separately  will  be  .r  —  250  lines  and 
d  —  1816  lines,  a  sum  which  diminished  by  2050  lines,  leaves  234 
lines,  or  1.7.6,  for  the  diminution  of  the  Adige  at  tlie  flood  time, 
by  reason  of  the  diversion,  which  tlie  two  falls  are  able  to  produce 
on  each  side  of  the  Cunetta.  Calculating  then  the  diminution  of 
this,  we  have  z  =  2050  lines,  b  =  2127  lines,  a  —  3816  lines,  c  = 
95040  lines,  as  above,  whence  d  —  nearly  2000  lines,  whicli,  sub- 
tracted from  2050,  leaves  50  lines,  or  4  inches  2  lines,  wherefore 
we  have  for  the  whole  diminution  of  the  Castagnaro  1.11.8,  or 
within  4  lines  of  2  feet. 

XV.  Scholium  2.  The  celebrated  Abbate  Guido  Grandi,  mathe- 
matician of  the  Grand  Duke  of  Tuscany,  in  his  treatise  on  the 
motion  of  water,  professes  "that  if  two  horizontal  rivers,  LG,  FG, 
moved  with  a  velocity,  I  G,  G  K,  be  united  in  one  trunk,  whose 
velocity  and  direction  will  be  G  H  ;  and,  on  the  other  hand,  sup- 
])Osing  the  said  trunk  H  G,  has  the  \elocity  H  G,  it  ought,  with 
the  retrograde  motion  to  divide  itself  into  two  branches,  G  L,  G  F, 
they  will  not  regain  the  velocity,  I  G,  KG,  equal  to  the  first,  unless 
the  angle,  LG  F,  be  a  right  angle,"  the  which  being  different  from 
what  we  liave  before  established,  we  are  obliged  to  e.\amine, 
according  to  our  power,  the  foundation  on  which  the  aforesaid  pro- 
position rests.  Grandi  resolves  the  total  velocity,  G  H,  which 
arises  from  the  two,  G  K,  G  I,  by  means  of  the  complement  of  the 
parellelogi-am  with  the  two  lines  expressing  the  force,  H  E,  G  E, 
of  which  H  E  is  the  perpendicular  let  fall  on  G  K  produced  ;  but 
if  conversely,  says  he,  the  trunk,  H  G,  he  resolved  into  branches, 
whose  velocity  shall  not  be  the  same  as  on  entering  the  trunk,  it 
may  be  greater  or  less,  and  will  only  be  equal  in  the  case  when  the 
angle,  L  G  F,  is  a  right  one.  Tlie  direction  of  the  velocity,  G  H, 
resulting  from  the  conjunction  of  the  two  laterals,  G  I,  G  K,  is 
exactly  what  all  staticians  have  laid  down.  To  have  a  clear  proof: 
on  the  line  GH  raise  the  perpendiculars,  K  S,  Irp,  and  the  velocity, 
G  K  will  be  obtained,  resulting  actually  from  the  two  G  5,  sK,  and 
the  velocity  G  I,  in  the  two  others,  G  <p,  <p  I,  of  which  K  6,  ^  I, 
nowise  contribute  to  the  progressive  motion,  but  only  G  5,  G  t, 
tlien  G  8  -|-  G  ^  are  equal  to  G  H,  as  is  more  easy  to  demonstrate ; 
then  each  quantity  denotes  really  the  velocity  with  which  the 
water  in  the  trunk  moves  after  receiving  the  influents,  and  it  is  to 
be  noted  that  the  prevalence  of  one  perpendicular  K  B,  above  the 
other  I  (p  will  only  oblige  the  brancli  to  bend  a  little  from  its 
course.  Wherefore  the  illustrious  author  then  considers  the 
converse  of  the  proposition,  tliat  is,  wlien  the  trunk  passes  into 
the  branches,  to  resolve  the  velocity,  H  G,  into  two,  H  E,  E  G,  and 
.says,  tliat  in  G  F  the  water  will  run  with  the  velocity  GE,  greater 
by  the  acute  angle  than  G  K,  the  which  will  be  true,  whatever  bend 
ajid  through  whatever  arm,GE,  all  the  water  of  the  trunk  may  flow, 
whilst  H  G  does  not  express  all  the  velocity,  the  same  quantity  not 
going  through  G  E,  which  did  when  G  F  was  considered  as  an 
influent,  it  results  that  H  G  ought  to  resolve  itself  in  another 
.shape  than  tliat  which  is  tlie  case,  that  is,  considering  G  (p  by  the 
velocity  G  I,  and  G  5  by  the  velocity  G  K,  wlience  the  original 
velocity,  G  K,  G  I,  in  the  two  canals  respectively,  will  be  precisely 
restored,  now  reputed  as  difl'erent  branches,  G  F,  («  L  ;  whence  the 
conversion  of  the  influents  into  diffluents  will  not  change  the 
velocity ;  in  either  case  it  will  be  retained,  provided  it  be  not 
■changed  by  any  external  circumstance. 

■XVI.  Sclwlhim  3. — I  think  it  would  not  be  superfluous  to  give 
an  example  of  the  increase  of  height  vvliicli  a  ri\er  really  acquires 
from  the  reception  of  another.  We  will  supjiose  the  velocity  a 
mean  proportional  of  the  height,  using  the  preceding  formula 
z  —  ^V  (<''  +  2rfj7  j/  rf.r  -)-  a^).  The  average  deptli  of  the  section 
of  the  recipient  =  3962  lines  =  d,  its  breadth  115200  lines  =  c. 
The  true  section  of  the  recipient  is  figured,  in  which  A  and  B 
-denote  the  profile  of  the  hanks,  C  the  bottom,  D  E  the  surface  of 
the  water,  P  F  the  average  depth  ;  the  next  figure  is  the  section  of 
the  influent  in  which  the  shoal  E  H  appears  much  more  elevated 
tlian  the  bottom  I  and  B  M  S  the  surface.  The  better  to  adapt  it 
40  jH-aotice  and  calculation,  I  shall  divide  ttie  section  into  several 


jiarts,  reducing  them  one  by  one  to  the  section  of  the  recipient, 
wliich  then  added  together,  gives  tlie  amount  of  increase.     In  the 


section  of  the  influent,  D  E  H  I  L  N  RT,  DE  denotes  the  right 
bank,  R  T  V  the  left,  B  H  the  bottom  of  the  shoal  at  the  toe  of 
the  riglit  bank,  L  N  11  the  bottom  on  the  left  bank,  and  H  I  L  the 
bottom  of  the  influent.  The  portion  B  F  E  must  be  considered  of 
the  mean  height  3.0.4,  that  is  taking  half  E  F  by  reason  of  the 
triangle  BFE  or  B  A  E,  the  base  BF  is  11  feet,  or  1584  line.s, 
wherefore  performing  the  necessary  operation,  we  shall  have  z 
—  3963  lines,  from  which  subti-acting  3962  lines,  the  average  height 
of  the  section,  there  remains  one  line  for  the  increase  of  that 
portion  B  F  E.  Likewise  through  the  portion  F  G  H  E,  17  feet 
wide,  and  6.0.9  feet  high  =  873  lines,  we  shall  have  z  —  3968  lines, 
from  which  subtracting  3962  lines,  there  remains  6  lines  for  the 
increase  of  the  recipient  in  height  by  reason  of  the  aforesaid  ad- 


dition. G  H  I  L  M  will  have  a  mean  height  of  13.5.3  =  1935 
lines,  and  a  width  of  126  feet=  18144  lines,  whence  .c=  4102  lines, 
and  this  third  increment  will  be  11  inches  8  lines.  M  L  NO  formed 
by  the  left  lower  shoal  will  have  a  mean  height  of  1333  lines  and 
100  feet  14400  lines,  whence  z  will  be  4026  lines,  and  the  heiglit 
required  for  the  increase  caused  by  its  addition  5^  inches.  The 
shoal  O  N  S  R  is  26  feet  =  3744  lines  wide,  and  the  mean  depth 
3  feet  6  inclies  3  lines  =  507  lines,  and  z  =  3966,  giving  4  lines 
tor  the  increase.  Finally,  the  portion  comprising  the  escapement 
of  the  bank  may  be  considered  8  feet  wide,  and  1.9.1.  Its  reduced 
height  not  giving  any  sensible  increase,  collecting  together  all  the 
aforesaid  measures,  we  shall  have  the  total  increase  of  1  foot 
5  inches  1 1  lines. 

XVII.  Scholium  4. — According  to  what  is  registered  in  the  visi- 
tation of  tlie  Po  and  Reno  made  in  1693,  by  Cardinal  d'Adda  and 
Barberini,  to  calculate  the  increase  produced  in  the  Po  by  tlie 
addition  of  the  Reno,  it  will  be  necessary  only  to  use  tlie  ]>receding 
formula,  as  likewise  to  find  the  same  effect  at  the  general  visitation 
of  1720.  Taking  the  data  of  1693  aforesaid,  supposing  the 
a\erage  height  of  the  Po  without  the  Reno  at  Lagoscuro  31  feet 
=  372  inches,  the  height  of  the  Reno  at  the  pass  of  Annegati, 
that  is  6  =  9  feet  =  108  inches  ;  the  width  of  the  Reno  there  189  = 
a  =  2261  inches;  the  width  of  the  Po  at  Lagoscuro  760  feet  =  c 
=  9120  inches,  where  ,r  =  3  feet  6  inches,  rf^  =  51478848  ;  2  dj;  \/ 
d,r  =  3906000  and  ar'  =;  74088  numbers,  which  added  together  make 
55458936,  whose  logarithm  is  7-7439015,  which  divided  by  3,  to 
obtain  the  cube  root,  gives  log.  2-5813005,  the  number  to  wliich  is 
381  yVsli ;  «'"''  since  the  fraction  answers  to  4  lines,  if  372  is  sub- 
treated  from  381.4,  there  remains  9  inches  4  lines  for  the  increase 
required  according  to  the  aforesaid  supposition. 

XVIII.  Scholium  5. — In  a  report  presented  by  Guglielmini  at  the 
time  of  the  visitation,  and  which  was  registered  in  the  Acts  of  it, 
and  printed  in  the  Florence  collection,  in  wliich  he  calculates  the 
rise  at  8  inches  9  p.  only,  but  the  difference  between  us  arises  from 
his  having  taken  the  nearest  numbers  neglecting  fractions.  Eustace 
Manfredi,  in  answer  to  Giovanni  Ceva,  says  in  reply  to  the  other 
proposition,  "  To  say  truly  we  shall  find  that  the  9^  inches  found 
by  Ceva,  is  one  inch  more  than  what  results  from  the  former  cal- 
culation of  Guglielmini,  and  that  by  a  small  error  of  a  fraction," 
&c.  [See  JManfredi's  notes  to  Guglielmini's  book  on  the  nature  of 
rivers.] 

XIX.  SclioUum  6. — In  all  the  above  examples  we  have  supposed 
for  the  calculation  of  the  velocity  that  it  is  either  a  direct  or  mean 
proportional  to  the  height  of  the  water,  and  that  so  as  not  to 
difter  from  what  has  been  laid  down  frequently  by  many  renowned 
authors  ;  and  also  to  give  a  proof  of  the  manner  of  employing  the 
formula  we  have  discovered,  when  greater  precision  is  required, 
the  velocity  must  be  found  by  an  instrument  (the  hydraulic  pen- 
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ilulum),  and  the  formula  useil  which  we  have  given  in  a  preceding 
chapter.  It  is  possible  tliat  in  some  cases  we  may  not  be  able  to 
employ  the  rules  above  referred  to  for  the  velocity  without  making 
great  errors;  thus  to  seek  out  the  truth  as  unequivocably  as  pos- 
sible, in  cases  of  much  importance  it  is  well  to  calculate  by  many 
different  methods,  observing  the  difference  resulting  fi-om  eacli  to 
determine  afterwards  the  most  probable. 


FRENCH  RAILWAYS  AND  FRENCH  REVOLUTIONS. 

At  length  the  time  has  come  when  the  French  are  awakened  to 
the  truth  about  their  railway  undertakings.  There  were  very  few 
who  withstood  the  plan  of  government  interference;  it  was  thought 
quite  right  that  the  government  should  take  charge  of  the  rail- 
ways, and  private  enterprise  was  crushed.  We  say  crushed,  be- 
cause it  had  not  free  play,  and  because  the  concession  system  was 
a  clog  on  those  lines  which  were  left  in  the  hands  of  shareholders. 
France  is  behind-hand  with  her  railways:  private  enterprise  when 
most  wanted  is  dead,  and  the  finances  have  been  upset  by  the 
wasteful  manner  of  making  the  government  lines.  M.  Garnier 
Pages,  the  new  Minister  of  Finance,  says  this  plainly,  and  names 
among  the  causes  of  financial  embarrassment  those  great  jobs,  the 
government  railways,  made  for  placemen  and  not  for  the  country. 
Thus  a  burden  is  put  upon  France,  which  she  will  very  much  feel, 
for  taxation  is  at  all  times  burdensome  to  the  people,  but  always 
most  in  their  times  of  greatest  need.  It  was  wrong  that  railways 
should  be  made  by  loans  and  taxes  ;  but  it  was  still  more  wrong, 
when  the  private  enterprise  of  France  was  in  its  childliood,  to  take 
away  from  it  the  food,  as  it  were,  of  growth.  France  has  always 
been  backward  in  such  public  woi'ks,  and  when  there  was  a  fair 
chance  of  getting  the  French  to  take  shares  in  railways,  they  ought 
to  have  been  put  forward  instead  of  being  kept  back.  It  has  not 
been  so,  and  France  is  burdened  with  the  government  railways, 
and  the  springs  of  private  undertakings  are  broken  up  and  can  do 
nothing,  when  France  wants  tliem  most. 

If,  however,  the  late  government  struck  a  great  blow  at  joint- 
stock  undertakings,  the  future  government  holds  out  no  liope,  for 
with  the  growth  of  socialist  ideas,  shareholders  are  frightened  as 
to  what  may  be  their  share  in  anything  they  may  undertake.  The 
working-man  comes  in  now,  and  asks  for  his  share  in  the  newly- 
opened  lines,  and  though  it  may  be  small  at  first,  it  may  be  very 
much  afterwards,  or  it  may  be  all.  Railway  undertakings  are  not 
those  where  this  plan  can  be  best  tried,  for  the  clerks  and  work- 
men have  no  very  great  means  of  making  the  traffic  greater ;  for 
when  a  railway  is  made,  the  bulk  of  the  traffic  flows  upon  it,  and 
though  it  may  be  nursed,  yet,  as  we  have  said,  the  underlings  can  do 
but  little  for  it.  Tlie  shareholder  does  the  most  in  making  the 
line,  and  the  working  does  not  much  want  the  care  of  others. 

What  may  be  the  end  to  English  shareholders  in  French  rail- 
ways we  cannot  undertake  to  say,  but  whatever  may  befall — if  in- 
deed all  they  hold  now  should  be  lost,  there  will  be  no  loss  on  the 
whole,  because  the  sale  of  shares  to  the  French  in  1845  and  1816, 
will  more  than  make  good  whatever  may  be  lost  hereafter.  On 
the  first  stake  in  Frencli  railways,  the  English  made  enough  to  make 
good  their  old  stock,  so  that  what  they  have  left  is  only  their  gain. 
It  may  be,  tliat  so  far  as  some  are  bound  up  in  French  shares,  they 
may  be  losers ;  but  most  of  the  holders,  as  we  have  said,  have  made 
themselves  safe.  If,  too,  we  take  the  income  which  has  been  had 
on  the  old  stock  and  put  by,  there  must  be  more  than  enough  to 
meet  any  loss.  We  wish  the  shareholders  were  as  well  off  in 
Flanders,  but  there  the  railways  are  only  half  made,  no  income  lias 
been  had  from  them,  very  few  shares  have  been  sold,  and  there  is 
little  hope  of  a  sale  to  the  Flemings  or  the  French.  Therefore,  so 
far  as  French  railways  go,  there  is  no  room  for  the  outcry  that 
English  gold  has  been  wasted  abroad. 

If  there  be  no  loss  to  the  English  in  the  end  on  French  shares, 
the  French  themselves  will  lose,  for  there  will  be  a  withdrawal  of 
that  help  which  the  English  have  given,  and  which  has  made  and 
worked  the  few  French  railways  now  open.  At  a  time  when  the 
French  government  must  give  up  railway  making,  when  Frencli 
shareholders  are  liorne  down  by  heavy  losses  and  cannot  make  the 
railways  themselves,  the  French  cannot  look  abroad,  for  the  trust 
of  the  foreign  holders  is  broken.  However  right  it  might  have  been 
to  give  the  workmen  a  share  in  the  income  of  the  Great  Northern 
Railway,  and  however  needful  it  may  have  been,  yet  this  step  is 
the  deed  of  the  chairman  alone,  without  one  word  from  tlie  share- 
holders whose  income  is  handed  over.  M.  de  Rothschild,  in  taking 
this  step,  has  taken  it  in  haste ;  and  it  looks  more  like  giving  in  to 


fear,  than  making  a  fair  and  careful  bargain  between  the  share- 
holders and  the  workmen.  No  one  can  help  seeing  that  fear  of  the 
Communists  wrouglit  upon  M.  de  Rothschild,  for  it  was  not  enough 
to  hold  out  the  liope — they  would  not  trust  to  that,  he  had  to  give 
at  once  all  that  they  wanted.  Every  one  will  feel  that  when  they 
ask  again,  and  ask  more,  it  must  be  given  :  tlie  Communists  are  to 
ask,  and  the  sluireholders  to  yield.  If  the  stake  the  shareholders 
have  lately  had  be  too  mucli  for  them,  so  that  they  now  have  may 
be  held  to  be  too  much ;  it  is  not  left  to  the  sliareholders  to  say 
what  is  right— they  have  not  even  to  make  a  bargain  :  the  Com- 
munists have  the  might,  and  they  have  the  right,  and  if  they  say 
five  in  the  hundred  is  too  much,  the  shareholders  must  give  way. 
It  is  very  true  that  lately  the  income  of  the  holders  in  stocks  and 
savings  banks  has  been  raised,  but  this  only  lays  a  heavier  weight 
on  France,  and  the  day  must  soon  come  when  these  burdens  will 
have  to  be  lightened.  Then  it  will  be  said,  holders  in  savings  banks 
take  so  much,  stockholders  take  so  much — railway  shareholders 
must  do  the  like.  On  these  grounds,  the  holders  here  will  be 
frightened,  and  will  take  no  share  in  any  new  railways,  whatever 
the  wants  of  France  may  be. 

If  the  late  government  of  France  had  upheld  joint-stock  under- 
takings, there  would  have  been  a  better  knowledge  of  them,  and 
the  new  government  would  liave  been  more  careful  of  meddling. 
They  would  have  looked  to  them  as  a  help  and  a  stay  when  so 
many  in  France  are  out  of  work,  and  they  would  have  found  in 
them  the  best  way  of  making  the  wealthy  give  food  and  work  to 
the  poor.  A  tax,  however  mild  on  the  whole,  can  never  fit  itself  to 
the  means  of  evei-y  one;  the  golden  mean  will  be  broken — on  one 
the  tax  will  fall  lightly,  another  will  sink  under  it.  A  joint-stock 
share  undertaking  is  a  free-will  loan,  or  a  tax  made  by  a  man  him- 
self, knowing  his  means,  and  taxing  himself  to  the  utmost  in  the 
hope  of  gain  hereafter.  There  is  no  fear  of  a  man  putting  down 
too  little,  there  is  no  fear  of  smuggling  or  shifting  from  under 
the  yoke.  A  loan  raised  for  railway  works  partakes  of  this  in 
so  far,  that  each  gives  as  his  means  allow  ;  but  the  hope  of  gain 
is  not  so  strong  to  draw  liim  on,  while  he  is  not  the  master  of 
his  own  money,  it  is  not  laid  out  under  his  own  care,  it  wants 
the  eye  of  the  master.  It  is  on  these  grounds,  as  much  as  any- 
thing, that  we  uphold  joint-stock  undertakings  in  England;  they 
bring  to  bear  not  only  the  money  of  the  people,  but  their  skill  and 
powers  of  mind ;  and  we  shall  grieve  whenever  in  this  country 
joint-stock  undertakings  shall  be  given  over  to  the  government, 
as  Mr.  Morrison  and  his  followers  have  been  so  earnest  that  they 
should  be.  What  the  French  did  led  them  on,  but  we  hope  they 
are  cooled  by  what  has  lately  happened  there;  though  we  are  not 
so  strong  in  our  belief  that  the  goxernment  will  leave  off  meddling 
while  berths  can  be  found  for  their  many  greedy  hangers-on. 

The  turning  out  of  France  of  the  English  workmen  need  not 
give  us  any  sorrow,  though  it  will  do  France  no  good.  It  is  neither 
more  nor  less  than  self-slaughter  by  the  French.  Why  did  Eng- 
lish workmen  go  there  ?  Not  as  wanderers  seeking  a  livelihood, 
not  like  the  Swiss  and  others  who  crowd  to  Paris,  and  earn  bread 
which  Frenchmen  might  earn ;  but  they  have  been  asked  to  go 
there — they  have  been  sought.  English  skill  and  English  know- 
ledge were  wanted  for  French  railways,  French  power-looms,  and 
French  engine  works.  Tliere  were  no  Frenchmen  to  do  tlie  work, 
and  Englishmen  were  brought  over  to  teach  them.  So  far  from 
the  English  doing  as  the  Swiss — working  under  the  French,  taking 
away  their  livelihood,  or  shortening  their  earnings— the  English 
have  been  always  paid  higher  than  the  French,  and  have  followed 
new  callings  in  which  no  Frenchmen  came  in  their  way,  while  they 
have  given  help  to  the  others  by  teaching  them  trades,  which  they 
did  not  know  before.  The  power-looms  and  other  weaving  and 
spinning  works  of  the  north  of  France  have  been  set  up  by  the 
English,  and  carried  on  by  English  foremen ;  and  thus  the  French 
have  been  brought  into  the  market  against  us.  The  English  fore- 
man is  to  be  found  all  over  Europe,  not  because  he  is  liked,  but  as 
they  cannot  do  without  him.  This  not  in  France  only,  but  in 
Flanders,  Holland,  Germany,  Italy,  and  Spain. 

The  withdrawal  of  English  masters  and  English  workmen  from 
France  is  a  blow  struck  at  France,  and  not  at  us.  Instead  of 
Frenchmen  fighting  us  with  English  weapons,  tliey  must  take  to 
their  own,  and  be  beaten  as  they  were  before.  We  do  not  believe 
that  this  swarm  of  Englishmen  abroad  did  us  the  least  good.  They 
mostly  laid  out  in  France  what  they  made  there — they  seldom 
brought  anything  back;  and  if  we  had  not  to  keep  the  few  thousands 
who  lived  there,  still  we  must  have  lost  by  the  Englishmen  put  out 
of  work  at  home,  who  if  they  had  to  deal  with  the  French  only 
would  have  beaten  them,  for  after  all  the  English  are  far  better  in 
all  the  higher  work.  We  shall  have  so  many  men  brought  home, 
and  we  sliall  have  to  keep  them :  it   will  be  most  likely  by  our 
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takiiifr  trade   from   the  Freneli,  perhaps  by  sending   goods  into 
France  itself. 

The  French  have  a  great  fear  of  our  trade,  they  believe  that  we 
sway  the  world  hy  our  trade,  and  they  wish  to  wrest  it  from  us — 
they  hefjin  the  strugirle  hy  throwing  aside  their  best  weapons.  To 
be  great  in  trade,  France  should  draw  money  and  skill  from  the 
whole  world  ;  it  sliould  have  clu)sen  and  ]iicked  men,  whether  from 
France  or  abroad.  It  should  he  the  star  to  which  men  of  mind 
and  skill  should  look,  as  shining  with  the  best  hope  of  reward.  The 
Mow  dealt  at  the  Enp:lish  strikes  elsewhere.  It  is  not  only  the 
Englislmian  wlio  is  forljidden  to  take  his  stock,  his  knowledge,  and 
his  skill  to  France,  but  it  is  every  man  wlio  is  willing  and  ready  to 
do  so.  The  Italian,  the  Spaniard,  the  German  is  forbidden,  and 
shut  out  as  much  as  the  Englishman.  France  is  shut  against  the 
world  as  much  as  China  was, — there  is  no  held  for  any  but  French- 
men. 

^ye  wish  we  could  speak  more  hopefully,  that  we  could  cast  a 
brighter  look  on  France,  but  we  feel  we  cannot  with  truth  speak 
otherwise  than  we  have.  M'e  believe  we  liave  spoken  fairly,  while 
we  are  sure  that  England,  however  it  may  wish  that  it  had  been 
otherwise,  is  the  least  harmed  by  the  Ijreach  which  has  thus  been 
made  in  the  ties  of  fellowship' which  so  lately  knit  the  two 
together. 


HEALTH  OF  TOWNS  BILL^ 

The  promised  hill  for  securing  the  health  of  towns  is  again  before 
the  legislature ;  and  we  hope  with  some  prospects  of  success.  To 
thegeneral  principles  of  the  measure  wearemostfavoural)le,because 
we  have  long  laboured  to  obtain  an  amendment  of  the  very  serious 
evils  wliich  so  much  aifect  the  public  health.  At  the  same  time, 
there  are  many  clauses  which  require  great  and  grave  considera- 
tion before  they  become  law  ;  and  in  making  some  remarks  upon 
them,  we  do  so'without  any  hostility  to  the  bill  generally. 

In  clause  8,  iifty  householders  have  the  power  of  putting  the 
act  in  motion.  In  large  towns,  such  a  number  gives  the  power  to 
an  insignificant  minority ;  and  in  small  towns,  fifty  may  he  found 
too  many.  There  ought  either  to  be  a  proportional  number,  ac- 
cording to  the  population  of  the  town. 

Although  the  eiglith  clause  speaks  of  existing  local  boards,  we  do 
not  find  any  provision  for  their  abolition ;  and  we  therefore  expect 
that  great  confusion  will  arise  between  the  new  local  boards  of 
health  and  the  old  local  boards,  for  paving,  cleansing,  highways, 
sewers,  and  for  other  purposes.  Great  confusion  must  likewise 
arise  from  the  election  of  new  officers,  who  will  be  brought  in  con- 
flict with  the  present  clerks  and  surveyors. 

The  qualification  of  elected  members  of  local  boards  seems  too 
liigh  for  small  towns.  The  number  of  inhabitants  rated  at  thirty 
pounds  a  year  is  so  small  as  to  restrict  the  choice  of  the  electors. 

We  think  the  provision  for  contour  lines  in  clause  27,  is  useful  ; 
but  if  the  lines  are  taken  at  every  ten  feet  elevation,  it  will  be 
quite  enough. 

By  clause  29,  the  board  of  health  will  have  the  power  of  carry- 
ing a  sewer  or  drain  "  through  or  under  an;/  kinds  whatsoever."  Surely 
this  will  never  be  allowed  to  pass ;  this  power  will  enable  any 
sewei-  to  be  carried  across  a  garden,  pleasure-ground,  or  park, 
without  any  notice  or  compensation. 

Clause  35  requires  that  notice  of  building  a  house  shall  be 
given  to  the  local  board  of  health  fourteen  days,  and  that  works 
shall  not  be  begun  without  leave  of  the  board.  Seven  days  seems 
to  us  quite  time  enough,  and  the  works  should  proceed  unless  the 
board  can  show  some  objection  to  them. 

It  appears  very  unlikely  that  clause  42  will  be  found  prac- 
ticable. It  provides  for  engine  and  factory  chimnies  consuming 
their  own  smoke. 

Clause  49,  although  aimed  at  great  evils,  is  very  objectionable  ; 
and  however  effective  it  may  be  in  checking  tramp-houses,  it  will 
not  touch  the  evils  of  overcrowded  Irish  lodging-houses.  It  makes 
all  houses, otherthan  public-houses,  liable  to  registry  and  inspection, 
where  persons  are  lodged  for  a  single  night  or  less  than  a  week. 
Unless  some  exception  be  made  for  Brighttm,  Margate,  Gravesend, 
and  other  watering  places,  the  inconvenience  and  annoyance  will 
be  gi-eat ;  as  liouse-holders  are  glad  to  accommodate  visitors  who 
run  down  by  steamboat  or  rail  on  the  Sunday,  and  return  on  the 
Monday. 

The  clause  54,  giving  control  to  the  commissioners  for  regulat- 
ing the  levels  and  plans  of  new  streets,  is  arbitrary  in  its  inter- 
ference « ith  pri\ate  propertj',  while  six  weeks  is  very  much  too 
long  for  any  inquiry  to  be  ma<ie  by  a  local  board  or  its  officers. 


In  the  next  clause,  30  feet  is  too  wide  for  a  mews ;  24  feet  is 
ample. 

The  clause  58,  for  enaliling  local  boards  to  set  up  waterworks, 
however  necessary  in  itself,  is  likely  to  do  evil  by  throwing  impe- 
diments in  the  way  of  private  enterprise,  for  the  existence  of  any 
company  to  be  set  up  is  precarious  and  dependent  on  the  local 
board. 

After  all  that  has  been  said  about  graveyards  in  towns,  it  is 
a  pity  to  see  the  countenance  given  to  this  abuse  by  clause  G7, 
which  allows  of  graves  being  made  with  only  thirty  inches  of  soil 
over  the  coffins, — a  shameful  and  fearful  nuisance. 

The  clause  78  is  inconsistent  with  the  general  tenour  of  the  act, 
for  after  making  it  compulsory  on  each  house  to  ha\e  the  water 
laid  on,  the  measure  of  cutting  it  off  for  non-payment  of  rates,  is 
one  not  favourable  to  the  public  health. 


REVIC^VS. 


The  Theory  and  Practice  of  Ship  Building.  By  Tho.mas  White, 
jun.  London :  Johnstone,  1848.  8vo.  pp.  101,  with  volume  of 
folio  plates. 

The  science  of  ship  building  appears  to  us  one  of  those  in  which 
the  precise  application  of  mathematics  is  not  to  be  attempted; 
but  of  which,  nevertheless,  the  leading  principles  should  be  based 
on  the  theoretical  laws  of  mechanics.  For  ship  building,  ma- 
thematical formul8e  can  do  nothing — mathematical  principles 
everything.  The  former  cannot  take  account  of  the  thousand  and 
one  practical  requisites  of  a  good  ship — the  latter  leave  sufficient 
margin  for  the  attainment  of  the  needful  qualifications;  the 
former  impose  laws  which  are  not  always  just,  and  even  where 
they  are  just,  are  too  minute  and  restrictive  ;  but  the  latter  estab- 
lish a  more  liberal  and  lenient  code — one  more  easy  to  be  obeyed 
and  more  deserving  of  obedience.  In  choosing  between  a  scien- 
tific principle  and  an  analytical  formula,  the  ship  builder  chooses 
between  a  friend  and  a  master. 

There  is,  howe\er,  a  great  difference  between  general  principles 
and  vague  principles.  It  is  the  latter  which  are  now  almost  e,\- 
clusively  observed  in  the  puldic  dockyards.  Grave  official  per- 
sonages have  a  great  horror  of  matters  whch  they  themselves  do 
not  understand,  and  consequently  the  range  of  their  antipathies  is 
very  comprehensive.  It  includes  .science.  It  is  no  great  scandal 
to  assert  that  in  the  government  dockyards,  the  most  profound 
science  is  not  so  useful  a  personal  commodity  as  kinship  to  one  of 
the  Lords  of  the  Admiralty.  Let  a  man  prove  by  rigorous  scien- 
tific demonstration,  that  some  established  rule  of  ship  building 
is  essentially  erroneous — and  will  he  be  rewarded  for  his  pains .'' 
Will  he  be  thanked  for  making  an  advance  in  science?  Will  the 
obligation  under  which  he  has  laid  society  to  liim,  be  discliarged  ? 
Quite  the  contrary.  The  chances  are,  that  he  will  be  frowned  down 
as  a  visionary,  or  rebuked  for  pretending  to  know  more  than  his 
betters.  In  the  eyes  of  men  in  office,  to  be  set  right  is  to  suffer 
/ese-miijpsti'. 

There  is  one  chance,  however,  tliat  a  scientific  disco\ery  may  be 
useful,  if  not  to  the  discoverei',  at  least  to  the  public ; — some  one 
who  dines  occasionally  at  the  Admiralty,  may  think  it  worth  while 
to  appro)iriate  it. 

Our  re.spect  for  government  science,  for  the  reseai-ches  of  royal 
commissions,  the  mathematics  of  blue-books,  and  the  investigations 
of  official  inspectors,  is  extremely  limited.  In  matters  of  experi- 
mental philosophy,  we  should  lay  it  down  as  a  general  rule,  that 
the  persons  least  likely  to  find  out  the  truth  are — the  "  properly 
constituted  authorities."  AVhat  a  satisfactory  affair  the  Gauge 
Conmiission  turned  out !  IIt)W  well  Sir  M'illiam  Symonds'  ships 
sail  !  With  what  universal  and  unhesitating  deference  did  tlie 
railway  engineers  receive  the  reports  of  Sir  Charles  Pasley  !  And 
to  go  still  further  back,  liow  admirably  the  Irish  Railway  Com- 
missioners executed  their  task  !  of  which  the  most  favourable 
thing  that  can  be  said  is — that  their  report  suited  the  character 
of  the  country  affected  by  it.  The  blunders  of  admeasurement  in 
the  j)lans  and  sections  v\  ere  not  iuuch  more  egregious  than  some 
which  have  been  detected  by  the  Standing  Orders  committees  : 
and  Mr.  Barlow's  investigations  of  the  effect  of  gradients  are  not 
very  much  worse  than  a  mathematical  student  would  write  in  his 
first  year. 

It  seems  to  us  quite  clear,  that  for  the  future  advancement  of 
the  practical  sciences  we  must  trust  entirely,  or  almost  entirely, 
to  private  efforts.     At  rare  intervals,  indeed,  a  commission  will  be 
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competent  for  the  scientific  investigation  assigned  to  it :  it  is  rea- 
sonable, for  instance,  to  expect  much  benefit  from  commissioners 
selected  as  those  appointed  to  consider  the  use  of  cast-iron  girders 
on  railways  have  been.  But  on  the  whole,  these  eases  must  be 
looked  upon  as  exceptions  and  happy  accidents.  In  naval  matters 
the  inefficiency  of  official  philosophy  is  especially  deplorable,  be- 
cause of  the  enormous  expense  which  it  entails  upon  the  nation. 
After  all  the  visits  of  the  Lords  of  the  Admiralty  to  Portsmouth 
— after  all  the  parliamentary  returns  and  parliamentary  debates — 
after  all  the  enormous  cost  of  ships  built  on  new  models,  to  be  sub- 
sequently remodelled  and  patched  as  tlie  prevailing  caprice  dic- 
tated— after  all  tlie  exploits  of  experimental  squadrons— we  have 
come  to  the  very  gratifying  conclusion  that  our  most  weatherly 
vessels  were  taken  froni  the  French  in  the  late  war.  O,  for  an 
Ecole  Polyteclmique  in  England  ! 

The  author  of  tlie  work  before  us  professes  no  more  than  "  to 
give  some  plain  directions  for  actual  building,"  and  to  put  the 
reader  in  possession  of  just  so  much  information  as  is  requisite  for 
carrying  him  to  "larger  and  more  scientific  works  on  the  subject." 
But"  the  present  treatise,  though  it  does  not  aim  at  extreme  pro- 
fuiulity,  has  the  greater  merit  of  expressing  in  simple  terms  some 
very  important  views  respecting  the  application  of  hydrostatics  to 
tlie  theory  of  sliip  building.  The  stability  of  a  vessel  is  properly  in- 
sisted upon,  as  a  perfectly  indispensable  requisite — one  without  which 
all  other  merits  are  \'alueless.  The  form  of  a  vessel  may  enable  her 
to  sail  fast,  but  if,  at  the  same  time  her  pitching  and  rolling 
motion  be  excessive,  the  practical  utility  of  the  vessel  is  proportion- 
ably  lessened,  her  security  endangered,  and  her  durability 
diminished  by  the  constant  strains  to  which  she  is  subject.  Sir 
A\'illiam  Symonds'  vessels  are,  our  author  remarks,  liable  to  these 
gra\'e  objections.  In  his  vessels,  the  rake  of  the  stem  is  some- 
times so  great,  that  the  stem  is  inclined  to  the  keel  at  an  angle 
of  thirty  degrees.  By  thus  cutting  away,  so  to  speak,  a  large  por- 
tion of  the  fore  body,  it  is  clear  that  when  the  vessel  pitches  ahead, 
there  is  less  immersion  or  sustaining  power  to  bring  lier  up  again, 
than  there  would  be  if  the  stem  were  more  upright.  He  com- 
mitted a  similar  error  witli  respect  to  tlie  lateral  rolling.  The 
lateral  stability,  of  course,  depends  in  a  great  measure  on  breadth 
of  beam ;  but  the  general  form  of  section  amidships  must  be  duly 
proportioned  in  reference  to  it.  "  Here,"  says  our  author,  '"  we 
consider,  is  to  be  found  the  great  defect  in  the  surveyor's  midship 
section ;  it  is  comparatively  straight  from  the  keel  to  the  water- 
line  ;  and,  as  such,  is  manifestly  deficient  in  bearing,  until  its  ex- 
treme immersion  takes  place,  which  is  sudden  almost  to  a  jerk  ; 
whereas  a  rounder  line  would  prevent  the  great  degree  of  lateral 
inclination,  and  what  must  take  place  would  be  much  more  easy. 
The  advantage  of  this,  in  comfort  upon  the  deck,  efficiency  at  the 
guns,  wear  and  tear  of  the  rigging,  and  indeed,  the  safety  and  com- 
fort of  the  whole,  must  be  apparent." 

The  conditions  of  stability,  either  laterally  or  longitudinally,  are 
not  after  all  so  very  difficult  to  ascertain.  The  problem  is  prac- 
tically a  hydrostatical,  not  a  hydro-  dynamical  one,  and  therefore 
much  easier  than  that  of  determining  the  forms  best  adapted  for 
speed.  If  navy  surveyors  had  only  a  moderate  acquaintance  with 
toe  properties  of  the  Metacentre — if  their  appointments  de- 
pended rather  on  their  knowledge  of  hydrostatics,  than  on  their 
government  influence,  or  aristocratical  connections,  we  should 
have  to  pay  for  much  fewer  of  those  great  wooden  coffins  which 
now  disgrace  our  navy.  As  far  as  we  may  judge  from  Sir  \\^illiam 
Symonds '  actual  performances,  he  either  does  not  know  the  mean- 
ing of  the  word  "  metacentre,"  or  he  cannot  have  studied  its  pro- 
perties. He  may  possibly  have  an  idea  that  they  ha\e  some  in- 
fluence on  the  stability  of  a  vessel — -but  he  certainly  cannot  know 
that  they  are,  not  merely  important,  but  all-important — tliat  in  the 
question  of  stability,  the  properties  of  the  metacentre  constitute 
the  question,  the  whole  question,  and  nothing  but  the  question. 

Mr.  White's  practical  directions  we  «ill  not  venture  to  criticise 
at  length.  The  accuracy  of  his  general  views,  however,  and  his 
long  experience  in  his  profession,  seem  just  grounds  of  dependence 
on  liis  authority  in  matters  of  detail.  The  folio  plates  are  care- 
fully drawn  and  admirably  executed  :  and  the  descriptions  which 
accompany  them  are  very  minute,  and  appear  well  suited  to  the 
purposes  of  the  ship  builder.  The  work  concludes  with  an  ac- 
count of  the  methods  now  in  use  for  measuring  tonnage,  and  with 
remarks  on  the  complexity  and  inefficiency  of  the  new  method  es- 
tablished by  law.  W&  conclude  with  the  following  brief  extracts, 
the  first  selected  for  its  scientific  importance,  the  second  for  its 
curiosity : — 

"The  form  of  body  lest  adiipted  for  steam  vessels,  is  a  primary  consi- 
ddration.  It  will  be  found  that  most  of  the  principles  which  constitute  a 
good  sailing  ship,  will  also  apply  to  a  steamer.     We  have  repealed  instances. 


in  which  first-class  steam  ships  that  have  afterwards  proved  of  superior  cha- 
racter, have  gone  as  fast,  under  jury  rig,  and  with  not  more  than  half  the 
momentum  of  canvas  allotted  to  sailing  ships  of  equal  tonnage,  as  they 
have  subsequently  gone  under  the  full  power  of  the  engines.  Many 
valuable  inferences  may  be  drawn  from  this  fact ;  and  we  unhesitatingly 
bring  to  our  aid,  in  building  steam  ships,  the  whole  experience  of  the  pro- 
fession, to  a  much  greater  extent  than  was  at  first  adopted.  Experience 
shows  that  the  long  bow  and  clean  run  are  indispensable  ;  for,  whatever 
may  be  the  laws  of  fluids,  the  great  speed  of  river  boats  thus  built,  the  in- 
crease obtained  by  lengthening  so  many  of  the  earlier  formation,  and  the 
increased  acuteness  of  each  succeeding  class,  amount  to  a  demonstration  on 
this  point." 

'*  The  ark  in  Scripture  was  of  these  proportions,  namely,  sis  times  the 
breadth  for  the  length,  and  one-tenth  the  length  for  the  depth.  Other  pro- 
portions may  in  particular  circumstances  piomote  speed ;  but  for  stability 
and  security  at  sea,  the  proportions  of  the  aik,  destined  as  she  was  to  en- 
dure the  greatest  commotion  of  waters  the  world  has  ever  known,  are, 
we  fearlessly  assert,  infallible,  since  the  experience  of  four  thousand  years 
has  only  confirmed  them  ;  a  collateral  evidence,  at  least,  of  the  truth  of 
the  Scripture  narrative.  The  ark  was  twice  as  long,  and  twice  as  wide  and 
deep,  as  the  West-India  mail  steamers,  and  consequently  would  make  eight 
of  them,  considered  as  regular  figures." 

An  Historical,  Practical,  and  Theoretical  Account  of  the  Breakwater 
in  Pli/moiith  Sound.  By  Sir  John  Rennie,  F.R.S.,  F.S.A.,  F.G.S., 
President  of  the  Institution  of  Civil  Engineers.  London:  Bohn 
and  Weale,  1848. 

Sir  John  Rennie  could  not  have  more  worthily  devoted  himself 
than  to  the  commemoration  of  the  great  work  of  his  father,  the 
Plymouth  Breakwater,  and  he  could  not  have  erected  a  monument 
more  munificent  than  the  volume  now  before  us, — one  which  while 
it  records  the  merits  of  his  father,  and  gives  proof  of  his  own  en- 
lightened spirit,  will  be  of  value  to  the  engineering  profession  for 
many  generations.  AV^ell  may  we  describe  it  as  a  monument  more 
lasting  than  brass,  while  it  bears  a  more  noble  inscription  than  was 
ever  sculptured  on  marble.  Of  Sir  John  Rennie's  works  we  will 
not  speak,  for  others  can  put  forward  a  claim  to  the  production  of 
works  of  equal  magnitude  and  merit,  but  we  cannot  refrain  from 
saying  that  this  book  is  another  public  service  rendered  to  the 
engineering  profession.  As  President  of  the  Institution  of  Civil 
Engineers,  Sir  John  has  upheld  the  social  rank  of  the  profession, 
and  has  maintained  its  public  hospitality;  by  the  contribution  before 
us,  he  has  shown  his  earnestness  in  the  cause  of  professional  litera- 
ture. These  are  to  our  mind  merits  in  addition  to  the  material 
monuments  of  his  skill,  and  speak  powerfully  of  his  enlarged  and 
liberal  mind,  and  of  his  public  and  disinterested  spirit.  Tliey 
show  that  his  heart  and  soul  are  engaged  in  the  career  he  pursues, 
and  are  a  guarantee  of  his  professional  independence  and  integrity. 
We  speak  warmly,  because  it  is  rarely  we  have  the  opportunity 
of  speaking  of  a  book  from  the  hands  of  one  of  the  higher  members 
of  the  profession,  and  therefore  it  comes  more  welcome  to  us.  It 
is  true  there  are  excuses  for  the  silence  of  those  members,  and  Sir 
John  has  himself  very  well  explained  them,  but  that  does  not  ex- 
empt us  from  our  duties  towards  him,  who  stands  a  brilliant  exam- 
ple of  successful  exertion.  Sir  John  Rennie's  words  merit  atten- 
tion, for  they  must  be  the  exculpation  of  our  engineers  in  the  eyes 
of  Europe.     He  says — 

"  Continental  engineers  have  generally  more  time  than  English 
engineers  for  writing  and  reflection.  The  former,  confined  for  the 
most  part  to  a  single  work  at  one  time,  have  leisure  to  study  and 
reflect  upon  every  operation  connected  with  it,  and  to  deduce 
general  la\«  from  them  which  may  be  applicable  in  similar  circum- 
stances. Their  sphere  of  action  nevertheless  is  limited,  compared 
1  with  that  of  English  engineers,  and  they  have  not  the  same  facili- 
ties of  acipiiring  that  readiness  of  application,  that  versatility  of 
inventing  remedies  to  meet  every  case  which  occurs  in  practice, 
and  which  alone  can  be  derived  from  extensive  and  greatly-varied 
experience  in  all  kinds  of  works,  such  as  falls  to  the  lot  of  English 
engineers.  This  defect  is  necessarily  inherent  in  the  continental 
system,  notwithstanding  the  numerous  able  engineers  we  find  there. 
The  whole  of  the  works,  as  well  as  the  engineers,  being  in  the 
employ  and  under  the  control  of  the  government,  their  energies 
are  impeded,  their  talents  are  fettered,  and  they  are  deprived  of 
that  strongest  of  all  inducements  to  exertion,  viz.,  competition, 
which  has  been  productive  of  so  much  benefit  in  this  country. 
Here,  as  regards  engineering,  everything  has  been  free  and  un- 
trammelled; thus  every  member  of  tlie  profession  has  been  at  liberty 
to  study  and  follow  out  that  course  which  appeared  to  him  best 
calculated  to  acquire  public  fa\'Our,  and  secure  his  own  interest ; 
and  the  public,  on  the  otiier  hand,  has  never  found  any  deficiency 
of  talent  to  carry  out  any  work  as  often  as  the  emergency  required. 
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The  ffovernmcnt  also  have  equally  profited  hythis  system,  for  they 
can  always  enter  the  market  upon  tlie  same  terms,  and  ohtain  any 
de£free  of  talent  they  may  re(i\iire  without  the  necessit}'  of  traininjr 
a  corps  of  civil  cnfi^iiieers  of  their  own,  which,  for  the  reasons  al)Ove 
stated,  would  1)6  found  very  difficult,  and  perhajis  not  without  en- 
tailina:  the  expense  of  numerous  failures,  which  is  tlie  more  unne- 
cessarv,  as  they  can  ohtain  the  experience  ready-made  w  ithout  any 
such  sacrifice.  Nearly  all  the  fjrreat  works  and  ini])rovements  in 
the  public  establishments  have  liitherto  been  obtained  in  this  man- 
ner •  of  whii-li  the  Breakwater  and  many  others  may  be  termed 
excellent  examples,  and  hy  [pursuing  the  same  system,  the  same 
Jieneficial  results  will  continue  to  lie  produced.  On  the  continent 
the  superiority  of  our  free  system  of  competition  is  in  many  cases 
much  admired,  and  will  probably  l)e  introduced  where  circum- 
stances render  it  practica))le ;  and  Eng-lish  engineers  are  highly 
esteemed  and  much  employed  on  tlie  continent." 

This  is  spoken  fairly,  and  Sir  Jolm  takes  care  that  lie  shall  not 
lie  understood  as  speaking  invidiously,  or  as  depreciating  the  con- 
tinental engineers.     He  says — 

"  In  saying  thus  much,  I  wish  to  be  distinctly  understood,  that  I 
should  lie  extremely  sorry  to  be  considered  as  under\aluing  in  the 
smallest  de^rrec  the  numerous  able  engineers  in  every  department 
on  the  continent,  or  the  magnificent  works  which  have  been  con- 
structed by  tlieni,  or  the  excellent  liooks  they  have  written,  which 
have  been  productive  of  so  much  benefit  to  the  profession  of  civil 
engineering." 

In  these  sentiments  we  fully  concur;  we  honour  our  continental 
l>rethren,  lint  we  demand  for  them  as  for  ourselves  the  benefits  of 
ivliat  we  lielieve  to  be  a  better  system — that  of  the  competition  of 
civil  enaincers.  '\^'e  advocate  for  tlieir  interests  a  wider  field  of 
exertion,  and  emancipation  from  the  thraldom  of  the  government 
bureaucracy,  protection  for  men  of  ability,  and  no  false  encourage- 
ment for  men  of  no  ability. 

Ill  expressing  himself  thus  btddly.  Sir  John  Rennie  has  done 
very  great  service  to  the  profession  Ijy  vindicating  it  from  the  in- 
jurious and  insidious  designs  of  the  government  here,  ^^•ho  are 
always  seeking  to  estalilish  militarj'  engineers  in  capacities  for 
vhicii  they  are  utterly  unsuited.  We  wish  other  members  of  the 
i)rofessioii  of  equal  reputation  would  display  the  same  dignity  of 
feelinirand  disinterestedness,  by  publicly  expressing  their  unfavour- 
able opinion  of  the  government  assistance.  We  hope  the  fear  of 
losing  some  small  amount  of  government  patronage  does  not  keep 
them  back  from  doing  vhiit  Sir  Jidin  Rennie  has  unhesitatingly 
expressed. 

\Ve  wish  too  they  would  imitate  him  in  the  jiroduction  of  liooks, 
such  as  his.  At  anj'^  rate,  their  pecuniary  means  enable  them  to 
imitate  him  in  the  lavish  outlay  he  has  made  on  drawings  and  en- 
gravings. Tliey  hai-e  the  drawings  in  their  own  offices,  and  if  they 
merely  put  them  in  the  hands  of  tlie  engravers,  without  any  text, 
the  plates  « ill  iirove  of  \alue  to  professional  students.  We  have 
seen  so  many  examples  of  lilieralit)-  among  tlie  profession,  that  we 
hope  it  will  he  equally  displayed  in  contributions  to  engineering 
literature.  Mimey  only  is  required,  their  time  is  not  required; 
and  though  they  can  plead  they  ha\e  so  little  of  tlie  latter,  they 
liave  lieen  «ell  enough  rewarded  to  depri^'e  them  of  such  a  plea  in 
tlie  expenditure  of  money. 

We  lia\e  been  ajit  to  adduce  as  a  merit  in  professional  works 
that  they  were  profusely  illustrated,  and  we  believe  our  readers 
will  agree  with  us,  for  such  books  are  thereby  of  a  more  practical 
nature.  In  this  respect.  Sir  John  Ronnie's  volume  has  few  to  sur- 
pass it;  and  it  is  undoubtedly  one  of  those  great  works,  which  must 
at  once  take  its  place  in  the  standard  library  of  engineering.  No 
exjiensc  has  been  spared,  we  may  say  no  care  has  heen  spared,  to 
make  tliat  iiortion  of  the  work  complete  which  sjieaks  to  tlie  eye, 
illustrating  the  words  of  Horace — 

"  Scyniiis  iiritaiit  deniissa  jperaures 
Quum  quae  sunt  oculis  subjects  liclelibus" 

The  eye  of  the  practical  man  seizes  at  once  the  construction  and 
proportions  in  a  drawing,  while  the  most  copious  descrijition  fails 
to  convey  an  impression  so  complete.  Again,  it  is  more  easy  for 
tliose  who  wish  to  copy  a  good  example  to  do  so  from  a  drawing 
than  from  a  description,  and  when  we  consider  that  a  work  of  this 
kind  is  to  be  a  text-liook  for  hundreds  of  engineers,  it  appears 
most  desirable  that  it  should  be,  as  it  is,  really  and  truly  useful. 

On  leaving  tlio  presidential  diair,  Sir  Jidin  Rennie  has  not  x-e- 
tired  from  the  pnldic  service.  He  ncier  could  retire  into  obscurity, 
but  he  could  well  have  claimed  exemption  from  further  contriliu- 
tion.  That  he  has  comideted  this  magnificent  work  gives  him  an 
additional  title  to  future  fame,  as  it  does  to  the  gratitude  of  his 
contem}ioraries  for  bis  maintenance  of  the  dignity  of  their  pro- 
fession. 


The   Young  Surveyor's   Preceptor.     By  John   Reid,    Surveyor, 
Parts  I.  and  II. 

The  object  of  this  work  is  to  explain  the  present  system  of 
measuring  and  estimating  builders'  work  ; — for  this  purpose  the 
author  has  given  the  plans  of  a  first-rate  building,  and  explains 
how  the  measurements  are  taken,  commencing  with  the  digger, 
and  going  on  witli  the  bricklayer  and  carpenter.  The  dimensions 
are  all  given  in  detail  as  taken  off"  in  estimating,  and  are  accom- 
panied with  a  specification  of  each  trade.  Mr.  Reid  appears  to 
have  adopted  the  practice  of  the  most  experienced  surveyors,  and 
has  produced  a  work  which  is  likely  to  be  of  great  benefit  to  the 
jmpil,  in  assisting  him  in  his  professional  pursuits.  In  saying  this, 
we  must  caution  him  not  to  imagine  that  he  can  obtain  a  sound 
practical  knowledge  of  the  duties  of  a  surveyor  or  architect,  from 
merely  reading  or  studying  this  work,  or  any  other  book  or 
lecture  :  it  can  only  he  attained  by  accompanying  an  experienced 
surveyor  in  measuring  or  making  an  estimate  of  the  building  itself. 


PROCEEDINGS    OF  SCIENTIFIC  SOCIETIES. 

INSTITUTION  OF  CIVIL  ENGINEERS. 

Fell.  22. — Joshua  Field,  Esq.,  President,  in  the  Chair. 

The  paper  read  was  by  Mr.  A.  Mitchell,  of  Belfast,  Assoc.  Inst.  C.E., 
"  On  Submarine  Foundations ;  particularly  ttte  Screw-pile  and  Moorings." 

Considering  that  the  entire  subject  of  tlie  various  sorts  of  piling,  of  solid 
stone  foundations,  of  cofferdams,  of  masses  of  concrete,  and  the  numerous 
modes  adopted  hy  ingenious  men  for  overcoming  local  difficulties,  would 
occupy  too  much  time,  and  scarcely  possess  novelty,  the  author  restricted 
himself  alrao&t  entirely  to  ihe  description  of  the  works  executed  by  him  with 
the  screw-pile,  as  that  had  been  chiefly  employed  for  supporting  structures 
on  loose  sand  or  mud  banks,  wholly  or  partially  covered  by  the  sea,  where  it 
had  been  previously  considered  very  hazardous,  if  not  impracticable,  to  erect 
any  permanent  edilice ;  and  in  his  narrative,  he  scrupulously  avoided  all 
comparison  with  other  modes  of  proceeding,  even  when  they  had  the  same 
object.  The  origin  of  the  screw-pile  was  the  screw-mooring,  which  was  de- 
signed for  the  purpose  of  obtaining,  for  an  especial  purpose,  a  greater  hold- 
ing power  than  was  possessed  hy  either  the  ordinary  pile  or  any  of  the  usual 
mooring-anchors  or  blocks,  of  however  large  dimensions.  It  was  proved  by 
experiment,  that  if  a  screw,  with  a  broad  spiral  flange,  were  fixed  upon  a 
spindle,  and  forcibly  propelled  by  rotary  motion  to  a  certain  depth  into  the 
ground,  an  enormous  force  would  be  required  to  extract  it  by  direct  tension; 
and  that  the  power  employed  must  be  sufticient  to  drag  up  a  mass  of  earth 
of  the  form  of  the  frustruni  of  a  cone  reversed — the  base  being  at  the  surface 
of  the  ground,  and  the  section  of  the  apex  being  equal  to  the  diameter  of 
the  screw.  The  extent  of  the  resisting  mass  must,  of  course,  depend  upon 
the  natural  tenacity  of  the  soil.  Even  in  this  reasoning,  it  must  be  evident 
that  a  vertical  force  was  calculated  upon  ;  but  as,  practically,  that  seldom  if 
ever  occurred,  the  angle  of  tension  and  the  curve  of  the  buoy-cable  again 
gave  the  moorings  greater  power.  This  was  found  to  be  correct  in  practice, 
and  the  application  of  the  moo.rings  became  very  extensive.  An  arrange- 
ment was  made  with  the  port  of  Newcastle-on-Tyne,  by  which,  for  the  sum 
of  2,500/.,  the  right  of  fixing  these  moorings  in  the  Tyne  was  given  ;  and 
Mr.  Brookes,  the  engineer,  showed  that  last  year,  whilst  in  the  neighbouring 
port,  damage  was  done  to  the  shipping  to  the  extent  of  nearly  30,000^,  no 
injury  was  sustained  in  the  Tyne,  entirely  owing  to  the  sound  holding  of 
Mitchell's  screw-pile  mooring?.  It  naturally  occurred  to  Mr.  Mitchell,  that 
the  same  means  of  resistance  to  downward  pressure  might  be  used  ;  and  he 
proposed  to  apply  it  for  the  foundations  of  lighthouses,  beacons,  and  other 
structures,  which,  for  maritime  purposes,  it  might  be  desirable  to  place  upon 
sand  and  mud  banks,  where  hitherto  it  had  been  considered  impracticable  to 
place  any  permanent  edifice.  In  the  year  1838,  a  plan  for  a  structure  of  this 
nature  for  a  lighthouse,  on  the  Maplin  Sand,  at  the  mouth  of  the  Thames, 
was  laid  before  the  corporation  of  the  Trinity  House,  supported  by  the 
opinion  of  James  Walker,  Esq.,  their  engineer.  The  nine  iron  piles,  5  inches 
diameter,  with  screws  4  feet  diameter,  were  accordingly  driven  22  feet  deep 
into  the  mud,  and,  with  proper  precaution,  they  were  allowed  to  stand  for 
two  years  before  any  edifice  was  placed  upon  theiu.  The  lighthouse  was 
subsequently  constructed,  and,  as  was  festilied  by  Mr.  Walker,  had  stood  per- 
fectly until  the  present  time.  Pending  Ibis  probation,  it  was  determined  to 
erect  a  lighthouse  to  point  out  the  entrance  to  the  harbour  of  Fleetwood-on- 
Wyre,  and  under  the  advice  of  Captain  Denham,  R.N.,  the  screw-piles  were 
adopted.  The  spot  fixed  on  was  the  point  of  a  bank  of  loose  sand,  about 
two  miles  from  the  shore  ;  seven  iron  piles,  with  screws  of  3  feet  diameter, 
were  forced  about  16  feet  into  the  bank,  and  upon  them  timber  supports  48 
feet  in  vertical  height  were  fixed  to  cany  the  house  and  lanthorn.  This 
structure  was  completed  in  six  months,  and  was  perfectly  successful,  never 
having  required  any  repairs  to  the  present  time.  A  similar  lighthouse  was 
erected  near  Belfast ;  and  since  then  several  others,  with  a  great  number  of 
beacons,  have  been  fixed  in  situations  heretofore  deemed  impracticable. 
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A  project  was  started  by  the  Earl  of  Courtown,  in  the  year  1847,  for  add- 
ing to  the  lengtli  of  the  pier  at  the  Harbour  of  Courtown,  ou  the  coast  of 
Wexford,  which  had  proved  an  entire  failure,  from  the  channel  between  the 
solid  pier  being  continually  choked  up  with  sand.  Iron  piles,  with  screws  of 
2  feet  diameter,  to  he  driven  from  II  feet  to  15  feet  into  the  sand,  and  blue 
clay,  were  decided  to  be  used  in  order  to  form  an  open  jetty  through  which 
the  sand  could  be  washed  by  the  current,  and  the  platform  would  be  used 
for  loading  and  discharging  the  shipping.  The  surf  was  so  heavy  on  the 
coast  that  the  usual  barges  or  floating  rafts  could  not  be  used  for  putting  the 
piles  down — so  an  ingenious  plan  was  designed  by  Mr.  Mitchell,  for  project- 
ing a  stage  forward  from  the  solid  part,  rigging  a  large  grooved-wheel  upon 
the  top  of  the  pile,  passing  an  endless  rope-band  around  it,  and  round  a 
pulley  fixed  150  feet  back,  and  then,  by  a  number  of  men  hauling  upon  the 
band,  a  rotary  motion  was  communicated  to  the  pile,  which  screwed  it  down 
very  fast.  By  these  means  one  bay  of  the  pier,  17  feet  long,  was  finished 
daily,  even  in  very  rough  weather.  The  entire  length  of  the  jetty  was  260 
feet,  its  breadth  18  feet,  with  a  cross-head  54  feet  long,  with  landing  stages 
at  each  end,  and  two  lines  of  railway  throughout.  The  entire  cost  of  this 
extension  was  4,150/.,  or  about  47/.  10s.  per  lineal  yard — an  extremely  small 
sum  compared  with  the  cost  of  stone  piers  ;  but  even  that  was  more  than 
the  expense  would  be  now,  as  the  system  of  work  is  better  understood,  and 
materials  are  now  cheaper.  The  account  of  the  difficulties  incurred  in  tlie 
execution  of  these  works  was  most  interesting,  and  ample  testimony  was 
borne  by  engineers  of  eminence,  and  men  whose  maritime  experience  gave 
weight  to  their  opinion,  of  the  superiority  of  Mr.  Mitchell's  screw-piles  and 
moorings  over  every  other  system  for  holding  buoys,  or  for  supporting  bea- 
cons and  lighthouses,  and  their  use  was  suggested  for  the  foundation  of 
bridges,  viaducts,  and  numerous  railway  and  other  works,  as  well  as  a  multi- 
plicity of  applications  which  had  not  hitherto  been  thought  of. 

Mr.  W.  A.  Brooks  gave  an  account  of  the  method  of  laying  down  the 
moorings  at  Newcastle-on-Tyne,  under  his  directions.  A  heavy  chain,  formed 
of  3i-inch  round  iron,  in  links  of  3  feet  long  each,  was  stretched  along  the 
bed  of  the  river,  in  the  direction  of  the  current.  To  this  chain,  beneath 
each  tier,  was  attached  a  2i-inch  moorlng-chain,  fixed  to  the  head  of  a  screw 
mooring ;  another  screw  being  also  placed  beneath  each  tier,  and  driven 
down  between  10  and  20  feet  into  the  clay,  and  sometimes  full  a  foot  into 
the  shale  rock.  The  screws  were  4  feet  in  diameter,  and  were  placed  in 
depths  varying  from  15  feet  to  24  feet  at  low-water  spring  tides.  They 
were  screwed  down  to  the  depth  of  15  feet  in  an  hour  and  a  half,  and  some- 
times 21  feet  in  two  hours.  Each  mooring  screw  was  intended  to  have 
borne  the  strain  of  four  heavy  ships ;  but,  during  the  last  winter,  the  port 
was  so  crowded,  that  more  than  double  the  proper  number  of  vessels  were 
moored  upon  each  ;  and  yet  there  were  no  signs  of  weakness ;  and  whilst 
nearly  30,000/.  of  damage  was  done  at  Sunderland,  during  a  heavy  storm,  no 
casualties  occurred  at  Newcastle,  which  Mr.  Brooks  stated  was  entirely  owing 
to  the  sound  holding  of  the  screw  moorings.  He  argued,  therefore,  that  the 
small  sum  of  2,500/.,  paid  by  the  harbour  commission  of  Newcastle  for  the 
right  to  put  down  these  moorings,  was  a  very  wise  expenditure. 

Mr.  T.  Smith,  Pilot  Master  of  the  Port  of  Shields,  corroborated  Mr. 
Brooks's  statement. 

Captain  Washington,  R.N.,  had,  in  the  course  of  his  surveying  duties, 
seen  the  screw  moorings  in  almost  every  position,  and  had  heard  them  uni- 
versally eulogised,  as  being  the  best  and  safest  moorings  hitherto  known. 
He  strongly  recommended  their  employment.  He  had  also  examined  care- 
fully the  screw-pile  lighthouses,  and  had  every  reason  to  be  satisfied  with 
them,  as  aftording  a  means  of  placing  lighthouses  and  beacons  where  they 
were  before  impracticable,  and  enabling  floating  lights  to  be  generally  super- 
seded by  fixed  lights,  which  latter  he  proved,  from  documentary  evidence,  to 
be  one-third  less  annual  cost  than  the  former,  and  certainly  more  useful  to 
sailors;  for,  in  spite  of  all  the  care,  attention,  and  even  lavish  expenditure 
of  the  Trinity  Board  to  moor  the  lightships  securely,  they  did  go  adrift  just 
at  the  time  when  they  were  most  required.  He,  therefore,  advocated  fixed 
lights  in  every  situation  where  a  foundation  could  be  obtained  ;  and  he  be- 
lieved that,  with  the  screw-pile,  there  were  scarcely  any  situations  where 
this  could  not  be  accomplished. 

Messrs.  Walker,  Cubitt,  Rennie,  Murray,  Moorsom,  Mitchell,  Scott  Rus- 
sell, and  others,  took  part  in  the  discussion,  adducing  instances  of  the  efli- 
ciency  of  the  moorings  and  the  piles,  and  of  their  appUcability  to  numerous 
engineering  works,  for  which  they  expressed  their  intention  of  employing 
them.  The  high  price  hitherto  charged  for  the  right  of  using  them  had 
somewhat  retarded  their  general  introduction  ;  but  it  was  explained,  that  Mr. 
Mitchell  had  feared  to  entrust  to  others  the  fixing  of  them,  lest  a  failure 
might  ensue  before  his  system  was  perfected,  which,  however,  he  now  thought 
it  was.  Now,  however,  as  the  right  of  granting  licenses  for  their  use  was 
transferred  to  men  of  business  who  had  purchased  it,  there  was  no  doubt  of 
their  being  brought  within  the  reach  of  every  application. 

Fei.  29. — The  paper  read  was  entitled  "  Remarks  on  the  Formation  of  the 
Entrances  to  Docks,  situated  upon  a  Tideway."  By  Mr.  J.  B.  Redman, 
M.  Inst.  C.E. 

After  illustrating  the  subject  by  the  example  of  the  position  and  direction 
of  all  the  principal  dock  entrances  on  the  borders  of  the  Thames  in  the 
port  of  London — showing  that  the  variation  in  the  opinions  and  practice 
of  engineers  had  been  very  great — the  paper  detailed  the  ordinary  me- 
thods of  docking  and  undocking  ships,  and  the  precautions  to  be  taken  in 
constructing  entrances,  which  should  be  best  adapted  for  facilitating  these 


operations  ;  and,  although  it  was  difficult  to  lay  down  any  positive  rules  upon 
the  subject,  as  the  engineer  must,  in  almost  every  case,  be  guided  by  local 
circumstances,  yet  in  ordinary  cases  the  following  general  rules  were  recom- 
mended :— For  graving  docks,  an  angle  of  about  45°,  pointing  up  the  stream; 
for  wet  docks,  an  angle  of  about  60°,  in  the  same  direction ;  and  a  right 
angle,  with  the  stream,  for  building  ships.  These,  it  was  believed,  would  he 
generally  found  the  most  available. 

March  7.— In  the  discussion  upon  Mr.  Redman's  paper,  the  merits  and 
defects  of  the  several  dock  entrances  in  the  Thames  and  in  other  situations 
were  examined,  and  the  general  result  appeared  to  be,  that  although  the  en- 
gineer must  be  guided  by  local  circumstances,  vet,  that  in  situations  where 
the  river  was  sufliciently  wide,  and  the  position  of  the  land  permitted,  an 
acute  angle  pointing  up  the  stream,  was  the  best  for  docking  vessels  with 
the  flood— that  the  reverse  would  be  best  for  undocking  ships.  In  ordinary 
widths  of  rivers,  therefore,  the  end  would  be  attained  by  forming  a  bay  sutfi. 
ciently  deep  to  render  the  water  still  in  front  of  the  dock,  the  wing  walls 
being  so  much  splayed  as  virtually  to  give  the  directions  up  and  down  the 
stream  as  circumstances  required.  The  peculiar  positions  of  the  docks  at 
Ipswich,  by  Mr.  Palmer,  the  alterations  of  the  Duke's  Dock  at  Liverpool,  by 
Mr.  Cubitt,  and  other  cases,  were  sustained  in  support  of  the  arguments  of 
the  speakers,  who  all  united  in  praising  the  industry  and  talent  of  Mr.  Red- 
man, in  bringing  forward  the  subject  in  the  complete  manner  he  had  done. 

March  14.— The  paper  read  was  "  An  account  nf  the  effect  u/  the  Storm 
of  the  6th  of  December  1847,  on  the  coast  near  Edinburgh,  as  iUustrating 
the  Principles  of  t lie  Construction  of  Sea  Defences."  By  W.  J.  M.  Ra.nkine. 

The  principal  example  given  was  the  sea  wall  of  the  Leith  branch  of 
the  Edinburgh  and  Dalkeith  Railway,  built  by  the  author  in  the  year  1837, 
from  j\lr.  Walker's  designs.  Just  after  it  was  completed,  a  violent  storui 
occurred,  which  injured  almost  every  similar  work  within  ils  range,  but 
produced  no  ill  effect  upon  (hat  structure.  On  the  6th  of  December  1847, 
a  still  more  violent  storm  occurred,  which  did  great  damage  all  around, 
but  the  railway  wall  still  escaped  without  injury.  The  total  length  of  the 
wall  was  about  750  yards  ;  its  height  was  13 J  feet  above  the  beach  at  the 
highest  point,  diminishing  to  about  6  feet  at  the  ends.  The  height  of  the 
top  was  4  feet  above  equinoctial  spring  tide  level.  Its  least  thickness  was 
5  feet  and  its  greatest  10  feet;  the  back  was  vertical,  but  the  face  had  an 
inclination  at  the  lower  part  of  5  inches  in  the  foot,  gradually  becoming 
curved  as  it  rose  upwards,  until  at  the  top  it  overhung  slightly.  The 
foundation  course  was  composed  of  large  flat  stones,  laid  horizontally  4 
feet  below  the  surface  of  the  beach,  upon  a  stratum  of  fine  sand  and 
gravel,  firm  when  dry,  but  moveable  when  wet.  The  face  was  of 
hammer-dressed  ashlar,  about  2  feet  thick  ;  the  back  of  rubble,  18  inches 
thick.  The  interior  was  filled  with  concrete.  The  coping  was  composed 
of  stones  each  weig-hing  about  half  a  ton,  connected  by  means  of  cast-iron 
dowels.  The  stone  used  was  Craiylicth  sandstone.  The  face  joints  were 
laid  in  cement  for  a  depth  of  4  inches.  The  foundation  was  protected  by 
a  pitching  of  trap  boulders,  laid  on  the  natural  level  of  the  beach.  They 
were  parlially  disturbed  by  the  storm  referred  to,  and  the  author  ascribed 
this  to  their  weight  being  insufiicient  to  resist  the  vertical  oscillation  of  the 
waves. 

The  second  example  was  a  vertical  sea  wall  near  Trinity,  the  fouodatioa 
of  which  was  protected  by  a  dry  stone  bulwark  sloping  at  angles  of  from 
30  deg.  to  40  deg.  The  wall  was  injured  by  the  the  storm,  but  the  pitch- 
ing was  breached  at  several  points. 

The  third  example  was  another  wall  near  Trinity,  of  a  hyperbolic  sec- 
tion. The  lower  part  had  a  slope  built  dry  up  to  a  Utile  below  high-water 
mark.  At  this  point  there  was  a  sharp  curve,  and  the  upper  part  was 
nearly  vertical,  and  laid  in  mortar.  The  waves  extracted  the  stones  of 
the  curved  portion,  and  ihe  upper  part,  being  undermined,  was  destroyed 
to  a  great  extent. 

The  last  example  was  the  bulwark  of  the  Granton  line,  the  lower  part 
of  which  sloped  at  about  20  deg. ;  the  upper  portion  was  curved,  and  was 
covered  by  a  heavy  projecting  stringcourse  and  parapet.  It  was  built 
dry,  and  the  stones  of  Ihe  lower  part  weighed  not  less  than  half  a  toa 
each.  This  bulwark  sufl'ered  damage  to  a  slight  exteut  on  its  upper  por- 
tion. 

These  examples  were  stated  to  confirm  the  following  principles : — 
That  the  principal  action  of  the  waves  in  front  of  a  sea  wall  was  a  ver- 
tical oscillation,  produced  by  the  combination  of  the  direct  and  the  reflected 
waves  ;  that  a  sloping  bulwark  gave  rise  to  a  sloping  oscillation,  tending 
to  overturn  any  portion  which  projected  above  the  line  of  slope  ;  that 
where  the  strength  of  a  sea  wall  depended  on  the  pressure  of  the  super- 
incumbent masonry,  and  the  adhesion  of  mortar  and  cement,  the  position 
of  greatest  stability  was  vertical;  and  that  when  the  strength  depended 
on  the  weight  of  the  individual  stones,  the  position  of  greatest  stability 
was  a  very  flat  slope. 

In  the  discussion  which  ensued,  instances  were  adduced  of  the  duration 
of  vertical  walls  under  the  attacks  of  heavy  seas,  and,  on  the  other  hand, 
of  their  destruction  when  flat  slopes  had  etfectually  resisted  the  waves  ; 
and  it  was  agreed  that  in  this,  as  in  all  other  cases  of  engineering,  no 
empirical  rules  should  be  laid  down,  but  that  the  skill  of  the  engineer 
should  be  exerted  to  adopt  such  forms  of  construction  as  were  best  adapted 
to  the  locality  and  the  circumstances. 

3Iarch  21. — The  discussion  ou  Mr.  Rankine's  paper  was  continued. 
Letters  were  read  from  l\lr.  Maclean,  describing  the  iiarras  and  Piel  sea 
embankments;  and  from  Mr.  Macdougall  Smith,  on  the  importance  o£ 
using  stone  of  great  specific  gravity  in  sea-works. 
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Mr.  Bateman  staled  the  necessity  of  using  hard  and  tough  stones, 
which  would  resist  disintegration  by  the  friction  of  the  shingle  moved  by 
the  waves. 

Mr.  Murray  corroborated  the  statements  of  Mr.  Bateman,  and  recom- 
mended groynes  as  tlie  best  means  of  collecting  sand  and  gravel,  to  protect 
exposed  coasts,  and  the  foundations  of  sea-works. 

Mr.  Rankisf.  replied  to  some  of  the  remarks  which  had  been  made. 
He  referred  to  Mr.  Scott  Russell's  paper  on  sea  walla,  as  being  partly  con- 
firmed by  his  observations.  He  disavowed  the  intention  of  laying  down 
universal  rules  for  the  construction  of  breakwaters  in  deep  water,  from 
observations  on  walls  built  on  a  flat  beach  ;  but,  to  show  how  the  princi- 
ple of  such  walls  could  be  applied,  he  referred  to  the  Cherbourg  break- 
water, where  the  top  of  a  stone  embankment  formed  an  artilicial  beach, 
on  which  a  vertical  wall  was  founded. 

The  paper  read  was  descriptive  of  '•  A  Metliod  of  Setting  out  a  Rail- 
way Junction."     By  A.  Beaulands. 

The  object  of  the  paper  was  to  supply  a  methodical  rule  for  setting  out 
that  portion  of  a  branch  line  of  railway  included  between  the  rails  of  the 
main  line.  The  author  observed,  that  in  all  ordinary  cases  the  curve  of  a 
branch  line  could  nut  be  set  out  from  the  main  line,  which  was  supposed 
to  be  straight,  by  the  ordinary  methods  of  selling  out  railway  curves, 
since  the  junction  was  required  to  make  an  olfset  of  4  to  5  inches  on  the 
length  of  the  switch-rail,  which  was  much  greater  than  the  offset  made 
from  the  tangent  in  the  same  length  by  a  curve  of  moderate  radius,  so 
that  it  was  necessary  to  make  the  junction  line  start  abruptly  at  a  finite 
angle  with  the  main  line.  He,  therefore,  considered  the  Junction-curve, 
to  be  determined  by  its  passing  through  three  given  points — namely,  the 
two  extremities  of  the  switch-rail,  and  the  furthest  point  of  crossing ;  and 
from  these  data,  lie  showed  how  the  radius  and  centre  of  the  circular  arc 
might  be  found,  as  well  as  the  positions  and  angles  of  the  various  cross- 
ings. To  render  the  method  more  easy  of  application,  the  author  gave  a 
table,  calculated  from  the  principles  and  formulse  laid  down  in  the  paper, 
assuming  an  ordinary  form  of  the  switch,  and  a  series  of  valves  of  the 
lead,  a  distance  of  the  furthest  crossing  extending  to  the  greatest  limit 
likely  to  occur  in  practice. 

In  the  course  of  the  discussion  which  ensued  upon  this  method,  as  com- 
pared with  the  ordinary  system  of  setting  out  junctions  by  a  comparatively 
empirical  rule,  well  understood  and  practised  by  the  platelayers  on  rail- 
ways, Mr.  Wyld's  switch  was  alluded  to,  and  exhibited.  In  this  switch 
all  notching  and  inequality  in  the  bearing  surfaces  of  the  fixeil  rails  were 
shown  to  be  avoided,  by  the  ends  of  the  tongues  being  housed  under  such 
surtaces,  instead  of  being  notched  into  them  :  the  tongues  being  conse- 
quently at  their  points,  and  for  some  distance  between  them,  lower  than 
the  fixed  rails,  exercised  when  they  were  weakest  merely  a  lateral  action 
against  the  wheels,  without  bearing  any  of  the  weight  of  the  passing  trains. 
Several  engineers  who  had  employed  these  switches  extensively,  expressed 
themselves  relative  to  them  in  very  commendatory  terms,  and  staled  that 
they  were  not  only  manufactured  in  a  very  superior  manner,  but  that  their 
action  was  very  perfect,  and  that  they  tended  greatly  to  the  prevention  of 
accidents  in  railway  travelling. 


ROYAL  INSTITUTE  OF  BRITISH  ARCHITECTS. 

Feb.  21— The  Earl  de  Grey,  President,  in  the  Chair. 

Mr.  G.  Cailey,  the  honorary  secretary,  read  the  report  of  the  council  re- 
lative to  the  medals  for  the  session  184  7-8. 

With  reference  to  the  Royal  Medal,  it  w.is  stated  that,  in  pursuance  of 
notification  in  the  various  publications,  English  and  foreign, — "  On  the 
31st  of  January,  1848,  the  council  met  to  receive  nominations  and  applica- 
tions of  candidates,  when  sixteen  n.imes  (eight  Englishmen  and  eight 
foreigners)  were  given  in  and  considered.  The  meeting  being  adjourned  to 
the  14th  of  February,  the  claims  of  the  several  candidates  were  further  con- 
sidered ;  and  a  ballot  being  taken,  the  majority  of  votes  were  found  to  be  in 
favour  of  Mr.  Cockerell ;  and  it  was  accordingly — 'Resolved,  That  the 
Royal  Medal  of  the  Institute  be  awarded  to  Charles  Robert  Cockerell, 
Esq.,  R.A.,  Professor  of  Architecture  in  the  Royal  Academy  of  Arts,  London, 
Member  of  the  Royal  Institute  of  France,  &c!,  in  testimony  of  his  distin- 
guished merits  as  an  architect.' 

For  the  Silver  Medal  of  the  Institute,  offered  for  the  best  essay  ■  On  the 
application  of  sculpture  and  sculptured  ornament  to  architecture,  and  the 
principles  which  should  regulate  their  introduction  into  buildings  generally, 
both  with  regard  to  beauty  of  embellishment  and  propriety  of  style,'— 
Three  essays  have  been  received,  distinguished  by  the  following  mottos : 
No.  1.  •Junius  ,-'— No.  2.  '  Rule  ;'—'No.  3.  'Nisi  utile'esi  quodfaceinusfrustrce 
eat  gloria.^ 

The  three  essays  display  much  ingenuity  and  a  praiseworthy  habit  of  ob- 
servation ;  they  contain  many  judicious  observations  on  the  higher  branches 
of  sculpture,  but  in  general  the  remarks  are  too  indefinite,  and  are  deficient 
in  the  illustration  derivable  from  immediate  reference  to  examples. 

The  authors  appear  to  have  mistaken  the  immediate  aim  of  the  question 
proposed  :— the  subject  is  of  a  practical  and  positive  nature,  in  relation  to  a 
specific  architectural  purpose,  and  was  not  intended  to  elicit  a  disquisition 
upon  the  abstract  attributes  of  sculpture. 

Sculptured  ornament,  a  most  important  section  of  the  programme,  appears 


in  two  of  the  papers  to  have  totally  escaped  the  attention  of  the  writers, 
and  in  the  third  is  only  casually  alluded  to. 

The  council,  however,  are  of  opinion  that  the  author  of  the  essay  headed 
'  Junius '  h&s,  evinced  considerable  talent,  and  that  he  is  justly  entitled  to 
the  medal  oft'ered. 

For  the  Soane  Medallion,  the  subject  being  '  A  design  for  a  building 
to  contain  public  baths  on  a  comprehensive  scale,  with  all  suitable  accessories, 
and  combining  the  magnificence  of  the  ancients  with  the  usages  and  puposes 
of  modern  times,'- — Five  designs  have  been  received  : — A.  Four  drawings  and 
MS.  description,  motto  *  Quod  potui  perfeci.  No.  1.' — B.  Four  drawings, 
motto  *  Quod  potui  perfeci.' — C.  Six  drawings,  motto  '  Ne  nimium  er* 
pedes  anuis  prudeutiep  crescit.' — D.  Three  drawings  marked  '  Aquarius* 
— E.  Two  drawings  and  MS.  description,  marked  '  Chrislophorvs.' 

The  council  cannot  refrain  from  noticing  the  little  attention  which  appears  to 
have  been  given  by  some  of  the  candidates  to  the  printed  conditions,  and 
particularly  as  respects  the  adaptation  of  the  buildings,  '  to  the  usages  and 
purposes  of  modern  times.' 

Although  the  several  designs  are  formed  on  a  scale  sufficiently  compre- 
hensive to  embrace  all  imaginable  as  well  as  suitable  accessories,  in  some  no 
indication  is  given  of  provision  being  made  for  the  varieties  of  medicated 
or  other  baths  so  much  in  use  at  the  present  day  ;  nor  reservoirs,  nor  the 
requisite  apparatus  for  heating  the  large  quantities  of  water  that  would  be 
required  to  supply  such  extensive  warm  and  tepid  baths  as  are  shown  in  the 
drawings ;  neither  are  chimneys  or  shafts  provided  to  carry  off  the  smoke, 
steam,  &c.,  which  it  would  be  impracticable,  under  any  circumstances,  to 
consume. 

The  council  are  of  opinion  that  the  design  marked  '  Chrislophorus  '  pos- 
sesses, on  the  whole,  the  greatest  degree  of  merit,  notwithstanding  the  un- 
favourable manner  in  which  it  is  represented  in  the  drawings  of  the  eleva- 
tions and  sections,  and  suflicient  to  justify  the  bestowing  on  it  the  award 
offered." 

The  author  of  the  essay  marked  "  Juniits,"  is  Mr.  Henry  Bayly'  Gar- 
ling,  associate ;  and  of  the  design  marked  "  Cliristophorus,"  Mr.  Jame.s 
M'Laren,  of  Edinburgh. 

Mr.  Penrose  read  a  paper  "  On  some  of  the  Geometrical  Lines  and 
Optical  Corrections  of  the  Greek  Architects,"  which  will  be  given  next 
month. 

March  G. — C.  Fowler,  V.P.,  in  the  Chair. 

A  paper  was  read,  *'  On  the  Ancient  Buddhist  Architecture  of  India.'*  By 
J.  Fergusson,  Esq. 

Mr.  Fergusson  commenced  by  showing  that  the  generally  assumed  prime- 
val antiquity  of  Indian  buildings  was  not  borne  out  by  facts ;  as  the  oldest 
monuments  in  the  country,  whether  cut  in  the  rock  or  structural,  belonged 
to  the  Buddhists,  and  the  founder  of  that  religion  died  only  543  B.C. :  and 
that  even  that  date  was  too  early,  as  it  did  not  become  the  religion  of  the 
state  till  after  250  b.c,  in  the  reign  of  Asoka, — by  whom  the  earliest  monu- 
ments hitherto  found  in  India  had  been  erected.  After  showing  that  there 
was  no  real  similarity  between  the  architectural  styles  of  Egypt  and  India, 
he  proceeded  to  point  out  that  the  latter  country  was  occupied  by  two  dis- 
tinct races  of  people, — the  one  aboriginal,  and  occupying  the  southern  por- 
tion of  the  Peninsula;  while  the  other,  or  Indo-Germanic  race,  came  into 
the  country,  at  a  tolerably  recent  period,  as  conquerors  or  colonists,  and 
settled  in  the  valleys  of  the  Indus  and  Ganges.  It  was  among  the  latter  race 
that  the  Buddhist  religion  arose  and  flourished  for  more  than  a  thousand 
years,  or  from  before  250  b  c.  till  after  750  a.d., — though  at  the  time  of 
the  Mohammedan  invasion  it  seems  to  have  been  entirely  extinct ;  and  now 
there  was  not  a  Buddhist,  or  an  institution  of  that  religion,  in  the  country 
of  its  birth.  After  alluding  to  the  curious  fact  of  the  names  of  Ptolemy 
Antiochus,  and  other  Greek  kings,  being  mentioned  in  the  inscription  of  this 
Asoka,  Mr.  Fergusson  dwelt  for  some  time  on  the  existence  of  a  purely 
Greek  honeysuckle  ornament  being  found  on  the  pillars  set  up  by  this  king 
at  Allahabad,  and  on  which  one  of  his  inscriptions  is  engraved.  He  then 
proceeded  to  classify  the  religious  edifices  of  the  Buddhists, — dividuig  them 
into  three  classes,  the  first  being  the  Topes,  or  Dagobas,  large  domical 
buildings  erected  to  contain  relics,  many  of  which  still  exist  in  Afghanistan 
and  Ceylon  as  well  as  India.  After  describing  the  various  parts  of  a  dagoba, 
Mr.  Fergusson  showed  how  the  tee,  or  ornament  on  the  top  of  them,  gra- 
dually became  taller  and  taller,  till  it  became  a  three  or  nine  storied  tower, 
not  only  in  India,  but  in  China,— as  in  the  instance  of  the  celebrated  Porce- 
lain Tower  at  Nankin.  The  circular  inclosure  of  the  topes  was  next  illus- 
trated, from  a  curious  example  at  Sanchee,  in  Bhopal,  which  still  retains  its 
singular  gateways.  These  likewise  were  shown  to  be  the  original  of  the 
Pailoos,  or  what  are  impropeily  called  the  triumphal  arches  of  the  Chinese. 
The  next  class  of  monuments  were  the  Cbaityas,or  churches,  which  in  India 
are  known  to  us  only  from  the  caves ;  as  are  also  the  third  class  or  Viharas, 
or  monasteries, — which  served  as  residences  for  the  priests,  and  of  which 
two  or  more  are  attached  to  every  chaitya  in  every  series  of  caves  in  India. 
.\ftcr  pointing  out  their  general  plans  and  arrangements,  Mr.  Fergusson  pro- 
ceeded to  illustrate  the  beautiful  mode  in  which  the  chaitya  caves  were 
lighted  by  one  large  opening  or  window  over  the  entrance  ;  and  then  ex- 
plained the  construction  of  the  roofs, — which,  though  always  circular  in 
form,  were  never  copies  of  arches  (which  were  not  to  be  found  in  India  till 
long  after  the  Mohammedan  invasion),  but  of  wooden  construction  ;  and  in 
some  of  the  earlier  caves  the  original  wood-work  still  existed,  though  in  the 
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more  modern  ones  its  forms  were  repeated  in  the  rock.  After  concluding 
the  Indian  part  of  his  subject,  Mr.  Fergusson  pointed  out  the  striking  simi- 
larity that  existed  between  the  arrangement  of  the  buildings  he  had  been 
describing  and  those  of  Stonehenge, — which  he  had  no  doubt  whatever  was 
a  Buddhist  building  ;  and  he  thought  every  part  of  that  hitherto  mysterious 
erection  admitted  of  easy  explanation  on  that  supposition.  He  concluded  by 
Ehowing  how  domes  were  constructed  in  India;  and  pointed  out  the  simi- 
larity that  existed  between  the  Indian  examples  and  the  well-known  tomb 
at  Mylasae,  in  Asia  Minor — and  the  curious  circumstance  that  the  hog-backed 
Lycian  tombs,  discovered  by  Sir  Charles  Fellows,  strongly  resembled,  not 
only  in  form,  but  in  construction,  those  Indian  buildings  which  had  formed 
the  subject  of  the  lecture  ;  while  the  language  of  the  inscriptions  on  them 
was  a  dialect  of  the  Sanscrit,  about  as  far  removed  from  the  mother  tongue 
as  that  found  on  inscriptions  in  the  Indian  examples. 

March  20. — Mr.  Eaton  Hodgkinson  was  elected  honorary  member,  and 
Mr.  Thomas  Penson  and  Mr.  Edmund  Sharpe,  M.A.,  fellows. 

The  honorary  secretary  announced  the  following  as  the  subjects  proposed 
for  the  medals  : — 

"  Her  Majesty  having  been  pleased  to  grant  her  gracious  permission  for 
the  Royal  Medal  to  he  conferred  on  such  distinguished  architect  or  man  of 
science,  of  any  country,  as  may  have  designed  or  executed  any  building  of 
high  merit,  or  produced  a  work  tending  to  promote  or  facilitate  the  know- 
ledge of  architecture,  or  the  various  branches  of  sciences  connected  therewith, 
the  council  will  in  January,  1849,  proceed  to  award  the  Royal  Gold  Medal 
to  the  author  of  some  literary  publication  connected  with  architecture. 

"  The  Silver  Medals  of  the  Institute  will  he  awarded — 
"  1.  To  the  best  essay  on  the  peculiar  characteristics  of  the  Palladian  school 
of  architecture,  and  a  comparison  and  contrast  of  its  elementary  principles 
and  details  with  those  of  ancient  art. 

"  2.  On  the  best  manner  of  covering  the  roofs  and  forming  the  flats  and 
gutters  of  buildings  ;  the  nature  of  the  several  materials  used  in  various  parts 
of  the  country  for  these  purposes ;  their  most  efi^ectual  and  economical  ap- 
plication ;  the  inclination  to  be  given  to  the  diflFerent  parts,  and  the  other 
practical  precautions  to  be  adopted  to  prevent  snow  and  rain  penetrating 
into  the  building. 

"  The  Soane  Medallion  to  the  best  design  for  a  building  to  serve  as  a 
national  repository  and  museum  for  the  illustration  and  exhibition  of  the 
productions  of  the  industrial  arts. 

"  The  successful  competitor  for  this  medal,  if  he  go  abroad,  will  be  entitled 
to  the  sum  of  501.  at  the  end  of  one  year's  absence,  on  sending  satisfactory 
evidence  of  his  progress  and  his  studies." 

Amongst  the  books  presented  were  an  essay,  on  "  Cyclopean  Walls" 
{Kyklopischen  Mauern,)  by  Dr.  Forchammer ;  parts  of  M.  Daly's  "  Rtvue 
Generate  de  V Architecture,"  and  of  Mr.  Fergusson's  beautiful  work  on  Indian 
architecture.  The  foreign  secretary,  in  commenting  on  the  donations, 
pointed  attention  to  an  article  in  the  Rnue  Gene'rale,  complimentary  to  the 
Institute  for  not  restricting  the  competition  for  the  Gold  Medal'  to  this 
kingdom. 

Allusion  was  made  to  the  circumstance  that  all  the  impressions  of  Mr. 
Leitch's  translation  of  Miiller's  "  Ancient  Art  and  its  Remains"  (of  which  a 
copy  was  presented  to  the  Institute  at  the  last  meeting),  had  been  destroyed 
by  fire. 

Amongst  the  letters  read,  was  one  from  Herr  Lange,  of  Fiilda,  acknow- 
ledging the  honour  of  his  election,  and  setting  forth  several  subjects  on 
which  he  could  afford  information,  especially  the  Carlovingian  monuments 
(eighth  and  ninth  century),  of  his  neighbourhood,  and  a  collection  of  terms 
in  use  amongst  the  workmen  of  the  middle  ages. 

Mr.  T.  H.  Wyatt  read  a  paper  on  the  "  History,  Present  Condition,  and 
Proposed  Restoration  of  Llandaff  Cathedral." 


ROYAL  SCOTTISH  SOCIETY  OF  ARTS. 

Feb.  28. — George  Buchanan,  Esq.,  F.R.S.E.,  President,  in  the  Chair. 
ON  CAST-IRON. 

At  the  request  of  the  council,  an  exposition  "  On  the  Strength  of  Mate- 
rials,  particularly  Cast-Iron  and  Malleable  Iron,  and  their  application  in 
the  construction  of  Railway  Bridges  (Part  I.),"  was  given.  By  George 
Buchanan,  Esq.,  President. 

On  this  subject,  so  important  at  the  present  time  from  the  extensive  use  of 
these  materials  in  the  construction  of  bridges  for  railways,  and  from  the  new 
and  extraordinary  forms  and  dimensions  which  they  are  now  beginning  to 
assume,  the  council  of  the  Society  had  requested  their  President  to  make  a 
communication  on  the  present  state  of  our  knowledge  and  practice,  and  this 
evening  he  read  the  first  part  of  this  communication,  illustrating  his  subject 
by  various  interesting  experiments  and  models,  more  particularly  a  large  and 
beautiful  model,  with  drawings  and  elevations,  of  the  high  level  bridge  across 
the  Tyne  at  Newcastle,  which,  through  the  liberality  of  Mr. Robert  Stephen, 
son,  the  engineer  of  the  bridge,  he  was  enabled  to  exhibit,  and  to  explain 
the  situation,  extent,  and  construction  of  this  great  work  in  all  its  details. 

Mr.  Buchanan  began  by  stating  that  he  did  not  profess  to  communicate 
anything  new  or  original,  but  would  be  happy  if  he  could  only  draw  from 


the  stores  of  information  which  had  of  late  years  been  accumulating  on  this 
subject,  under  the  hands  of  very  eminent,  scientific,  and  practical  men,  such 
leading  facts  and  maxims  as  might  prove  a  safe  guide  for  our  practice  ;  and 
such  truths,  when  they  became  known  and  established  on  the  unerring 
grounds  of  experiment  and  calculation,  could  not,  he  thought,  be  too  widely 
disseminated.  The  various  strains  might  be  all  reduced  to  two  kinds,  ac- 
cording as  the  material  is  either  distended  or  compressed  by  any  force  or 
pressure.  From  these  two  all  others  arise,  and  either  consist  or  are  com- 
pounded of  them.  The  tensile  strain  is  the  simplest  of  all,  depending  neither 
on  the  peculiar  form  of  the  materials,  nor  even  on  the  length,  but  only  on  a 
single  element,  namely,  the  Section  of  Fracture.  This  peculiarity  of  the  ten- 
sile force  was  explained  and  illustrated.  In  regard  to  cast-iron,  the  result 
of  the  extensive  and  interesting  experiments  by  Messrs.  Hodgkinson  and 
Fairbairn  was  given,  and  it  was  found  from  the  mean  of  IG  different  trials  of 
English,  Welsh,  and  Scotch  iron,  both  hot  and  cold  blast,  that  this  material 
will  sustain  about  7A  tons  per  square  inch  before  breaking,  the  weakest  spe- 
cimen being  6,  and  the  strongest  9  J  tons.  The  limit  of  fracture,  however,  can 
never  be  approached  with  safety,  not  even  within  a  long  distance,  seeing  that 
this  material  is  liable  to  unseen  imperfections,  and,  above  all,  to  snap  in  a 
moment  without  distending  itself  or  giving  any  warning  of  danger.  Mal- 
leable iron,  again,  is  much  superior  in  tensile  strength,  and,  by  its  remarkable 
ductility,  inspires  confidence  in  a  still  higher  degree;  bears  no  less,  at  an 
average,  by  various  experiments  of  Telford  and  Brown,  than  27  tons — the 
weakest  24,  and  the  strongest  29  tons ;  but,  before  the  half  of  this  load  is 
applied,  it  begins  to  stretch,  and  continues  stretching,  up  to  the  limit  of 
fracture.  It  is,  therefore,  not  only  three  times  stronger  than  cast-iron,  but 
may  be  safely  loaded  with  five  times  the  breaking  weight,  or  about  eight  or 
nine  tons. 

In  regard  to  the  strength  of  compression,  this  depends  also,  as  long  as  the 
length  is  limited,  on  tlie  same  element — the  Section  of  Fracture ;  but  when 
a  long  rod  or  slender  pillar  is  loaded  or  compressed,  it  is  liable  to  bend,  not 
for  want  of  strength,  but  for  want  of  stability,  the  least  flexure  turning  it  oif 
its  centre,  and  breaking  it  by  lateral  force,  deranging  entirely  the  simple  law 
applicable  to  short  lengths.  In  regard  to  cast-iron,  by  far  the  most  satisfac- 
tory experiments  are  those  by  Hodgkinson  and  Fairbairn.  The  mean  result 
gives  very  nearly  50  tons  on  the  square  inch — the  weakest  361  tons,  and  the 
strongest  60  tons.  It  is  thus  six  times  stronger  in  compression  than  in  dis- 
tension, and  hence  it  is  peculiarly  recommended  for  sustaining  any  superin- 
cumbent weight,  as  in  the  case  of  pillars  and  of  bridges,  provided  the  con- 
struction is  such  as  to  resolve  the  strain  arising  from  the  load  into  a  longi- 
tudinal compression.  This  is  often  in  our  power  by  proper  arrangements, 
chiefly  giving  a  sufficient  height  and  curvature  to  the  arch;  but  in  cases 
where,  for  the  want  of  head-room,  the  arch  is  unduly  flattened,  or  resolved 
into  a  straight  beam  or  girder,  the  danger  is  that  we  bring  the  tensile  force 
into  play,  and  then  the  use  of  cast-iron  is  objectionable,  or  at  least  requires 
extreme  caution.  No  direct  experiments  have  been  made  on  malleable  iron 
of  short  lengths ;  but  from  some  facts  brought  out  by  Mr.  Hodgkinson,  its 
strength  appears  much  inferior  to  cast-iron,  chiefly  from  ductility,  whereby 
it  gives  way  much  sooner  under  a  load.  It  will  bear  27  tons,  probably  much 
more,  without  fracture ;  but  with  12  tons  it  yields  to  the  load,  contracts 
longitudinally,  and  swells  out  laterally  ;  and  this  is  another  very  important 
fact  for  our  guidance  in  the  use  of  those  diff'erent  luaterials.  In  regard  to 
stone,  experiments  have  been  generally  made  on  specimens  rather  too  minute. 
Like  cast-iron,  the  crushing  strength  is  superior  to  the  tensile,  and  hence  its 
adaptation  for  buildings,  particularly  bridges.  Cralgleith  stone  will  bear  2J 
tons  on  the  inch,  or  upwards  of  400  tons  on  the  square  foot ;  Aberdeen 
granite  600  tons.  In  regard  to  bricks,  he  had  occasion  to  make  experiments 
in  relation  to  the  great  chimney  of  the  Edinburgh  Gas  Works.  It  became 
matter  of  consideration  whether  the  ordinary  brick  could  withstand  the 
pressure  of  so  lofty  a  column.  Trials  were  therefore  made  with  a  powerful 
hydrostatic  press,  not  on  small  specimens,  but  on  the  actual  brick.  The 
ordinary  stock  brick  was  found  to  bear  140  tons  on  the  square  foot,  and  the 
common  fire-brick  157  tons ;  hut  the  brick  of  which  the  chimney  is  con- 
structed, consisting  of  a  mixture  of  fire-clay  and  ironstone,  bore,  a  single 
brick  on  its  bed,  no  less  than  140  tons,  equal  to  400  tons  on  the  square 
foot. 

The  effect  of  the  transverse  strain  was  then  considered  and  illustrated  by 
various  experiments  and  models.  This  strain  is  a  compound  of  the  tensile 
and  compressive  strain,  the  one  part  of  a  beam  loaded  in  the  middle  being 
compressed  and  the  other  distended,  and  the  beam  itself  becoming  a  lever, 
and  acting  often  with  enormous  power  against  its  own  strength.  Hence  it 
became  easy  to  calculate  the  strength,  this  being  in  every  case  proportional 
in  the  first  instance  to  the  area  of  the  Section  of  Fracture,  and  this  original 
element  modified  by  the  length  and  depth  of  the  beam,  diminishing  in  exact 
proportion  to  the  length,  and  increasing  in  proportion  to  the  depth. 

The  transverse  strain  acting  with  such  severe  advantage  against  our  mate- 
rials, various  methods  have  been  contrived  for  eluding  its  eftects,  and  of  these 
none  is  more  remarkable  than  the  principle  of  the  arch,  tbe  effect  of  which 
was  illustrated  by  experipients,  and  particularly  the  necessity  in  flat  arches 
of  having  secure  abutments  to  resist  the  horizontal  thrust,  and  this  was  fre- 
quently accomplished,  where  there  is  sufficient  head-room,  by  uniting  the  ex- 
tremities of  the  arch  by  strong  malleable  iron  rods,  in  the  same  manner  as 
in  the  case  of  the  roof,  the  feet  of  the  rafters  are  united  and  prevented  from 
spreading  by  the  tie-beams ;  and  this  is  the  principle,  the  securest  of  all,  on 
which  the  great  iron  bridge  at  Newcastle,  now  in  progress,  is  constructed 
tbe  object  of  which  is  to  cross  the  river  and  valley  of  the  Tyne,  on  the  highest 
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level  of  the  railways  ott  each  side,  so  as  to  unite  them  in  one  uninterrupted 
line  from  London  to  Berwick,  and  unite  the  termini  of  the  different  railways, 
now  separated  three  quarters  of  a  mile  or  more,  into  one  grand  central  sta- 
tion, a  little  to  the  west  of  the  ancient  Castle.  The  distance  between  this 
station  and  the  present  terminus  of  the  York  and  Newcastle  Railway  is  3,457 
feet,  consisting  chiefly  of  the  space  occupied  by  the  bed  of  the  river  Tyne, 
and  the  steep  banks  on  each  side,  well  known  to  travellers  in  descending  from 
Gateshead  Fell  on  the  south,  and  Dean  Street  on  the  north,  both  to  be  now 
superseded  by  the  smooth  and  level  surface  of  the  railway,  and  by  a  turnpike 
road  running  on  the  same  bridge  directly  under  the  line  of  rails.  I  he  steep 
banks  on  each  side  are  spanned  by  stone  arches  of  a  very  substantial  charac- 
ter, the  river  and  low  banks  by  six  metallic  arches,  all  of  the  same  dimen- 
sions and  structure,  resting  on  solid  piers  and  lofty  columns  of  masonry.  In 
the  bed  of  the  river  the  piers  are  laid  on  very  solid  foundations  of  piles  and 
planking,  with  concrete,  many  of  the  piles  40  feet  in  length,  and  driven  to 
this  depth  through  hard  gravel  and  sand  till  they  reacli  the  bed  of  freestone 
rock.  Nasmyth's  celebrated  pile-driver  is  in  full  operation  here,  and  with 
wonderful  effect,  and  has  come  most  opportunely  in  aid  of  the  work  ;  driving 
night  and  day,  at  the  rate  of  60  or  70  strokes  a  minute,  the  pile  heads  being 
often  set  on  fire  by  the  rapidity  and  violence  of  the  blows  of  the  ram.  Piers 
laid  2  feet  below  low-water  mark,  and  raised  about  100  feet  to  the  springing 
of  the  arches.  The  arches  consist  each  of  4  main  ribs  of  cast-iron,  each  in  5 
segments  bolted  together,  and  forming  one  entire  arch  125  feet  span,  and 
rising  17  ft.  6  in.  in  the  centre,  and  the  level  of  the  rails  on  the  upper  plat- 
form 108i  feet  above  the  level  of  high-water  mark  of  the  Tyne.  Depth  of 
the  rib  3  ft.  9  in.  at  the  springing,  and  3  ft.  6  in.  at  the  crown,  with  flanches 
12  inches  broad,  external  ribs  2  inches  thickness  of  metal,  internal  ribs  3 
inches.  Total  sectional  area  at  the  crown  644  square  inches,  which  would 
bear  with  safety  a  load  of  5,000  or  6,000  tons,  and  would  form,  with  proper 
abutments,  a  strong  arch  in  itself;  but  for  the  fullest  security,  and  to  prevent 
the  possibility  of  inconvenience  or  risk  from  deflection  or  vibration,  or  other- 
wise, each  rib  is  united  at  tlie  springing  by  strong  malleable  iron  bars  or 
ties,  7  inches  broad  and  1  inch  deep,  of  the  best  scrap  iron,  and  in  all  24  in 
number.  The  railway  is  supported  above  the  arch,  and  the  roadway  sus- 
pended from  beneath,  by  hollow  cast-iron  pillars  10  feet  apart,  and  each  14 
inches  square,  through  which  are  passed  strong  malleable  iron  circular  bars, 
binding  the  whole  into  one  stiff  and  solid  mass.  The  sectional  area  of  the 
horizontal  bars  is  1G8  square  inches,  which  would  sustain  upwards  of  4,000 
tons  without  breaking,  and  1,500  tons  with  perfect  safety,  but  the  whole 
weight  of  the  bridge  will  not  exceed  700  tons,  leaving  800  tons  of  surplus 
strength.  The  railway,  which  is  at  the  summit  level,  runs  oa  a  level  4  feet 
above  the  crown  of  the  arched  rib,  and  is  supported  in  the  middle  by  hollow 
cast-iron  trough  girders  resting  on  the  top  of  the  pillars  10  feet  apart,  and 
united  by  longitudinal  timbers  laid  with  strong  planking.  The  roadway  runs 
nearly  on  a  level  with  the  malleable  iron  ties,  leaving  a  space  of  about  20 
feet  clear  head-room. 

In  the  whole  of  the  work  the  utmost  pains  has  been  bestowed  on  materials 
and  workmanship,  and  in  making  everything  complete,  the  surfaces,  which 
abutt  together,  being  regularly  planed  or  turned,  as  in  machinery  ;  and,  from 
all  the  arrangements,  the  most  successful  results  may  be  anticipated  from 
this  bridge.  The  cost  of  the  iron  work  and  roadway,  by  the  estimates, 
jomes  to  £112,000,  and  the  contracts  for  the  bridge  and  viaducts  to  some- 
hing  above  £300,000. 


CONWAY  BRIDGE,  CHESTER  AND  HOLYHEAD 
RAILWAY. 

We  give  the  following  details  of  floating  the  tubular  bridge  at  Conway, 
on  account  of  their  highly  interesting  characler.  Next  month  we  hope  to 
be  able  to  give  full  particulars  of  the  raising  of  the  tube  and  the  ma- 
chinery. 

In  sight  of  a  large  concourse  of  people,  covering  the  whole  space  of  the 
suspension-bridge,  the  towns  and  walls  of  the  noble  old  castle,  and  the 
fields  in  the  background  of  the  spot  on  which  it  was  built,  the  wonderful 
effort  of  science,  the  tube-bridge,  was  floated  at  11  a.m.,  on  the  Cth  ult., 
and  moved  from  the  piles  and  slays  oil  which  it  was  constructed,  and 
fairly  brought  into  the  tide-way  of  the  Conway,  while  its  flood-tide  was 
running  at  the  rate  of  at  least  two  miles  per  hour.  It  appeared  to  float 
with  the  greatest  ease,  and  not  immersing  the  six  pontoons  on  which  it 
rested  (three  at  either  end)  to  within  at  least  3  feet  of  their  decks.  The 
precautions  taken  by  Capt.  Claxtou,  R.N.,  to  whose  sole  direction  the 
transporting  of  this  enormous  mass  was  committed,  were  admirably  cou- 
trived  to  keep  the  machine  suspended  over  the  fixed  piers,  to  await,  as  it 
were,  the  decision  of  the  engineer  as  to  whether  the  perilous  step  of 
launching  into  tlie  deep  (for  deep  indeed  is  the  river,  12  fathoms  at  low 
water)  should  be  proceeded  with,  or  whether  the  valves  should  be  lifted, 
and  the  tube  dropped,  as  it  were,  again  in  place,  upon  ils  piers — many  cir- 
cumstances appearing  to  bear  upon  that  dettrniinatiou  ;  the  strength  of 
the  current;  the  height  to  which  the  tide  promised  by  its  comparative 
rising;  and  the  strength  of  the  wind.  At  about  11  a.m.,  however,  the 
tide  appeared  to  slacken,  and  tlie  resolution  was  formed,  for  all  at  once 
the  chains  and  ropes  were  hove  upon,  and  in  ten  minutes  it  had  paseJ  that, 
the  first  Kubicou— gradually  but  steadily  it  approached  (he  site  intended 


for  it.  Mr.  .Stephenson,  with  Mr.  Edwin  Clarke  and  Mr.  Brunei,  accom- 
panied Capt.  Claxton,  who  directed  the  proceedings.  He  used  two  figures, 
of  large  dimensions,  Nos.  1  and  2  :  when  the  red  side  was  shown  of  the 
former  number,  a  capstan  fixed  on  the  road  from  Conway  to  the  tube  works 
was  hove  upon  ;  when  the  while  side  was  shown  the  heaving  stopped,  and 
a  similar  operation  with  No.  2  governed  the  operations  of  a  powerful 
capstan  (lent  by  the  Admiralty),  fixed  on  the  railway  on  the  Chester  side, 
with  its  rope  made  fast  to  the  inside  of  the  tube,  on  that  end.  In  the 
pontoons  three  enormous  masses  of  timber,  9.5  feet  long  by  25  feet  wide, 
and  8  feet  deep,  bound  together  by  powerful  crabs  worked  by  44  men, 
hove  upon  the  chains,  which  had  previously  been  tightened  up  by  a  large 
crab,  at  which  a  dozen  or  more  men  strained  with  their  utmost  efforts  at 
either  end  on  shore,  one  end  of  each  chain  being  fixed  at  the  piers  of  the 
suspension-bridge,  while  the  other  ends  were  fast  to  the  aforesaid  crabs, 
on  the  opposite  side  of  the  river  :  on  these  chains  the  pontoons  appeared 
to  traverse.  The  western,  or  Conway  end,  was  pointed  first,  but  did  not 
come  quite  home  afterwards.  The  eastern,  or  Chester  end,  was  dropped 
in  after,  or  while  the  ebb  was  making  ;  but  before  it  reached  by  about  a 
dozen  feet  the  exact  berth,  it  took  the  mason-work,  and  no  ellbrt  could 
disengage  it.  Nevertheless,  it  was  over  its  bed  suUiciently  to  be  landed 
and  bedded  up  with  timber  previously  prepared  from  a  lower  bed,  which 
had  been  provided  in  case  the  tide  should  fall  before  the  upper  bed  could 
be  reached.  The  most  extraordinary  efforts  were  made  with  screws  and 
tackles,  no  less  than  four  of  which  latter  were  at  one  time  applied,  besides 
the  Chester  side  crab,  manned  by  60  people,  while  the  tide  was  falling,  to 
overcome  the  obstacle  ;  but  they  appeared  to  be  ineffectual,  and  Capt. 
Claxton  was  heard  to  give  orders  for  bedding  up,  which  was  speedily  ac- 
complished. The  barges  were  then  sunk  a  little,  and  the  noble  fabric 
rested  very  near  the  hydraulic  presses  which  are  to  be  used  in  raising  it. 
Eighty  men  were  in  each  set  of  pontoons— one  set  commanded  by  Capt. 
Dunce,  R.N.,  an  assistant  of  Mr.  Brunei,  and  the  other  set  by  Lieut. 
Blatchley,  R.N.,  the  crews  under  them  performing  the  principal  work, 
being  sailors  from  the  "  Home,"  of  Liverpool.  In  the  tube  attending  the 
hawsers,  were  the  officers  and  some  of  the  crew  of  the  Great  Britain. 
On  the  top,  on  the  Conway  side,  Mr.  Fairbairn,  of  Manchester,  had  the 
direction  ;  and  on  the  Chester  side,  Lieut.  Glenny,  R.N.  The  great  dif- 
ficulty to  be  overcome  was  apparent — the  small  space  to  play  in — for  on 
the  Conway  side  it  wants  9  inches,  by  actual  admeasurement,  of  being 
home,  or  in  place;  while  on  the  Chester  side,  it  is  fairly  jambed  against 
the  masonry — so  that  in  fact  there  were  barely  9  inches  free  in  400  feet. 
No  sooner  had  the  tide  fallen  sufficiently  than  the  obstacle  to  the  exact 
fixing  in  position  became  apparent  to  all.  The  inner  pontoon  was  butting 
at  ils  end  against  and  partly  on  a  rock.  It  took  the  ground  which  had 
been  blasted  away  from  the  solid  rock  in  consequence  of  having  got  a 
little  twisted  previously  to  starling,  we  were  assured  full  4  feet.  On  the 
11th  ult.,  the  tube  was  again  floated  by  the  pontoons,  and  was  finally 
placed  with  ils  two  ends  resting  upon  the  shelves  of  masonry  constructed 
to  receive  it,  prior  to  its  being  raised  to  the  elevation  at  which  it  is  placed, 
about  15  feet  or  16  feet  above.  The  lifting  of  this  enormous  mass  of  iron, 
which  weighs  about  1,300  tons,  is  to  be  effected  by  two  hydraulic  presses, 
with  18-inch  rams,  and  pumps  f  of  an  inch  diameter.  These  pumps  are 
to  be  worked  by  steam-engines,  which  will  give  a  pressure  equal  to  3  tons 
on  the  circular  inch,  or  a  total  lifting  power  for  each  press  of  972  tons, 
which,  of  course,  will  be  amply  suflicient  for  the  purpose.  Each  press 
has  a  lift  of  6  feet ;  and,  as  the  ends  of  the  tube  rise,  the  masonry  which 
is  intended  to  support  them  will  be  carried  up  from  the  shelves  on  which 
they  now  rest. 


AUXILIARY  STEAM-POWER  FOR  VESSELS. 

Sir — In  consequence  of  the  great  extension  of  railways,  and  the  facility 
they  give  for  quick  transit  of  goods,  they  are  operating  seriously  against 
the  shipping  interests  and  coasting  trade ;  and  unless  some  mode  can  be 
adopted  by  which  coasting  vessels  can  be  made  to  compete  with  the  raiU 
ways,  this  trade  will  be  completely  destroyed,  which  will  be  a  serious 
loss  to  many  harbours,  and  also  the  mercantile  interests  of  the  country  ; 
as  railways  will  obtain  not  only  the  light  and  best-paying  goods,  but  also 
many  of  the  more  bulky  articles,  in  consequence  of  the  want  of  regular 
sailing  traders. 

I  think  it  would  be  interesting  to  many  of  your  readers  who  feel  a  deep 
interest  on  this  subject,  to  ascertain  what  has  been  done  in  many  places 
by  employing  small  steam-power  auxiliary  to  sailing  vessels;  and  as  you 
have  the  means  of  doing  so,  I  have  taken  the  liberty  of  directing  your  at- 
tention to  tliis  important  subject,  which  many  of  yourcorrespoudents  could 
easily  supply,  and  auswer  such  queries  as  the  following  :— 

The  best  system  of  applying  auxiliary  steam-power  to  vessels  in  the 
coasting  trade,  of  150  to  200  tons  burden  per  register? 

A  description  of  any  such  .' 

Whelher  wood  or  iron  preferable,  aud  the  cost? 

The  size  of  engine  or  horse-power,  aud  whether  applied  to  screw  or 
paddles? 

The  draught  of  water,  &c.  &c.,  and  any  particulars  as  to  Ihe  trade 
they  may  be  engaged  in,  and  how  they  are  answering? 
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N.B. — Some  time  ago,  a  vessel  was  tried  on  tlie  Thames  (no  notice  of 
which  has  been  taken  in  the  Engineer's  Journal),*  called  the  Albion,  with 
a  new  system  of  propellers,  patented  by  a  Mr.  Simpson,  which  was  very 
favourably  spoken  of  as  being  adapted  for  the  purposes  referred  to  by  me. 
— Could  you  stale  any  particulars  connected  with  it? 

Trusting  you  may  not  consider  my  suggestions  as  out  of  place,  and 
that  any  notice  you  give  in  your  Journal  of  such  improvements,  will  be 
very  interesting,  and   give    much  information  to  many   of  you  readers, 

I  remain,  &c., 

A.B. 

[*  We  were  not  present  at  the  eiperiment,  and  not  having  much  faith  in  newspaper 
reports,  is  the  reason  we  have  not  noticed  them. — Ed.] 


NOTES  OF  THE  MONTH. 

An  hydraulic  telegraph  is  now  being  exhibited  in  the  arcade  at  Exeter 
Change.     It  is  on  a  very  small  scale,  but  works  well. 

On  the  Monmouth  and  Hereford  line,  a  wooden  bridge  over  the  Wye  is 
to  be  erected,  at  a  height  of  50  feet  al)0ve  high-water  mark.  The  embank- 
ments are  now  in  a  forward  state,  and  the  frame-work  is  being  prepared  at 
Bristol. 

Mr.  John  FairfuU  Smith,  secretary  of  the  leading  Glasgow  railways,  has 
addressed  a  letter  to  the  Lord  Provost,  in  reference  to  the  late  riots,  and 
urges  the  necessity  of  aid,  by  a  government  loan  being  given  to  the  railways. 
He  says  that  10,000  men,  who  are  now  supported  by  the  public,  might  be 
employed  on  the  railways  in  the  neighbourhood  of  Glasgow,  which  are 
stopped  by  the  state  of  the  money  market.  The  same  views  are  spreading 
among  the  railway  interest,  and  the  mischief  is  felt  of  the  repressive  mea- 
sures which  were  connived  at  by  the  established  companies,  thinking  they 
should  not  feel  the  pressure.  We  always  deprecated  the  government 
tampering,  and  the  propriety  of  the  cause  we  have  advocated  is  fully  jus- 
tified by  events.  We  do  say  the  great  question  is,  whether  so  many  hundred 
thousand  powerful  and  uneducated  men  should  be  left  in  a  state  of  idleness, 
or  whether  they  shall  be  employed  on  public  works  ?  They  are  already 
maintained  by  their  own  savings,  by  the  contributions  of  their  friends,  by 
credit  given  by  the  small  shop-keepers,  or  by  theft,  or  in  jail,  or  in  the  work- 
houses. The  question  is  not  one  of  finding  mere  food,  but  of  giving  work 
which  shall  do  good  to  the  common  stock,  and  put  the  men  iu  a  happier 
condition.  We  hope  the  legislation  will  immediately  be  amended,  the 
power  of  sueing  for  calls  be  withdrawn,  and  the  power  be  given  of  allowing 
interest  on  calls,  likewise  a  further  power  of  raising  money  on  debenture,  or 
on  loan  notes.  As  the  government  have  by  their  measures  brought  railway 
works  to  a  stand,  or  dead  lock,  temporary  and  exceptional  measures  might 
be  allowed,  in  order  to  set  the  machinery  of  investment  again  in  action. 
We  would  even  countenance  the  issue  of  railway  notes,  which  should  be  a 
legal  tender  for  all  railway  payments  and  calls,  or  the  advance  by  govern- 
ment of  exchequer  bill  loans ;  though  on  all  ordinary  occasions,  we  have 
always  been  opposed  to  their  interference  in  any  shape.  The  abolition  of 
the  Railway  Board,  founded  on  wrong  principles  of  legislation,  and  calcu- 
lated to  preserve  their  memory,  we  consider  an  essential  preliminary  to  a 
healthy  course  of  action  on  the  part  of  the  government  to  the  railways. 

The  electric  telegraph  is  now  taken  up  by  the  publicans.  A  dial  is  used 
in  a  smoking-room,  marked  with  the  various  articles  wanted,  and  correspond- 
ing with  a  similar  dial  in  the  bar. 

A  Royal  Institution  of  Engineers  has  been  founded  at  the  Hague,  which 
has  two  hundred  members. 

On  Annealing  Glass  Tubes. — M.  Bontemps  read  a  paper  at  the  Industrial 
Society  of  Mulhausen,  on  the  causes  of  the  breaking  of  glass  tubes  and  cy- 
linders. In  order  that  a  glass  tube  be  in  good  condition,  it  is  necessary  that 
the  interior  particles  should  give  way  at  the  same  time  as  the  exterior. 
For  this  purpose,  the  tubes — such,  for  instance,  as  thermometer,  baro- 
meter, and  pressnre-gauge  tubes — are  placed  in  a  baking  or  annealing 
furnace,  called  the  baking  furnace,  a  brick  casing  of  6  inches  diameter,  and 
the  length  the  tubes  may  require.  This  furnace  is  heated  at  one  end  to  a 
dull  red  heat,  at  which  the  glass  is  nearly  malleable,  but  not  put  out  of 
shape  ;  they  are  then  (being  in  sheet-iron  carriages,  on  wheels)  drawn  gra- 
dually to  the  cool  end  of  the  furnace,  but  so  slowly,  as  only  to  traverse  the 
distance  in  from  15  to  24  hours,  according  to  the  nature  of  the  glass  thus 
drawn  gradually  through  a  diminishing  temperature  to  that  of  the  at- 
mosphere. There  is  a  vast  difference  between  glass  baked  and  that  un- 
baked— the  latter  is  not  so  homogeneous,  and  polarises  the  light  in  passing 
through  it.  By  applying,  therefore,  a  fragment  of  a  tube  to  a  polarising 
apparatus,  it  can  be  ascertained  if  the  tube  has  been  baked. 

A  Rare  Shot. — Commander  Mackinnon  in  his  "  Steam  Warfare  on  the 
Parana,"  mentions  the  following  almost  incredible  instance  of  a  shot  passing 
through  both  of  the  paddle-wheels  of  his  vessel,  without  touching  any  part 
of  either : — "  It  struck  the  paddle-box  on  the  enemy's  side,  3  feet  or  4  feet 
above  the  shaft,  went  clean  through  the  wheel  without  touching  any  part 
of  it,  and  then  passed  across  the  deck  and  through  the  other  paddle-box, 
not  above  18  inches  from  the  shaft,  still  not  touching  a  single  blade,  or  any 
portion  of  the  paddles.  At  the  rate  the  wheels  were  revolving  (about  17 
times  a  minute),  it  appeared  quite  impossible  to  fire  a  pistol-ball  through 


without  striking  some  part  of  them ;  and  yet  this  18  lb.  shot  had  gone 
through  both  wheels,  leaving  no  mark  but  the  hole  at  entering  on  one  side 
and  departing  on  the  other. 

Curious  Phenomena  of  Fire. — At  the  Royal  Institution,  on  the  1 7th  of  Feb- 
ruary last,  a  furnace  was  erected  for  the  purpose  of  making  some  experi- 
ments on  glass  manufacture  by  Mr.  Pellatt.  In  consequence  of  some  accident, 
the  lecture-room  was  nearly  set  on  fire,  but  by  timely  aid  the  flames  were  ex- 
tinguished.  After  a  lecture  at  the  Institution  on  the  following  Friday,  Prof. 
Faraday  called  the  attention  of  the  members  to  two  circumstances  of  philo- 
sophical interest  which  had  happened  during  the  momentary  apprehension 
of  fire. — 1.  At  three  different  times  the  water  poured  on  the  cinders  of  the 
temporary  furnace,  when,  on  the  fire  being  drawn,  they  fell  on  the  hearth, 
became  decomposed  by  the  ignited  carbon;  and  the  hydrogen, driven  by  the 
sudden  expansion  of  steam,  &c.,  having  penetrated  the  hot  and  porous 
hearth-stone,  found  its  way  to  the  heated  beams  and  space  which  weie  im- 
mediately beneath. — 2.  This  gas,  though  not  in  the  state  of  flame  as  it 
passed  through  the  hearth-stone  and  pugging,  was  after  being  mixed  with 
the  air  below  sufficiently  hot  to  enter  into  combustion, — producing  three 
gushes  of  flame  downwards  from  beneath  the  hearth : — and  it  was  experi- 
mentally shown  that  a  temperature  so  low  as  barely  to  scorch  paper,  and  in 
which  the  hand  may  be  held  for  some  seconds  without  inconvenience,  is  yet 
able  to  ignite  a  jet  of  coal  or  hydrogen  gas  in  air. 

Liverpool  JVaterwor/is. — The  two  Companies  which  supplied  the  town 
with  water,  and  the  Corporation  of  Liverpool  who  were  empowered  by  Act 
of  Parliament  to  purchase  the  existing  interests  for  the  purpose  of  taking 
the  whole  supply  into  their  own  hands,  appointed  Mr.  Robert  Stephenson  as 
sole  arbitrator  to  determine  the  amount  of  compensation  to  be  paid  to  each 
Company.  After  a  patient  hearing  of  all  parties,  and  a  minute  inquiry  inte 
the  works,  he  has  made  his  award,  by  which  the  Harrington  Water  Company 
are  to  receive  £330,719  and  the  Bootle  Water  Company  £354,000.  The 
former  claimed  £570,000  and  the  latter  £354,000. 

Carlton  Cluh  Designs. — A  correspondent  informs  us  that  in  a  former 
number  of  the  Journal,  we  were  in  error  in  attributing  to  Mr.  Sidney  Smirke 
the  "  sole  designing"  of  the  Carlton  Club,  now  erecting  in  Pall  Mall,  as  well 
as  "  the  adaptation  of  Sansovino"  in  the  exterior.  He  also  states  that  the 
designs  were  entirely  completed  and  sent  in  under  the  arrangement  of  the 
late^Mr.  Basevi  and  Mr.  Sidney  Smirke,  during  the  lifetime  of  the  former, — 
and  that  though  Mr.  S.  Smirke  may  possibly  make  some  deviations  from 
their  joint  arrangement,  yet  the  designs  are,  in  the  main,  to  be  executed  as 
agreed  on  between  them. 

Prevention  of  Accidents  in  Coal  Mines. — The  Staffordshire  Mercury  de- 
scribes an  invention  by  Mr.  Edward  N.  Fourdrinier,  of  Cheddleton  Mill,  a 
very  simple  and  ingenious,  but  important  contrivance,  for  preventing  the  acci- 
dents which  are  constantly  resulting  from  the  breakage  of  the  chain  or 
ropes,  and  drawing  the  skip  over  the  pulley,  or  the  whirl,  or  run.  The  ap- 
paratus is  now  in  daily  use  at  one  of  Mr.  Sneyd's  pits,  at  the  Sneyd-green 
Colliery,  between  Hanley  and  Burslem.  In  one  instance  the  merit  of  the 
invention  was  fully  tested  by  the  chain  being  unintentionally  drawn  over  the 
pulley ;  no  disastrous  consequences,  however,  resulted,  the  skip  or  rather 
cage  being  detached  from  the  chain,  and  remaining  safe  on  the  guides.  A 
heavy  load  was  subsequently  lowered  about  40  yards  down  the  pit,  and  the 
chain  cut  at  about  20  vards' above  the  surface,  by  which  means  no  less  than 
60  yards  of  chain  fcUdown  the  shaft.  A  man  having  been  let  down  by  a 
rope  to  ascertain  the  result,  found  the  machine  perfectly  secured,  and  the 
chain  safely  coiled  on  the  top  of  the  cage  in  which  the  man  ascends  and 
descends.  The  man  immediately  attached  the  rope  to  the  chain,  which 
having  been  drawn  up  and  repaired,  was  again  let  down  and  fastened  to  the 
apparatus.  The  whole  was  then  safely  drawn  up,  with  the  man  in  the  skip, 
the  experiment  having  occupied  no  more  than  20  minutes,  and  no  injury 
whatever  having  been  sustained  either  by  the  machine  or  the  guides.  There 
can  be  but  one  opinion  as  to  the  great  advantages  to  be  derived  from  the 
general  adoption  of  this  invaluable  invention,  and  it  is  to  be  sincerely  hoped 
that  no  time  will  be  lost  in  making  this  arrangement  for  the  more  effectual 
preservation  of  human  life. 

On  the  Electro-Bronzing  of  Metals.— MM.  Brunei,  Bessin,  and  Gaugin 
presented  to  the  Academie  des  Sciences,  at  Paris,  specimens  of  metals 
bronzed  by  electro-chemical  means.  M.  de  Ruolz,  in  1841,  communicated 
to  the  academv  a  process  for  bronzing  metals,  by  depositing  upon  them,  by 
the  aid  of  the  galvanic  battery,  layers,  more  or  less  thick,  of  brass  or  of 
bronze.  This  process,  which  required  the  employment  of  the  double  alka- 
line cyanides  of  copper  and  zinc,  or  of  copper  and  tin,  was  not  adopted  m 
practice,  on  account  of  the  great  expense  of  the  cyanides,  and  for  other 
reasons.  MM.  Brunei,  Bessin,  and  Gaugin,  have  substituted  for  the  cyanides, 
a  solution  in  water,  of  500  parts  of  carbonate  of  potash ;  23  chloride  of 
copper;  40  sulphate  of  zinc;  and  250  nitrate  of  ammonia.  To  produce 
bronze,  a  salt  of  tin  is  substituted  for  the  sulphate  of  zinc.  By  means  of 
these  solutions  of  brass  or  of  bronze,  a  coating  can  b;  given  to  cast  or 
wrought-iron,  steel,  lead,  zinc,  tin,  and  alloys  of  these  metals,  with  one 
another,  or  with  bismuth  and  antimony,  after  a  previous  cleaning  according 
to  the  nature  of  the  metal.  The  operation  is  conducted  with  a  cold  solution. 
The  metal  to  be  coated  is  placed  in  connection  with  the  negative  pole  of  a 
Bunsen  battery,  a  plate  of  brass  or  of  bronze  being  employed  at  the  po^'tive 
pole.  When  the  objects  have  been  covered  with  a  coating  of  the  metal  oe- 
sired,  and  have  received  their  proper  colour,  they  will  be  found  to  rival  the 
finest  bronzes. 
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The  Ventihmeter.—Xn  instrument  the  invention  of  a  French  naval 
officer,  in  command  at  La  Uochelle,  where  it  has  been  tried  during  four  years,  with  Bin- 
Kularlv  true  results,  and  found  to  be  a  most  vnluuble  marine  instrument  whereby  the 
creivs  and  ships  stationed  off  the  coasts  may  often  he  saved-the  officers  having  several 
hours'  notice,  and  knowing  when  to  run  out  to  sea  or  into  harbour.  The  instrument 
itself,  exteriorly,  exactly  resembles  a  mariner's  compass;  and.  haying  been  lixed  due 
north,  the  needle  will  take  up  its  position,  and  whatever  point  it  designates  that  wmd 
will  arrive  in  the  :24  hours,  but  generally  within  the  VJ  to  18  hours;  according  to  the 
time  that  the  needle  remains  at  such  point.solong  will  the  wind  blow  from  that  quarter; 
and  according  to  the  inclination  of  the  needle  from  its  horizontal  and  natural  position, 
90  will  be  the  violence  of  the  wind.  The  principle  upon  which  the  ventilometer  has 
been  constructed  se-ms  feasible.  The  magno-electric  fluids  surround  our  globe,  and  tiieir 
direct  action  is  visible  in  the  workings  of  the  mariner's  compass.  \\  inds  being  the  re- 
sult of  electrical  changes,  are  produced  by  a  disturbance  in  these  fluids,  and  coDtinue 
until  the  exact  equilibrium  is  obtained ;  neither  do  these  winds  burst  forth  immediately 
over  our  heads,  but  take  their  origin  within  a  circle  of  immense  circumference— taking 
our  o.vn  position  as  the  centre.  Any  undue  action  in  any  part  of  the  fluids  within  this 
circumference,  will  have  more  or  less  influence  upon  the  whole  ;  but  our  ordinary  senses 
cannot  mark  these  changes,  although  we  sometimes  And  nervous  invalids  remarkably 
aymnathetic.  and  able  to  fortell  what  the  healthy  man  cannot— yet,  when  the  change  does 
arrive,  n  few  hours  afterwards  he  is  obliged  to  admit  his  own  grosser  senses.  Ihe  deli- 
cate mechanism  of  the  ventilometer  forms  itself  into  the  centre  oi  a  certain  midefaned 
circumference,  but  the  extent  of  whose  influence  does  not  exceed  a  space  of  24  hours  ; 
any  change  taking  place  within  this  circle  is  notitied— so  that,  suppose  the  vane  to  be 
pointing  north,  but  that  the  ventilometer  at  the  same  moment  points  to  south,  then, 
within  the  24  hours,  the  south  wind  will  blow  ;  but  the  ordinary  change  is  from  12  to  18 
hours,  and  should  the  ventilometer  remain  for  hours,  or  days,  at  the  same  point,  the  same 
wind  will  continue  blowing;  but  when  it  changes  within  the  24  hours,  the  wind  will 
change  also.  This  instrument  is  not  influenced  by  the  lighter  breezes;  when  a  strong 
wind  blows,  the  needle,  or  indicator,  is  horizontal— but  as  the  winds,  or  atmospheric 
changes,  gradually  increase  in  violence,  the  point  is  ylevated  by  the  weight  of  the  atmos- 
phere, and  thus  not  merely  preindicates  the  wind  that  is  to  blow,  but  its  exact  strength 
and  duration.  If  the  principle  be  proved  to  be  correct,  then,  possibly,  imprevementa 
may  be  made,  by  which  even  the  highest  breezes  may  be  preindicated.  It  is  about  to  be 
tried  by  the  Admiralty. 

Sulphate  of  Iron  fur  Purifying  Gas. — M.  Martens,  of  the  University  of 
Louvain,  has  made  a  discovery  in  the  use  of  sulphate  of  iron  for  the  purification  of  coal 
gas.  By  this  arrangement,  the  gas  passes  through  two  purifiers  :  in  the  first  is  placed 
1  cwt.  of  sulphate  of  iron,  dissolved  in  y3  gallons  of  water,  and  in  the  second  milk  of 
lime,  made  by  adding  83  gallons  of  lime  to  375  gallons  of  water.  On  passing  fiom  the 
second  purifier,  the  gas  is  almost  completely  deprived  of  its  sulphuretted  hydrogen,  that 
it  scarcely  changes  the  colour  of  paper  moistened  with  a  solution  of  oxalate  of  lead.  By 
this  process,  there  is  a  greater  deposit  of  tar  in  the  solution  than  when  water  alone  is 
employed;  and  there  is  a  much  more  abundant  condensation  of  aqueous  and  ammoniacal 
vapours — so  th.^t  during  long-continued  frosts,  the  pipes  have  been  kept  entirely  free 
from  ice,  which  causes  considerable  trouble  and  expense.  The  cause  of  tar  depositing 
in  a  ferruginous  solution  more  readily  than  in  water,  arises  from  the  sulphate  of  iron 
liaving  a  greater  affinity  for  the  tar,  which  it  condenses,  and  carries  down  with  it ;  and  the 
greater  condensation  of  vapours  contained  in  the  gas  is  caused  by  a  more  complete 
absorption  of  ammonia,  which  always  has  a  tendency  to  mix  with  other  vapours.  The 
above  (piantity  of  sulphate  of  iron  is  sufficient  for  purifying  the  gas  from  2j  to  27  tons 
of  coal  ;  the  solution  is  then  so  impregnated  to  saturation,  as  to  requite  changing.  It  is 
probable  tlie  residue  of  this  plan  may  become  a  valuable  article  of  commerce. 

White  Paint  Mamf act  tired  from  Antimony. — At  the  Liverpool  Polytech- 
nic Society,  Mr.  J.  A.  Forrest  described  a  new  mode  of  manufacturing  white  paint 
of  an  excellent  body,  superior  to  that  manufactured  from  lead.  It  is  miide  from  oxide  of 
antimony,  and  has  many  advantages.  He  hail  ascertained,  that  though  it  was  now 
high  in  price,  were  there  a  demaud  for  antimony,  that  metal  cuuld  be  obtained  in  abund- 
ance at  about  ^12  a  ton,  whereas  the  lead  used  costs  ^'24  IDs.  The  new  paint  was, 
consequently,  much  cheaper :  it  was  not  so  apt  to  K»se  its  colour,  and  would  spread  over 
a  much  larger  surface  than  an  equal  weight  of  the  p.4int  manufactured  from  lead. 

Sound  made  Visible. — A'  method  has  heen  discovered  and  matured,  by 
which  sound  will  be  made  visible  to  the  human  eye,  its  various  forms  and  waves  demon- 
strated to  sight,  and  the  power  to  discriminate  between  the  tones  of  one  musical  instru- 
ment and  another  be  as  complete  as  to  observe  the  action  of  water  when  disturbed  by 
any  material  cause.  The  experiments  are  likely  to  be  ere  long  repealed  in  the  Royal 
Society.  The  exhibition  of  elTects  on  fine  sand  has  probably  led  lo  this  astonishing 
issue. 

Friction  Hammer. — A  novel  inacliine,  just  completed,  is  now  at  work  at 
the  Great  Western  Works,  at  Bristol,  the  invention  of  Rlr.  John  .Tones,  manager  of  the 
works,  who  also  invented  the  "Cambrian  Engine."  The  machine  is  called  a  "  Friction 
Hammer,"  and  consists  of  (lames  of  cast-iron,  in  which  are  vertical  slides  acting  as  guides 
to  the  hammer,  and  also  supporting  the  machinery  necessary  for  putting  the  hammer  in 
motion.  The  hammer  consists  of  a  plane  bar  of  flat  wrought-iron,  so  arranged  as  to 
work  in  the  slides,  and  is  raised  by  means  of  two  vertical  rollers  turning  in  opposite 
directions,  which  are  made  to  bear  upon  the  bar  by  an  exceedingly  simple  arrangement 
of  levers.  A  slight  pressure  upon  the  handle  of  one  lever  raises  the  hammer  to  any 
height  not  exceeding  7  feet ;  the  pressure  being  removed  it  falls  by  its  own  gravity  ;  this 
lever  is  also  arranged  so  as  to  stop  the  hammer  in  any  part  of  its  dfscent,  should  circum- 
stances render  it  necessary.  The  friction  rollers  are  put  in  motion  by  means  of  straps 
and  pulleys,  fly-wheels  being  also  fitted  on  each  stra|i. 

New  Method  of  Treating  the  Ore  of  Platinum. — Instead  of  the  tedious 
operation  of  obtaining  pure  platinum  from  the  ore,  employing  y  or  1(1  parts  of  acid  to  one 
of  platinum,  fli.  Hess  suggests  the  following  as  an  improvement: — Melt  one  part  of 
platinum  ore  with  tivo  or  three  of  zinc,  which  will  form  an  alio}'  very  friuble,  and  easily 
reduced  to  a  fine  powder.  This  powder  is  then  to  be  sifted,  and  on  it  poured  dilute  sul 
phuric  acid  at  the  common  temperature  of  the  atmosphere.  The  temperature  is  then 
gradually  raised,  and  the  metals  .allowed  to  macerate  as  long  us  there  is  anything  to  dis- 
solve; the  acid  in  a  short  time  separates  all  the  zinc  from  the  alloy,  and  the  principal 
part  of  the  iron  contained  in  the  ore.  A  solution  is  obtained  in  which  hydrosiilphuric 
acid  produces  no  precipitats.  Having  poured  oft'  the  liquid,  the  residue  is  a  fine  powder, 
which,  having  been  well  washed,  is  treated  with  nitric  acid,  which  dissolves  the  copper, 
and  other  foreign  metals  ;  the  platinum  is  then  dissolved  in  nitrochloric  acid,  and  then 
proceeded  with  in  the  usual  way. 

Gas  Motive  Power, — At  the  Academic  des  Sciences  a  report  was  read  on  a 
"  gas-propeller,"  invented  by  the  late  M.  Selliguc,  in  1H44.  It  consists  of  an  iron  cylinder 
in  the  form  of  a  JJ — one  end  is  closed  ;  water  is  poured  in  to  a  certain  height,  and  in  the 
open  end  is  placed  a  piston  and  rod,  in  the  usual  manner.  On  introducing  any  explosive 
gases  over  the  water,  in  the  closed  end  of  the  tube,  and  effecting  their  combustion,  the 
resulting  gases  press,  by  their  sudden  expansion,  the  liquid  on  which  they  rest,  and 
toice  up  the  piston  to  a  certain  height,  which  is  again  depressed  by  the  cooling  and  con- 
densation of  the  gas,  and  the  atmospheric  pressure  on  the  piston.  A  regular  reciprocat- 
ing motion  is  thus  obtained,  which,  of  course,  can  be  applied  to  every  description  of  ma- 
chinery. In  closely  experimenting  on  this  ])rinciple  of  motive  power,  it  has  been  found, 
that  eight  volumes  of  air,  and  one  of  gas,  obtained  from  the  decomposition  of  water,  by 
passing  steam  through  cylinders  filled  with  red-hot  charcoal,  consist  of  hydrogen,  66; 
carbonic  oxide,  28  ;  carbonic  acid,  8.  The  gas  can  be  manufactured  tor  one-fifth  of  a 
halfpenny  per  140  quarts,  which  is  considered  equal  to  8  cubic  inches  of  steam  at  one 
atmosphere  pressure,  and  costing  one  halfpenny  and  three-fifths.  The  inventor  found, 
that  ;!r»  quarts  of  gas,  and  281)  quarts  of  air,  gave  an  explosive  force  equal  to  125  tons,  and 
2.400  explosioDs  can  be  made  per  hour. 


lilST    or    NEMT    PATENTS. 

GRANTED    IN  ENGLAND    FROM    FEBRUARY    28,    TO    MaRCH   22,    1S48. 

Six  Months  allowed  for  Enrolmenif  unless  otherwise  expressed. 


Elizabeth  Wallace,  of  LaureModge,  Cheltenham,  Gloucester,  spinster,  for  "certain 
Improvements  in  facing,  figuring,  designating,  decorating,  planning,  and  otherwise 
fitting  up  houses  and  buildings,  parts  of  which  are  applicable  to  articles  of  furniture." — 
Sealed  February  2H. 

John  Craft  Roberts,  of  Holywell,  Flintshire,  surgeon,  for  "a  simplified  and  imprured 
mode  of  communicating  intelligence,  by  means  of  electricity  and  magnetism,  combined, 
or  not,  with  steam  on  railways,  between  the  carriages  on  the  line  and  the  engine  or  ten- 
der, so  that  the  guards  and  passengers  may  give  notice  to  the  engineer  or  engine-driver, 
for  the  prevention  of  accidents  or  casualties,  or  the  mitigation  of  the  evil  thereof,  and  the 
protection  of  human  life  and  property  from  loss  or  injury ;  and,  also,  of  communicating 
signals  by  the  same  agency,  describing  the  cause  or  causes  of  alarm,  and  a  new  mode  of 
securing  the  passage  of  electricity,  for  the  above  purposes,  to  be  substituted  or  not  for 
the  side  cliains,  and  of  communicating  Intel  igence  between  distant  places  on  the  line.*'— 
February  28, 

William   Palmer,  of  Sutton- street,   Clerkenwell.  for  "Improvements  in  melting  fat      » 
and  in  the  manufacture  of  candles." — February  2H. 

Charles  Ritchie,  of  Aberdeen,  Scotland,  engineer,  for  "certain  Improvements  In  loco- 
motive and  other  engines.*'— Rlarch  2. 

Francis  Whishaw,  of  Hampstead,  Middlesex,  civil  engineer,  for  "  a  certain  manufac- 
ture of  pipes  of  earthenware,  pottery,  and  glass,  and  of  certain  applications  and  arrange- 
ments thereof." — March  H. 

William  Exall,  of  Reading,  Berkshire,  engineer,  for  "  certain  Improvements  in  thrash, 
ing  machines,  and  in  steam-boilers,  eneines,  and  other  apparatus  for  driving  the  same, 
which  apparatus  is  applicable  to  driving  other  machinery,  part  of  which  improvements 
is  a    communication,  and  the  remainder  is  his  own  invention."— March  a. 

James  Lockhead,  of  Milton,  Gravesend,  Kent,  for  "certain  Improvements  in  ventila- 
tion."—March  8. 

Theodorus  Cornelius  Seeger,  Knight  of  the  Order  of  Reiderlandsche  Lion,  of  Saint 
Gravenhage,  Holland,  but  now  of  Leicester-square,  Middlesex,  physician,  for  "  Improve- 
ments in  the  constructian  of  railway  carriages."— March  H. 

William  Beckett  Johnson,  of  Liverpool,  engineer,  for  "certain  Improvements  which 
are  applicable  to  locomotive,  stationary,  and  marine  steam-engines'* — March  8. 

Warren  de  la  Rue,  of  Bunhill-row,  Middlesex,  manufacturer,  for  "  Improvements  in 
machinery  used  in  the  manufacture  of  cardboard  and  pasteboard."  (A  communication}. 
—March  8. 

John  Houston,  of  Stepney,  Middlesex,  surgeon,  for  "  Improvements  in  obtaining  mo- 
tive power  by  the  aid  of  atmospheric  air,  and  in  obtaining  combustion." — March  S. 

George  Royce,  of  Flelland,  Lincolnshire,  for  "  Improvements  in  machinery  or  appara- 
tus for  depositing,  cleansing,  and  grinding  corn  and  seed."— March  8. 

George  Lloyd,  of  Stepney,  Middlesex,  iron-founder,  for  "certain  Improvements  iu 
furnaces  and  blowing  machines,  and  improvements  in  engines  and  machinery  for  driving- 
the  same,  which  improvements  are  also  applicable  to  other  purposes  where  motive  power 
is  required." — March  H. 

Joseph  Maudslay,  of  the  firm  of  Maudslay,  Sons,  and  Field,  of  Lambeth,  engineers, 
for  "certain  Improvements  in  obtaining  and  applying  motive  power,  and  in  the  ma- 
chinery and  engines  employed  therein." — March  8. 

John  M'Conochie,  of  Liverpool,  engineer,  and  Louis  James  Claude,  of  Bootle,  Lanca- 
shire, engineer,  for  "  certain  Improvements  in  locomotive  engines.** — JIarch  8 . 

Alexander  Alliott,  of  Lenton  works,  in  the  county  of  Nottingham,  bleacher,  for  "  Im- 
provements in  apparatus  used  in  the  working  of  steam-boilers,  also  in  apparatus  used  in 
cleansing  flues." — March  8. 

John  Henderson  Porter,  of  Blackheath,  Kent,  engineer,  for  "  Improvements  in  iron 
girders,  beams,  trusses,  and  supports,  and  in  rendering  the  floors  of  buildings  fire-proot 
by  the  use  of  iron." — March  8. 

Henry  Bashard  Hobdell,  of  the  city  of  Oxford,  goldsmith,  for  "  Improvements  iu 
studs  and  buttons." — March  !'. 

George  Coode,  of  Haydock-park,  Lancashire,  fi^r  "an  Improved  methcd  or  methods 
of  distributing  over  hind  liquids  and  substances  in  a  liquid  or  fluent  state,  and  certain 
improved  apparatus  and  machinery  employed  therein." — March  11. 

John  Ashbury,  of  Openshaw,  near  Manchester,  for  "certain  Improvements  in  the 
construction  and  manufacture  of  wheels  for  use  upon  railways  and  common  roads,  and 
in  the  methods  of  preparing  and  constructing  the  tyres  used  thereon." — March  1 1. 

Alexander  Alliott,  of  Lenlon  Works,  Nottingham,  bleacher,  for  "  Improvements  ij 
spring  apparatus  and  in  balances,  also  in  breaks,  and  in  the  means  of  working  breaks."— 
March  14. 

James  Porritt.ofEdenfield,  Lancashire,  for  "certain  Improvements  in  carding-engines 
for  carding  wool  and  other  fibrous  substances." — March  14. 

Frederick  William  Michael  Collins,  and  Alfred  Reynolds,  both  of  Charterhouse-square, 
Middlesex,  engravers  and  printers,  for  "  Improvffments  in  the  art  of  ornamenting  china, 
earthenware,  and  glais," — March  14. 

John  Hosmer,  of  New  Cross,  Surrey,  surveyor,  for  "  Improvements  in  apcaralus  for 
supplying  water  and  for  cleansing  drains  and  sewers." — March  10. 

George  Ellins,  of  Droitwich,  Worcestshire,  salt  manufacturer,  for  certain  "  Improvu- 
ineuts  in  manufacturing  salt,  and  in  apparatus  for  manufacturing  salt.'*— March  22. 

William  Edwaid  Newton,  of  Chancery-lane,  Middlesex,  for  "an  Improvement  or  im- 
provements in  moking  coupling  joints  for  pipes,  nozzles,  stop-cocks,  still  and  cylinder 
heads,  and  othtr  apparatus."     (A  communication.)— March  2'i. 

Henry  Bessemer,  of  Saint  Pancras-road,  Middlesex,  for  "  Improvements  In  the  manu- 
facture of  glass.*'- March  22. 

William  Henderson,  of  Park-head,  Lanarkshire,  Scotland,  chemist,  for  "  Improve- 
ments in  treating  lead  and  otlier  ores." — March  22. 

Joseph  Orsi,  of  Guilrihall-charnbers,  gentleman,  for  "certain  Improvements  in  the 
manufacture  of  artificial  stone,  cements,  ornamental  tiles,  bricks,  and  quarries."  (A 
communication,)— Blarch  22. 

William  James  Dailey,  of  Lambeth,  Surrey,  lithographer,  for  "  certain  Improvements 
in  machinery  for  propelling,"- March  22. 

John  Lawes  Cole,  of  Lucaa-street,  Middlesex,  for  "certain  Improvements  !□  steam- 
engines. '*— March  22. 
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BLOOMSBURY  BAPTIST  CHAPEL. 

John  Gibson,  Esq.,  Architect. 

(With  an  Engraving,  Plate  VII.) 

Bloomsbury-street  now  presents  a  very  unusual,  if  not  altoge- 
ther unprecedented,  assemblage  of  church  architecture,  there 
being  there  no  fewer  than  three  churches — at  least,  places  of  public 
worship — together  in  a  line  by  the  side  of  each  other.  With 
general  similarity  of  purpose,  they  display  great  variety,  or  we 
might  say  contrast.  That  to  the  north — namely,  Bedford  Chapel, 
or  what  used  to  be  so  called,  and  which  was  originally  of  a  most 
dismal  "tabernacle"  appearance — was  merely  re-dressed  externally 
a  year  or  two  ago;  a  circumstance  that  perhaps  excuses  many 
defects  and  inequalities  in  the  design,  the  architect  being  com- 
pelled to  retain  all  the  former  openings,  both  doors  and  windows, 
— and  it  would  seem,  the  former  turret  and  a  bit  of  the  gable  also, 
which  are  seen  sticking  up  most  awkwardly  over  the  now  horizontal 
line  of  the  front.  Were  it  not  for  that,  and  for  the  meanness  of 
the  doors,  the  front  would  have  been  passable. 

The  second  of  the  three  buildings  in  point  of  date  is  the  south 
one, — a  French  Protestant  church,  with  a  small  residence  for  the 
clergyman  attached  to  it.  For  this,  the  style  adopted  is  Gothic  ; 
but  the  design  is  exceedingly  sober  and  unpretending,  there  being 
scarcely  anything  in  it  except  the  large  window  to  give  it  expres- 
sion. Even  that  feature  is  not  made  so  much  of  as  it  might  have 
been  ;  for  although  sufficiently  correct  as  to  mere  form  and  com- 
position, it  has  a  tame  and  spiritless  look. 

The  Baptist  Chapel,  which  comes  in  immediately  between  the 
two  other  buildings,  is  by  far  the  most  ambitious  and  conspicuous 
of  the  three.  It  is  that  which  announces  itself  most  distinctly  as 
a  church — in  fact,  much  more  as  a  "  church"  than  as  a  dissenting 
place  of  worship,  the  latter  having  hitherto  generally  eschewed 
instead  of  at  all  afi'ecting,  the  ecclesiastical  orthodoxy  of  towers, 
and  spires ;  while  here  we  have  not  only  tower  and  spire,  but  a 
pair  of  them.  And  here  they  produce  a  most  agreeable  diversity 
of  outline,  not  only  as  regards  the  structure  to  which  they  belong, 
but  the  general  group  of  all  the  three  ;  more  especially  as  the  as- 
pect of  their  fr<uits  is  an  east  one, — wherefore  they  are  invariably 
in  shadow,  except  early  in  the  morning.  Standing  out  in  bold 
relief  against  the  sky,  and  catching  the  light  on  one  of  their  otlier 
sides,  the  towers  serve  to  produce  some  play  of  light  and  sliade,  as 
well  as  form  and  outline.  They  tell  very  strikingly  in  tlie  view 
from  New  Oxford-street, — perhaps  more  so  just  now  than  they 
will  do  some  time  hence,  for  at  present  they  occasion  something 
like  surprise  also,  they  seeming  to  have  started  into  existence  all 
at  once,  as  the  building  was  begun  only  last  autumn.  Owing  to  a 
singularly  happy  accident — to  mere  accident,  and  nothing  more — 
one  of  the  towers  displays  itself  very  picturesquely  from  Hart- 
street — near  by  St.  George's,  Bloomsbury, — at  the  end  of  a  vista, 
formed  by  a  cross-street  that  runs  obliquely  from  New  Oxford- 
street,  into  Bloomsbury-street. 

The  style  of  this  Baptist  Chapel  is  of  exotic  character  to 
English  eyes,  it  being  mediaeval  Italian  or  Lombardic ;  but  whe- 
ther selected  on  account  of  its  being  unlike  our  own  Anglo-eccle- 
siastical style  of  the  same  period,  we  cannot  say  ;  but,  we  must  ob- 
serve, the  addition  of  campanili  partakes  very  much  more  of 
English  Gothic  than  of  Lombardic  physiognomy  and  mode  of  com- 
]W>sition.  As  our  engraving  explains  the  design  itself  much  more 
intelligibly  than  tlie  most  accurate  description  could  possibly  do, 
we  need  not  even  attempt  any ;  accordingly,  we  shall  confine  our- 
selves to  a  few  remarks.  While  we  readily  confess  that  the  ar- 
chitect (Mr.  John  Gibson,  whose  name  was  quite  unknown  to  us 
before)  has  shown  competent  knowledge  of  the  style  generally, 
we  also  desiderate  more  regard  to  the  spirit  of  it  in  some  of  the 
dWails.  Tlie  uppermost  story  of  the  towers,  and  the  large  cir- 
cular window,  are  satisfactory  enough  ;  not  so,  however,  the  door- 
ways, which  might  very  properly  have  been  made  far  more  im- 
portant features, — important,  we  mean,  not  as  regards  size,  but 
with  regard  to  design  and  execution.  Such  parts  of  a  building  Ijeing 
those  wliich  are  most  clearly  of  aU  seen, — in  fact,  those  which  sub- 
ject themselves  to  the  closest  inspection,  they  naturally  demand 
more  elaborate  ornamentation  and  finish  than  others  which  can  be 
seen  from,  comparatively,  only  a  distance.  Sucli  at  least  seems  to 
have  been  the  principle  generally  observed  by  medieval  architects, 
whose  doorways  and  portals  were  frequently  most  profusely 
adorned,  even  when  all  the  rest  of  a  fa9ade  was  either  featureless 

'  *  When  alteration  was  going  on,  it  would  surely  have  been  worth  while  to  remove  the 
pntrani-es  to  the  "  wine  vaults"  beneath  the  chapei,  from  the  front  to  the  aide; — or 
better  still,  if  it  could  have  been  done,  to  the  rear  of  the  building,  wiiere  they  would  have 
bteu  entirely  out  of  sight. 
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or  left  quite  plain.  The  bestowing  particular  attention  upon  them 
is  indispensably  requisite  for  any  adequate  characterization  of  the 
Lombardic  style ;  more  especially  as,  unlike  the  Gothic,  it  affords 
very  few  resources  of  design  for  windows  (circular  ones  alone  ex- 
cepted), wliich  ivere  seldom  more  than  mere  small  single  openings, 
without  any  of  that  variety  and  richness  which  arise  from  muUions 
and  intersecting  tracery.  If  not  richer  in  their  general  design,  the 
doorways  of  tliis  chapel  might  very  well  have  been  considerably 
bolder  in  their  details  and  execution.  Were  they  more  deeply 
recessed,  and  their  mouldings  in  greater  relief,  they  would  make 
a  far  better  appearance. 

The  building  is  of  white  brick,  with  ornamental  dressings  of 
Caen  stone.  The  spires  are  constructed  of  timber,  and  are  covered 
with  ornamental  tiles.  Tlie  width  of  frontage  is  70  feet,  and  the 
height  to  the  top  of  the  spires  115  feet. 

The  interior  affords  accommodation  on  the  ground  floor  for  about 
460  persons  in  pews,  with  a  vestibule  and  two  vestry  rooms.  In 
the  towers  are  staircases  leading  to  the  basement  and  gallery  floors, 
the  whole  extent  of  the  former  being  set  apart  for  two  schools,  for 
boys  and  for  girls.  The  galleries  occupy  three  sides  of  the  chapel, 
with  an  organ  gallery  on  the  fourth — these  will  accommodate  47(1 
persons  in  pews,  with  a  separate  gallery  for  250  children ;  total 
accommodation,  1,180. 

The  span  of  the  roof,  clear  of  supports,  is  65  feet.  The  height 
from  the  floor  to  the  ceiling  is  39  feet.  The  whole  building  is 
nearly  a  square,  and  covers  a  superficial  area  of  5,150  feet. 


GOTHIC  WINDOW. 


^'''—During  the  autumn  of  1846,  in  which  I  stayed  some  weeks 
at  Boppart,  on  the  Rhine,  I  met  with,  in  an  old  church  at  that 
place,  a  Gotliic  window,  of  which  I  made  memoranda.  From 
these,  a  friend  has  been  enabled  to  send  me  the  inclosed.  I  now 
forward  it  to  you,  in  case  you  may  think  it  worthy  of  insertion  in 
your  very  useful  publication. 


Athen<pum  Club,  Pall  Mall, 
March  16,  1848. 


I  am,  yours,  &c., 

I.  J.  Chapman. 
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CANDIDUS'S    NOT  E-BOOK, 
FASCICULUS  LXXXI. 

'*  1  must  have  liberly 
Withal,  as  large  a  charter  as  the  winfls. 
To  blow  on  whom  I  please." 

I.  M'e  are  never,  it  woulil  seem,  to  have  more  than  one  view  of 
the  new  Palace  of  Westminster  ;  for  tliough  many  representations 
of  it  — or  what  call  themselves  such — have  heen  puhlished  in  va- 
rious shapes,  they  are  merely  copies  cither  of  the  first  one,  or  of 
each  other ;  all  of  them  showing  only  tlie  river  front,  as  taken 
from  the  south-east.  What  sort  of  fidelity  and  taste  stamps  such 
harefacedly  piratical  manufacture,  may  he  more  readily  imagined 
than  decently — at  least  temperately  expressed.  Nothing  less  than 
nerves  of  iron — or  else  a  thorough  callosity  of  mind  that  is  hardly 
conceivable  in  such  an  artist,  can  enable  Mr.  Barry  to  endure 
some  of  the  abominable  libels  so  inflicted  upon  him.  Schinkel, 
Kleuze,  Gartner,  and  other  foreign  architects,  have  been  similarly 
libelled,  and  perhaps  more  grievously  still ;  but  then  there  are 
their  own  authentic  representations  of  them,  as  well  as  their  build- 
ings themselves,  to  show  to  those  who  have  no  other  means  of 
judging  of  them,  what  the  latter  really  are ;  whereas,  without  such 
incontrovertible  evidence  to  the  contrary,  some  of  them  might  be 
supposed  to  be  the  most  barbarous  and  miserable  things  ever 
erected, — at  least,  such  would  be  the  case  were  it  not  that  the  very 
vileness  of  the  representation  comforts  us  with  the  assurance  that 
the  structures  tliemselves  cannot,  by  any  possibility,  be  so  hideous. 

II.  That  plodding  adherence  to  precedent,  which  is  now  made  a 
sine-qiia-non  in  design  by  those  whose  influence  and  authority — 
more  especially  in  matters  of  church-building — amount  to  dictation 
to  architects,  has  a  tendency  to  operate  injuriously  to  art,  in  various 
ways.  For  art — in  the  worthy  meaning  of  the  term — is  substituted 
what  is  or  quickly  will  become  mere  routine,  sufficiently  dexterous, 
perhaps,  and  clever,  but  still  routine.  As  far  as  design  is  concerned, 
all,  it  may  be  said,  that  is  now  retjuired  of  architects  is,  that  they 
shall  be  skilful  mimics.  Such  talent  will  stand  them  in  stead  of 
imagination,  invention,  artistic  feeling,  contrivance,  and  much  else 
besides.  The  architect  is  in  fact  degraded  from  his  position  as 
artist,  the  exercise  of  the  faculties  which  such  character  implies 
being  interdicted  him,  and  all  that  is  expected  of  him  being  that 
he  shall  scru])ulously  adhere  to  express  patterns  for  the  particular 
style  he  is  called  upon  to  imitate.  Daily  experience  convinces — at 
least  might  convince  us  that,  somehow  or  other,  the  spirit  of  the 
originals  is  not  transfused  into  the  copies,  or  else  the  peculiar 
sentiment  and  associations  connected  with  the  former  evaporate 
altogether  in  the  latter.  Moreovei-,  the  example  of  medievalism 
itself  is,  so  far  from  aflFording  any  precedent  for,  rather  opposed  to 
that  system  of  torpid  imitation  which  is  now  regarded  by  many 
as  the  most  salutary  and  eflicacious  for  art.  During  the  middle 
ages,  there  was  continual  change  and  innoi'ation  in  architecture, 
by  means  of  which  transition  was  made  from  one  marked  general 
mode  or  style  to  another.  So  far  was  precedent  from  being  regarded, 
that  not  even  uniformity  of  design  and  style  was  attended  to  in  edi- 
fices which  were  carried'  on  by  successive  generations  of  builders ; 
and  some  of  which  exiiibit  in  themselves,  not  only  different,  but  the 
two  extreme  phases  of  the  Pointed  style,  including,  perhaps,  por- 
tions in  an  anterior  style,  Tlie  architects  of  those  days  did  not 
suffer  themselves  to  be  trammelled  l)y  precedent — to  be  tied  down 
to  repetition  and  copying,  even  wlierethey  would  have  contributed 
to  unity  of  ememb/e.  Then,  instead  of  that  stand-still  in  art,  which 
we  seem  to  consider  essential  to  the  maintaining  it  in  its  integrity, 
all  was  innovation,  progress,  productiveness.  The  art  was  pro- 
ductive, because  artists  wrought  out  of  their  own  minds ;  conse- 
quently, infused  mind,  intelligence,  spirit,  and  spontaneity 
into  their  productions.  They  did  not  then  reject  new  ideas  merely 
because  they  were  new,  nor  the  suggestions  of  imagination  out  of 
the  timid  apprehension  of  being  censured  as  incorrect,  if  not  ab- 
solutely heretical  in  taste.  They  did  not,  as  we  now  do,  abide  by 
ready-made, and  ready  cut-and-diied  iiattcrns,but  designed  all  their 
details  freely,  for  they  employed  what  was  to  them  their  vernacular 
language— their  own  motlier  tongue  in  art,  whose  character  and 
idioms  they  helped  to  frame,  and  in  which  they  expressed  them- 
selves instinctively.  To  us  at  the  i>resent  day,  the  style  they  used 
has  become  a  dead  language  ;  one  in  which,  bv  dint  of  study,  we 
may  attain  to  considerable  proficiency  ;  but  wh'ich  we  do  not  think 
in,  and  which  does  not  supply  words  and  expressions  for  modern 
things  and  modern  ideas.  We  mav  indeed  so  call  it,  but  media;- 
val  English  architecture  is  no  longer  our  National   style,  if  by 


"National"  we  are  to  understand  the  prevalent  style  of  building 
generally  employed  by  us  for  all  purposes  and  occasions  alike.  We 
may  be  medi;eval  in  our  churches,  just  as  we  mav  be  Ciceronian  in 
Latin  orations  at  colleges  and  schools.  But  we  ourselves  are  all 
the  while  getting  further  and  further  off  from  medievalism  every 
day.  Free  Constitutions,  Republics,  and  C'liartism,  do  not  indicate 
any  great  attachment  to  tlie  spirit  of  mediievalism. 

lit.  We  are  now,  it  seems,  likely  to  have,  for  the  very  first  time 
a  work  that  shall  fairly  answer  to  the  character  of  a' Dictionary 
of  Architecture,  whicli  tliose  wliich  have  Iiitherto  appeared  under 
such  title  have  been  very  far  indeed  from  doing.  They  have  al- 
most without  an  exception,  been  little  better  than  mere  trading 
speculations, — things  manufactured  fur  the  market ;  and  some  of 
them  have  been  such  arrant  scissors-and-paste  work,  that  hardly 
any  market  could  be  found  for  them.  The  epithet,  "Architectural" 
applied  to  Nicholson's,  is  little  less  than  an  arrant  misnomer  ■ 
therefore,  I  am  not  at  all  suri)rised  at  the  present  proprietor  of  the 
copyright  having  been  told,  as  I  happen  to  know,  by  one  whom 
he  was  solicitous  to  engage  to  bring  out  a  new  edition  of  it,  that 
in  order  to  be  rendered  at  all  what  it  would  now  require  to  be  it 
must  be  entirely  re-written  from  beginning  to  end,  and  amplified 
to  almost  double  the  quantity  of  letter-press.  As  the  Dictionary 
now  promised  us  is  to  be  the  undertaking  of  a  societv,  there  is 
reason  for  expecting  that  it  will  be  uniformly  well-executed 
throughout.  Very  great  room  for  impro\ement  upon  everything 
there  is  at  present  of  the  kind  either  in  our  own  or  any  other 
language  there  certainly  is,  if  only  because  materials  have  so 
greatly  accumulated,  and  so  many  matters  and  subjects  have 
come  up  that  ought  to  be  not  merely  noticed,  but  treated  of  pretty 
fully.  At  the  present  day  it  would,  for  instance,  be  unpardonable 
to  omit  such  terms,  and  the  information  connected  with  them  as 
Cinque-cento,  Renaissance,  Rococo,  and  numerous  others  either  of 
a  similar  or  different  class. 

IV.  If  the  Dictionary  in  petto,  here  alluded  to,  is  to  contain 
articles  of  architectural  criticism  and  aesthetics,  it  will  have  to 
supply  a  very  great  deal  iiuleed  merely  in  that  single  department  of 
it.  In  fact,  the  artistic  philosopy  of  architecture  has  scarcely  been 
merely  touched  upon  at  the  best,  and  that  very  vao-uely  loosely 
and  drily,— whereas  it  requires  to  be  fully  elucida1,ed  'by  actual 
instances  and  examples.  Character,  Compo'sition,  Contrast,  Effect, 
Grandiose,  Grotesque,  Heaviness,  Picturesque,  Purity,  Richness, 
Simplicity,  and  many  other  terms,  might  be  made  to  furnish  exceed- 
ingly interesting  and  instructive  articles— such  as  would  assist 
very  much  in  popularising  the  study  of  architecture.  That  it 
greatly  needs  to  be  popularised  can  hardly  be  disputed.  Of  very 
little  use  is  it  for  its  professional  followers  to  caU  architecture  the 
queen  of  the  fine  arts — or  rather  their  so  calling  it  partakes  of  the 
ridiculous,  wliile  the  public  are  for  the  most  part  utterly  indiffer- 
ent to  it  as  a  fine  art ;  and  that  such  is  the  case  the  exhibitions  at 
the  Royal  Academy  strongly  testify,  where  the  picture  of  a  "  posy- 
faced"  girl,  or  of  a  damsel  painted  "  in  buff, "  will  attract  crowds 
of  spectators,  while  tlie  architectural  room  is  a  desert,  or  used  only 
as  a  thoroughfare.  The  pictures,  in  fact,  possess  so  much  stronge'r 
attraction  for  the  many,  tliat  the  architectural  drawings  are  com- 
paratively (|uite  disregarded,  or  if  looked  at,  are  looked  at  rather 
as  pictures  than  as  designs,  and  judged  of  not  so  much  according  to 
the  architectural  merits  and  ideas  which  they  display,  than  accord- 
ing to  ability  of  execution,  and  the  pictorial  qualities  put  into 
them  ;  which  last  species  of  artistic  recommendation  is  quite  dis- 
tinct from  architectural  value,  and  is  what  may  be  imparted  by  a 
skilful  pencil  to  very  poor,  or  even  wretcliedly  bad  designs. 

V.  If  the  notices  bestowed  upon  the  Fine  Arts  by  the  newspaper 
press  may  be  taken  as  a  fair  criterion  by  which  to  judge  of  the 
favour  in  which  they  are  respectively  held  by  tlie  public.  Architec- 
ture sail  Ite  scarcely  above  zero  according  to  such  thermometer  of 
popularity.  ^Vlthough  the  class  of  publications  just  mentioned 
professes  to  be  ati  fait  on  every  subject,  architecture  is  ignored  by 
it ;  and  wliy  } — because  it  can  be  done  with  impunity.  Is  it  to  be 
supposed  that  such  a  journal  as  the  Times  could  not,  if  it  thought 
it  worth  wliile  to  do  so,  conimaiul  as  able  assistance  in  the  de- 
partment of  the  Fine  Arts  generally,  and  architecture  among 
them,  as  in  any  other.''     Most   undoubtedly   it  could;  and   would 

.  do  so,  were  there,  on  the  part  of  the  public,  any  demand  for  such 
information  and  instruction.  ^Ve  may  therefore  fairly  conclude 
that  there  is  none.  This  seems  discouraging  enough,  but  is  said 
not  for  the  purpose  of  discouraging,  but,  on  the  contrary,  of  stimu- 
lating architects,  and  inducing  tliem  to  make  an  effort  to  create 
greater  general  interest  in  behalf  of  their  art.  Their  vaunting  it 
to  each  other  is  useless,  and  little  better  than  so  much  idle  vapour- 
ing. It  is  the  ))ublic,  not  they  themselves,  who  require  to  be  con- 
vinced of   its    importance  and    excellence.     Yet,  what  has   tlie 
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"  Institute"  done  towards  promoting  and  disseminating  architec- 
tural taste  among  the  public?  The  answer  must  he — just  nothing 
at  all.  The  mere  idea  of  anything  of  the  kind  does  not  appear  to 
have  even  so  much  as  occurred  to  them.  Nay,  the  "  Institute'  might 
be  extinguished  to-morrow,  and  neither  the  art,  nor  the  profession, 
nor  the  ])ublie  would  miss  it.  Although  I  do  not  pretend  to  be  a 
particular  admirer  of  the  "  Institute,"  I  am,  in  one  sense,  its 
warmest  well-wisher,  since  most  earnestly  do  I  %vish  that  it  would 
signalize  itself,  by  doing,  or  attempting  to  do,  some  real  service  to 
architecture,  as  a  branch  of  Fine  Art.  At  present,  that  body  is  not 
only  exceedingly  drowsy  itself,  but  its  torpidity  has  a  benumbing 
effect  which  extends  beyond  its  own  immediate  sphere.  Still,  I  am 
not  for  having  the  "  Institute"  abolished  ;  but  I  do  wish  that  it  were 
entirely  re-constructed.  If  I  cut  it  up,  it  is  only  for  the  purpose  of 
its  being  thrown  into  Medea's  cauldron,  to  be  resuscitated  in  a 
better  form,  and  come  forth  again  vigorous  and  energetic.  Or  if 
a  fresh  and  more  genial  spirit — if  greater  activity,  and  greater 
sympathy  with  Fine  Art,  can  be  infused  into  it,  without  resorting  to 
the  ])rocess  of  re-construction,  the  sooner  it  be  done  the  better. 
VV^ere  I  less  devoted  than  I  am  to  architecture,  the  "  Institute" 
would  not  be  thus  reproached  by  me ;  and  if  to  be  so  enthusias- 
tically devoted  to  that  art,  as  to  be  quite  regardless  whom  I  ])lease 
or  offend  while  advocating  its  interests,  should  subject  me  to  re- 
proacli  in  return,  I  can  endure  it  with  far  more  of  pride  tlian  of 
shame. 

VI.  The  natural  death  of  Ludwig  the  First  of  Bavaria  would 
have  been  many  degrees  less  distressing  than  is  his  moral  and 
political  one,  by  which  he  has  terminated  his  career  that  forms  an 
epoch  in  the  history  of  art,  as  an  infatuated  old  dotard.  Scarcely 
ever  before  has  so  much  been  done  by  an  individual  prince  for  the 
embellishment  of  his  ca]iital,  as  has  been  accomplislied  by  Ludwig 
for  Munich ;  whose  name  has  in  consequence  become  a  familiar 
household  word  in  the  mouths  of  artists  throughout  all  Europe. 
What  other  princes  have  done  for  art  has  been  in  a  great  measure 
out  of  either  ostentation  or  policy ;  but  the  ex-king  of  Bavaria 
seems  to  have  been  all  along  warmly  attached  to  art  for  its  own  sake. 
It  was  himself  personally  that  originated  the  idea  of,  and  sedulously 
watched  through  their  progress,  monumental  structures,  some  of 
which  would  of  themselves  highly  sufficed  for  recording  architec- 
turally an  entire  reign.  No  very  excessive  hyperbole  is  it  to  say, 
tliat  the  reign  of  Ludwig  has  been  equivalent  to  the  lengthened  rule 
of  a  dynasty,  when  we  compare  Munich  with  what  it  was  some  thirty 
years  ago  and  now  is.  And  )iow ! — why  now,  the  tears  shed  over 
his  coffin  would  have  been  far  less  painful  than  the  sigh  wliich  we 
give  to  his  folly  and  his  fate. 

VII.  There  is  a  vast  deal  of  prate  and  palaver  about  Propor- 
tions, as  if  all  beauty  in  architecture  were  referable  to  them 
alone,  independently  of  all  other  qualities  that  go  to  make  up 
beauty,  and  independently  of  all  circumstances.  It  is  so  conveni- 
ent to  have  what  looks  like  irrefragible  and  authoritative  doctrine, 
and  a  theory  so  compact  tliat  it  may  be  put  into  anutshell,  or 
carried  on  the  tip  of  one's  tongue,  ready  to  dart  out  the  magic  word 
— Proportions.  Vet,  so  far  from  being  on  that  account  a  simple 
one,  such  theory  is  an  exceedingly  complicated  and  abstruse  one. 
If  we  ask  what  are  beautiful  Proportions,  we  shall  be  told  "just" 
ones ;  when,  if  not  satisfied  with  such  elucidation,  we  return  to 
the  charge  and  inquire  what  are  just  Proportions,  we  shall,  perhaps, 
be  furtlier  enlightened  by  being  assured  that  they  are  those  which 
are  harmonious  and  conduce  to  beauty.  For  the  human  figure  and 
otlier  jinimal  forms,  there  are  standards  of  normal  Proportions, 
fi.xed  by  nature  herself.  But  in  architecture,  there  is  no  immut- 
able standard  of  Proportion  for  any  one  style,  much  less  one  ap- 
plicable to  all  styles  alike.  In  the  Greek  orders,  we  find  the  very 
extremes  of  proportion — such  as  could  not  be  exceeded  either  way 
without  falling  into  deformity  and  disproportion — in  the  Psstum 
Doric,  and  the  slender,  comparatively  too  ■  slender,  Corinthian. 
Yet,  utterly  dissimilar  as  they  are,  all  the  orders  may  be  said  to 
be  admirably  proportioned  in  themselves ;  which,  however,  instead 
of  at  all  simplifying  the  matter,  only  renders  the  subject  of  Pro- 
portion the  more  abstruse  and  perplexing.  The  very  best  Propor- 
tions are  only  relatively  good,  for  differently  applied  they  might 
be  far  from  pleasing,  or  even  be  absurd ; — at  the  utmost,  only 
average  proportions,  suitable  for  general  guidance  and  foi  ordinary 
cases  ;  and  so  far  from  being  abided  by,  such  average  may  frequently 
be  greatly  exceeded  with  the  happiest  effect.  What,  for  instance, 
is  loftiness  but  an  unusual  degree  of  height  in  comparison  with 
breadth,  or  height  exceeding  the  usual  relative  proportion  which  it 
bears  to  width  .''  To  attempt  to  fix  invariable  Proportions  by  rule 
is  worse  than  nugatory,  sinceitispositivelymischievous,anddetracts 
from  the  privileges  of  art ;  rendering  that  a  merely  mechanical  pro- 
cess which  ought  to  be  determined  very  differently.    After  all,  it 


is  the  eye  which  judges  of  Proportions ;  therefore,  surely  the  eye 
of  the  architect — supposing  him  to  be  at  all  wortliy  of  such  name 
— ought  to  be  able  to  decide  what  are  pleasing  Pro])ortions  quite 
as  well  as  that  of  other  people.  And  so  that  they  be  pleasing,  it 
matters  not  at  all  liow  much  they  deviate  from  ordinary  routine 
and  its  rules.  Undue  stress  is  laid  upon  Proportion,  because  it  is 
generally  spoken  of  as  if  it  were  all-sufficient  in  itself  alone,  and  ca- 
pable of  ensuring  excellence  ;  whereas,  it  is  only  one  element  of 
beauty  in  design.  Besides  which,  the  term  itself  is  usually  under- 
stood in  only  a  very  limited  meaning — namely,  with  reference  to  that 
mechanical  species  of  it  which  concerns  itself  with  merely  parts 
and  individual  members  or  features,  without  that  higher  artistic 
one  being  included  in  the  idea  of  it,  which  regulating  the  whole 
of  a  composition,  stamps  it  to  the  eye  at  once  as  a  "captivating 
ensemble,  all  whose  parts  are  in  perfect  keeping.  That  kind  of 
Proportion  is  quite  beyond  the  reach  of  rules.  I'hose  wlio  cannot 
find  out  for  tliemselves  how  to  produce  it,  nmst  dispense  with  it, 
trusting  that  it  will  never  be  missed  by  those  who  are  content  with 
Proportion  in  jiieces  and  bits, — by  hairbreadth  measurers  of 
columns  and  mouldings. 

VIII.  Odious  as  the  Window-tax  may  be  as  a  tax,  I  cannot  at  all 
agree  with  thoso  who  consider  it,  or  talk  as  if  they  did  consider  it, 
to  operate  injuriously  upon  architectural  design.  So  far  is  ap- 
pearance from  being  at  all  benefitted  by  a  multiplicity  or  frequency 
of  windows,  that  the  fewer  tlie  windows  the  more  satisfactory  is 
external  appearance ;  for  unless  sparingly  introduced,  such  open- 
ings sadly  interfere  with  breadth  and  repose.  We  certainly  do  not 
find  that  in  designs  produced  as  specimens  of  their  author's  taste, 
consequently  comjiosed  without  the  slightest  regard  to  the  W^indow- 
tax,  they  are  at  all  prodigal  of  windows.  If  the  Window-tax  be  felt 
a  peculiarly  onerous  and  oppressive  one,  let  it  by  all  means  l)e  got 
rid  of ;  but  in  the  name  of  common-sense,  don't  let  its  effect  upon 
architectural  design  be  urged  as  a  reason  for  its  removal,  because 
if  taste  is  to  liave  any  voice  in  the  matter,  it  might  find  a  very 
strong  plea  for  the  obnoxious  tax  being  doubled,  or  even  trebled. 
With  regard  to  the  purpose  for  whicli  windows  are  necessary  at 
all,  rooms  may  have  too  much  light,  or  too  much  window-surface, 
as  well  as  too  little.  The  cheerfulness  of  a  room  does  not  depend 
so  much  upon  the  quantity  of  light  admitted  into  it,  as  upon  many 
other  circumstances  ;  and  foremost  among  them  is  the  air  of  com- 
fort, or  of  both  combined,  which  it  exhibits  itself.  Much  also  de- 
pends upon  situation  ;  for  the  latter  may  be  such  as  to  render  the 
minimum  of  exposure  to  our  view  of  it  desirable.  Again,  the  sort 
of  cheerfulness  derived  from  window-light  is  entirely  dependent 
upon  the  weather :  if  that  be  gloomy  and  cheerless, — triste  and 
dull.  In  dismal  weather — no  very  great  rarity,  by  the  by,  in 
this  climate, — a  blazing  fire  is  far  more  exhilarating  than  the  mere 
daylight.  Of  quantum  of  window  or  aperture  for  light  in  a  room, 
there  may  be  excess  just  as  weU  as  deficiency.  Yet,  because  light 
is  indispensable,  it  is  thought  that  there  cannot  possibly  be  too 
much  of  it. 

IX.  While  some  of  the  studies  and  qualifications  enumerated 
as  requisite  for  the  architect  are  very  remotely  connected  with 
either  the  practice  or  theory  of  his  art,  even  if  they  can  be  said 
to  be  connected  with  it  all,  others  there  are  which  are  overlooked — 
at  least  passed  over  in  silence.  It  is  difficult  to  repress  a  smile 
when  we  find  History  and  Biography  included  among  the  studies 
which  an  architect  ought  to  be  conversant  with — for  why  not  Geo- 
graphy also — more  especially  Poliography,  or  descriptions  of  cities 
and  tlieirpublic  monuments.  The  quantum  of  History,  however,  is 
so  far  from  being  formidable,  that  it  dwindles  down  into  a  mere 
honiEeopathic  dose, — no  more  of  it  being  insisted  upon  than  what 
relates  to  architecture.  Just  the  same  is  it  with  Biography  ;  for 
architectural  biography  is  exceedingly  scanty  indeed,  and  does  not 
at  all  tend  to  encumber  biographical  dictionaries.  Mr.  Donaldson 
points  only  to  one  source  for  it — to  Milizia  alone,  without  so  much  as 
mentioning  Temanza,  Quatremere  de  Quincy,  and  Cean-Bermudez. 
Of  biography  in  general,  it  may  safely  be  predicated  tliat  it  is  "  a 
most  attractive  branch  of  history ;"  but  the  same  cannot  possibly 
be  averred  of  architectural  biography  as  a  particular  species  of  it, 
because,  as  it  has  hitherto  been  treated,  it  is  particularly  dry  ;  a 
fault  that  might  be  forgiven,  were  it  not  also  particularly  ie/wn*. 
Biography,  says  Mr.  Donaldson,  when  speaking  of  its  importance 
to  the  architect,  "  teaches  us  the  course  by  which  great  men  have 
attained  to  eminence  ;"  yet  that  cannot  be  said  of  the  species  of  it 
which  he  must  be  supposed  to  have  had  exclusively  in  view.  On 
the  contrary,  it  leaves  us  wholly  ignorant  of  the  studies  and 
mental  impulses  to  which  the  "  eminent"  in  the  profession  have 
been  indebted  for  their  ability,  and  their  distinction  in  the  art. 
Nay,  we  very  rarely  learn  what  were  the  external  matter-of-fact 
circumstances  that  shaped    out  and  attended  their  professional 
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career.  Bio^aphical  notices  of  architects  we  most  undeniably 
have,  yet  scarcely  anythinf?  really  deservinf?  tlie  name  of  architec- 
tural biography, — nothinp:  written  in  e.rtenno  and  fully  developed. 
Passing  over  other  studies  which  are  strangely  claimed  for  the  ar- 
chitect, Iwill  point  out  what,  although  overlooked,!  myself  conceive 
to  be  very  essential  qualifications — I  say  essential,  not  indis])ensable, 
— because  daily  experience  convinces  us  that  dispensed  with  they 
are.  Now  I  sliould  say  that  talent  for  Invention  and  Contrivance 
stJinds  almost  foremost  among  the  qualifications  for  an  architect. 
Without  it,  he  can  be  little  more  than  a  barren  copier,— the  crea- 
ture of  comme-il-fuut  routine  ;  a  very  respectable  automaton,  but 
not  an  artist.  If  we  care  only  for  mechanical  skiU  and  excellence, 
let  us  boldly  say  so  at  once,  and  desist  from  that  maudlin,  namby- 
pamby  prating' about  architecture  as  art, — except  it  be  just  that 
brevet  grade  of  the  latter,  by  virtue  of  which  tailoring  and 
cookery  claim  to  be  enrolled  among  the  so-called  arts.  For  the 
display  of  other  talent  and  merits,  the  opportunities  are  compara- 
tively few ;  but  those  for  tlie  exercise  of  Contrivance  are  con- 
tinually presenting  themselves.  It  is  wliat  so  far  from  requiring 
favourable  circumstances,  is  most  of  all  called  into  operation  by 
disadvantageous  ones,  and  by  difficulties  and  untoward  circum- 
stances which,  by  a  little  exercise  of  it,  might  be  overcome,  not 
only  sufficiently  well,  but  even  happily,  and  so  as  to  be  productive 
of  both  conveniences  and  beauties  that  would  not  have  been 
thought  of  but  for  the  obstacles  which  prevent  compliance  with 
usual  matter-of-course  proceeding.  A  taste  for  and  acquaintance 
with  art  generally,  as  well  as  his  own  particular  branch  of  it,  is  also 
highly  desirable,  if  not  indispensable,  for  the  architect — a  taste  not 
so  much,  perhaps,  expressly  for  painting  and  sculpture  tliemselves, 
as  for  pictorial  and  sculpturesque  decoration  ;  and  as  regards  an 
eye  for  colour,  effect,  and  various  combinations  of  form. 


ON  THE  STABILITY  OF  ARCHES. 

On  the  Stahilitii  of  Arches,  with  practical  methods  for  determining, 
according  to  the  Pressures  to  which  they  will  be  subjected,  the  best  form  of 
Section,  or  variable  depth  of  Voussoir,  for  any  given  Intrados  or  Estra- 
das. By  George  Snell,  Assoc.  Inst.  C.E. — (From  a  paper  read  at 
the  Institution  of  Civil  Engineers.) 

The  first  section  of  this  paper  treats  of  the  general  conditions  of 
stability  in  structures  composed  of  many  blocks  of  materials,  as 
walls,  arches,  &c.  The  second  and  third  sections  discuss  the  con- 
ditions of  stability  of  an  arch,  the  form  of  which  and  the  pressures 
sustained  by  it,  as  regards  position,  direction,  and  amount,  are 
similar  on  either  side  of  the  crown  of  the  arch  ;  such  as  an  arch 
sustaining  its  own  weight  only,  or  that  of  a  symmetrical  super- 
structure. In  the  second  section  the  arch  is  supposed  to  be  formed 
of  blocks  of  an  incompressible  material;  but  in  the  third  section 
the  limited  strength  of  materials  is  taken  into  consideration.  The 
fourth  section  discusses  the  conditions  of  stability  of  an  arch,  acted 
upon  by  forces  of  any.,amount,  applied  in  any  position  and  direction 
in  the  plane  of  the  section,  or  of  an  arch  whose  form  is  not  similar 
on  both  sides  of  the  crown. 

The  effect  of  the  adliesion  of  the  cement  is  not  taken  in  any  case 
into  consideration. 

Section  I. 

Art.  1. — A  structure  built  of  blocks  of  stone  or  other  material, 
as  A  B  C  D,  diagram  1,  may  yield  under  the  pressure  to  which  it  is 
subjected ;  first,  by  the  slipi)iug  of  certain  of  its  surfaces  of  contact 


Dlagra  m  1.  Diagram  2.  Diagram  3.  Diagram    4.  Diagram  5. 

one  upon  another,  as  diagram  2; — secondly,  by  the  blocks  turning 
over  on  e  upon  the  edge  of  another,  as  diagram  3  ;— or  thirdly,  by 


the  yielding  of  the  materials  of  which  the  structure  is  composed, 
as  diagram  4'.  For  the  first  effect  to  take  place,  it  is  necessary 
tliat  the  resultant  V„,  of  the  pressure  P,,  on  one  of  the  blocks  A, 
and  weight  of  A,  should  act  in  a  direction  inclined  to  a  perpendi- 
cular drawn  from  the  surfaces  of  contact,  at  an  angle  greater  than 
L  A  R,  the  "limiting  angle  of  resistance"  of  those  surfaces.  For 
example,  if  the  materials  are  calcareous  oolite,  this  angle,  LA  R, 
is  36°  30' ;  and  if,  as  in  diagi-am  2,  the  direction  of  the  resultant  is 
moi'e  inclined  from  the  perpendicular  than  this  angle,  failure  vvill 
take  place,  from  tlie  one  block  slipping  on  the  other. 

For  the  second  effect  to  take  place,  the  resultant  pressure  must 
act  in  a  direction  which  passes  without  the  joint,  as  in  diagram  3. 
The  third  effect  depends,  first,  on  the  strength  of  the  material ; 
secondly,  on  the  amount  of  the  resultant  pressure  ;  and  thirdly,  on 
the  position  and  direction  of  that  pressure.  Thus  the  material 
may  be  capable  of  sustaining  the  pressure,  if  it  acts  through  the 
axis  of  the  stone;  the  pressure  in  that  case  being  equally  distri- 
buted over  the  whole  surface  of  contact ;  but  if  tlie  direction  of 
the  pressure  approaches  very  closely  to  one  of  the  edges,  so  that 
one  portion  of  the  block  sustains  a  much  greater  pressure  per 
square  inch  than  another,  then  the  material  may  yield  and  failure 
ensue,  as  in  diagram  4. 

If,  however,  none  of  the  resultant  pressures  Pj  Pj  P^  P5,  dia- 
gram 5,  fulfil  any  of  the  above  conditions,  that  is,  if  none  are  in- 
clined from  a  periiendicular  to  the  surface  of  contact  at  an  angle 
greater  than  the  limiting  angle  of  resistance  of  those  surfaces,  nor 
fall  without  the  joint,  nor  approach  so  near  to  the  edge  as  to  cause 
the  material  to  yield,  then  the  structure  will  withstand  the  pres- 
sure P,.  Also,  if  instead  of  the  pressure  P,,  the  structure  be  acted 
on  by  a  pressure;),,  and  the  resultants  p^  p^  p^  p^,  do  none  of  them 
fulfil  any  of  the  conditions  of  failure,  it  will  withstand  tliis  pres- 
sure. In  like  manner,  an  endless  variety  of  pressures,  or  systems 
of  pressures,  may  be  sustained  by  the  structure,  each  giving  a  dif- 
ferent series  of  resultants  on  the  successive  joints. 

Art.  2. — If  any  other  joints  are  made  in  the  structure,  the  posi- 
tion and  direction  of  the  resultant  pressures  on  them,  also,  must  be 
drawn  and  examined,  before  the  stability  of  the  arch  is  determined  ; 
if,  however,  a  curve  such  as  that  in  diagram  5  could  be  traced,  the 
property  of  which  curve  should  be,  that  at  any  point  in  it  the 
tangent  should  represent  the  position  and  direction  of  the  resultant 
pressure,  as  the  arrows  P^  P.,  P4  P5,  which  are  tangents  to  the 
curve,  and  which  also  show  the  position  and  direction  of  the  re- 
sultants ;  then  if  no  part  of  this  curve  passed  without  the  structure, 
or  so  near  to  the  edges  of  it,  as  to  cause  the  material  to  yield,  the 
structure  would  be  stable,  however  numerous,  or  in  whatever  di- 
rection the  joints  might  be,  provided  that  the  perpendicular  from 
the  joint  were  inclined  to  the  tangent  to  the  curve,  at  an  angle  less 
than  the  limiting  angle  of  resistance.  This  curve  is  known  as  the 
"line  of  resistance,'  and  its  properties  were  discussed  for  the 
first  time  by  Professor  Moseley,  in  essays  published  in  the  "  Cam- 
bridge Philosophical  Transactions  ;"*  it  can  be  traced  by  applica- 
tion of  difficult  mathematical  analysis,  as  shown  in  the  fourth  part 
of  the  "  Jlechanical  Principles  of  ("ivil  Engineering  and  Architec- 
ture," p.  403.  If,  however,  the  resultant  pressures  are  determined 
for  a  series  of  joints,  the  line  of  resistance  can  be  traced  with  suffi- 
cient accuracy  from  joint  to  joint,  by  means  of  a  bent  whalebone, 
or  a  metal  spring,  or  by  hand  as  in  diagram  5. 

Art.  3.  Problem  1. — To  find  the  position,  direction,  and  amount 
of  the  resultant  pressure  on  every  joint  of  a  structure,  the  result- 
ant pressure  on  one  of  the  blocks  being  given  in  position,  direc- 
tion, and  amount,  and  the  specific  gravity  of  the  material  forming 
the  structure  being  also  known. 

Diagram  6  represents  a  structure  of  seven  blocks  of  stone,  or 
other  material,  the  pressure  on  the  first  block  being  80  cwt.,  and 
its  position  and  direction  represented  by  the  arrow  ;  it  is  required 
to  determine  the  position,  direction,  and  amount  of  the  resultant 
pressures  on  all  the  other  blocks. 

Construct  a  scale  of  equal  parts,  each  part  to  represent  one  cwt., 
or  one  pound,  &c.,  as  may  be  convenient.  In  this  figure  each 
equal  part  represents  one  cwt.  Calculate  the  weight  of  each  stone 
(in  this  example,  if  the  first  block  weighs  15  cwt.,  the  weight  of  the 
others  are  as  figured  on  them  in  the  diagram). 

Find  the  centres  of  gravity  of  the  blocks :  {they  are  indicated  in 
this  and  the  follnwing  diagrams  by  this  mark  +  ). 

Then  the  pressures  on  the  second  block  are,  first,  the  weight  of 
the  first  block  :=  15  cwt.,  which  may  be  represented  by  a  pressure 
of  15  cwt.  acting  vertically  downwards  through  the  centre  of  gra- 
vity of  the  block  ;  draw  the  line  W,,  representing  the  position 
and  direction  of  this  pressure  :  secondly,  the  pressure  on  the  first 
block,  which  acts  in   the   direction  and  position  indicated  by  the 

*  Vide  Pliil.  Trans.,  Cambridge,  Toi.  v.  p.  293 ;  voi.  vi.  p.  463. 
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arrow  ;  continue  this  direction  till  the  line  intersects  the  vertical, 
throue;h  the  centre  of  gravity ;  from  the  point  of  intersection  of 
these  two  lines  measure  off,  on  the  vertical  line,  a  distance  equal 
to  15  parts  of  the  scale,  making  the  side  AV,  of  the  parallelogram  ; 
and  on  the  line  in  the  direction  of  the  pressure  on  the  block,  m  ea- 

Diagram  S 


iO  50    W  W  30  ',0  50  60   W  gO  90  100 
Scale  of  equal  parts,  representing  Certs. 

sure  off  a  distance  equal  to  80  parts  of  the  scale,  making  the  second 
side  P,  of  the  parallelogram  ;  draw  the  other  two  sides  ;  and  the 
diagonal  R,  W,  P,,  will  represent  the  direction  of  the  resultant 
of  these  pressures  ;  its  length,  equal  to  81ij  parts  of  the  scale,  wiU 
give  the  amount  of  its  pressure,  81^  cwt.,  and  the  line,  continued 
till  it  intersects  the  joint  No.  1,  will  represent  the  point  of  applica- 
tion of  this  resultant  pressure  on  the  second  block  ;  that  is  to  say, 
that  point  will  be  the  centre  of  pressure  of  all  the  pressures,  com- 
municated throughout  the  surfaces  of  contact,  from  the  first  block 
to  the  second,  and  the  amount  of  the  resultant,  8I5  cwt.,  will  be 
the  aggregate  of  these  pressures. 

If  the  line  W,,  representing  the  weight  of  the  block,  is  drawn 
from  the  point  of  intersection,  in  the  direction  in  which  it  acts, 
that  is,  vertically  downwards,  then  the  line  P,,  representing  the 
pressure  on  the  block,  must  be  drawn  in  the  direction  in  which  it 
acts,  that  is,  from  right  to  left.  If,  however,  as  in  the  present 
case,  it  is  more  convenient,  the  lines  may  be  drawn  each  in  the 
direction  opposite  to  that  in  which  the  pressures  act,  that  is,  the 
weight  represented  by  a  line  vertically  upwards,  and  the  pressure 
by  a  line  from  left  to  right,  in  which  case  the  resultant  pressure 
will  act  in  the  direction  of  the  diagonal,  but  towards  the  point  of 
intersection  of  the  two  lines,  that  is,  from  right  to  left  in  the  pre- 
sent example. 

The  resultant  pressure  on  the  third  block  is  determined  in  a 
manner  precisely  similar  to  that  described  above,  with  regard  to 
the  second  ;  a  vertical  line  is  drawn  through  the  centre  of  gravity 
of  the  second  block,  and  the  direction  of  the  resultant  pressure  on 
the  same,  P^,  is  continued  till  the  lines  intersect ;  8I5  parts  mea- 
sured from  this  intersection  on  the  latter  line,  form  one  side  of  the 
parallelogram,  and  15  parts  measured  on  the  vertical  line  from  the 
other,  for  the  amount  of  the  resultant  pressure  on  the  second  block 
is  81^  cwt.,  and  the  weight  of  the  second  block  is  15  cwt. :  the 
parallelogram  being  completed,  the  diagonal  produced  determines 
the  position  and  direction  of  the  resultant  pressure  on  the  third 
block,  and  its  length,  measured  by  the  scale,  determines  the  amount 
of  the  pressure  to  be  86  cwt.  In  like  manner,  the  pressure  on  the 
fourth  block  is  100  cwt.,  and  its  position  and  direction  are  shown 
by  the  arrow  P4  ;  also  P5  P^  P,,  show  the  position  and  direction 
of  the  resultant  pressures  on  the  fifth,  sixth,  and  seventh  blocks, 
and  their  respective  amounts  are  determined  by  the  length  of  the 
diagonals  of  the  fourth,  fifth,  and  sixth  parallelograms,  and  if  any 
of  the  blocks  were  removed,  and  replaced  by  a  prop,  in  the  position 
and  direction  shown  by  the  arrow  :  as  for  example,  if  the  seventh 
block  were  removed,  and  replaced  by  the  prop  there  shown,  then 
all  tlie  remaining  portion  of  the  structure  would  be  balanced  on 
the  point  of  the  prop.  Each  of  these  arrows  are  tangents  to  the 
line  of  resistance,  which  can  be  drawn  from  point  to  point  by  the 
eye,  or  by  means  of  a  piece  of  whalebone,  or  a  metal  spring. 


If,  instead  of  the  pressure  on  the  first  block,  the  pressure  on 
any  other  block  be  given,  the  resultant  pressure  on  all  the  others 
may  be  found  in  a  similar  manner.  Thus,  if  the  pressure  on  the 
fourth  block  is  known,  the  pressure  on  the  fifth,  sixth,  and  seventh 
will  be  found  in  precisely  the  same  manner  as  above  described. 
Then  with  regard  to  the  third  block,  it  will  be  acted  on  by  its  own 
weight,  and  the  pressure  from  the  second  block,  and  the  given 
pressure  on  the  fourth  block,  is  the  resultant  of  these  two  pres- 
sures ;  if,  therefore,  a  vertical  line  is  drawn  through  the  centre  of 
gravity  of  the  third  block,  and  another  line  is  drawn  in  the  direc- 
tion of  the  given  jiressure  on  the  fourth  block,  and  from  the  point 
of  intersection  of  these  two  lines  there  is  measured  off  on  the  ver- 
tical, as  many  parts  of  the  scale  as  there  are  cwts.  in  the  weight 
of  the  block,  and  on  the  other  line,  as  many  parts  as  there  are 
cwts.  in  the  given  pressure  on  the  fourth  block  ;  then  there  have 
been  measured  the  side  W^  of  the  parallelogram  and  the  diagonal 
R,  W3  P.,  and  these  two  lines  determine  the  parallelogram,  the 
second  side  of  which,  from  the  point  of  intersection,  represents 
the  pressure  on  tlie  third  block.  This  pressure  on  the  third  block 
being  determined,  that  on  the  second  and  that  on  the  first  block 
may  be  found  in  the  same  manner,  the  lines  drawn  being  the  same 
as  those  in  the  example. 

Art.  4. — In  nearly  all  cases  of  arched  structures,  the  pressure  on 
any  one  of  the  voussoirs  is  unknown,  and  this  constitutes  the  diffi- 
culty of  the  subject :  the  point  of  application,  the  direction,  and 
the  amount  of  the  resultant  pressure  on  any  of  the  voussoirs  being 
determined,  the  conditions  of  stability  of  the  whole  structure  are 
found  by  the  application  of  the  foregoing  problem.  To  determine 
the  stability  of  the  arch  with  regard  to  the  first  condition  of  failure, 
diagram  2,  that  is,  supposing  failure  to  take  place,  by  the  slipping 
of  one  vouissoir  on  another,  the  direction  only  of  the  resultant 
pressures  is  required ;  but  to  determine  whether  the  arch  will  fail 
(as  in  diagrams  3  or  4),  by  the  voussoirs  turning  on  their  edges,  or 
by  the  material  failing,  not  only  the  direction,  but  the  points  of 
application  and  the  amount  of  the  pressures  must  be  determined. 
1  he  theories  of  the  arch,  which  preceded  tliat  of  Professor  Alose- 
ley,  take  into  consideration  only  the  first  condition  of  failure  (Art. 
1,  diagram  2),  it  being  supposed  tliat  if  the  arch  faUed,  it  would 
he  by  one  of  the  voussoirs  slipping  on  another.  The  experiments 
of  Rennie,  Morin,  and  others,  had  not  then  been  made,  and  the 
resistance  of  the  friction  of  one  stone  on  another  was  much  under- 
rated, so  that  it  was  considered  necessary  for  stability,  that  the 
direction  of  the  pressures  should  always  be  perpendicular  to  the 
joints;  of  course  this  could  only  be  the  case  for  one  particular 
system  of  pressures,  and  if  the  weights  on  the  voussoirs  and  other 
pressures  were  so  arranged,  that  tlie  resultant  pressure  on  each 
joint  acted  in  a  direction  perpendicular  to  it,  then  if  any  weight 
were  added  to  the  system,  or  any  taken  away,  the  positions  and 
directions  of  the  resultant  pressures  would,  of  course,  vary  also, 
and  their  directions  be  no  longer  perpendicular  to  the  joint.  It 
seems  to  have  been  the  practice  of  bridge-builders,  to  take  the 
weight  of  the  arch-stones  and  backing  for  the  fixed  system  of 
pressures ;  and  this  weight  being  very  great  in  proportion  to  that 
of  the  wagons,  carriages,  and  people  passing  over,  the  eft'ect  of  the 
latter  was  not  an  important  consideration,  and  the  old  problems 
sufficiently  answered  the  purpose.  In  the  case,  however,  of  a  light 
railway  bridge,  traversed  by  a  heavy  train,  which,  coming  upon  it 
suddenly,  has  twice  the  effect  of  a  stationary  pressure  of  the  same 
weight,  the  effect  of  such  traffic  must  not  be  omitted  from  the  cal- 
culation ;  but  if  the  arch  is  designed  and  the  weights  on  the  vous- 
soirs arranged,  so  that  the  resultant  pressures  shall  be  perpendi- 
cular to  the  joints  when  the  train  is  on  the  bridge,  then,  when  the 
train  has  moved  off,  all  the  resultant  pressures  will  have  taken  new 
positions  and  directions,  no  longer  perpendicular  to  the  joints;  so 
that,  according  to  the  theories  themselves,  the  arch  would  fail. 
These  theories  are  also  quite  useless  in  determining  the  stability 
of  vaults  on  high  walls  ;  there  is  not,  perhaps,  a  single  vaulted  roof 
now  standing,  that  does  not  prove  their  fallacy. 

Art.  5. — VVithout  taking  into  consideration  the  adhesion  of  the 
cement  in  the  joints,  the  limiting  angle  of  resistance  for  the  sur- 
faces of  all  materials  used  in  arches,  is  so  large,  that  it  would  be 
difficult  to  design  an  arch  and  loading,  in  which  the  first  condition 
of  failure  would  be  fulfilled ;  in  the  pier  or  abutment,  however, 
such  failure  is  likely  to  occur,  and  must  be  carefully  guarded 
against. 

The  second  condition  of  failure,  diagram  3,  is,  strictly  speaking, 
impossible,  for  no  block  will  turn  on  its  edge  upon  another,  with- 
out some  abrasion,  or  elastic  yielding,  of  the  surfaces,  in  which 
case  it  becomes  that  shown  in  diagram  4,  or  the  third  condition  of 
failure  ;  however,  as  the  failure  takes  place  from  the  tendency  of 
the  pressures  to  turn  the  blocks  on  their  edges,  it  seems  that  tb« 
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subject  is  best  discussed  by  first  supposing;  that  the  materials  are 
incompressible,  and  tracinf;  the  conditions  of  stability  on  this  hypo- 
thesis, and  then  by  examining?  in  what  respect  those  conditions  are 
modified  by  the  limited  strentfth  of  the  materials. 

Art.6. — Inapplyiufj  the  following^methods  to  analyse  the  strenf^h 
of  any  given  structure,  tlie  first  (piestion  to  lie  solved  is  :  Is  the 
structure,  when  acted  on  by  tlie  Riven  pressure,  on  the  balance  be- 
tween standinsr  and  falling  ?  The  problems  determine  if  this  is 
the  case,  and  if  not,  if  the  tendency  is  towards  stal)ility  or  insta- 
bility. If  the  structure  be  on  the  balance  between  standing  and 
falling,  then  the  slightest  alteration  in  tlie  jiressures  may  cause  it 
to  fail,  and  it  would  therefore  be  condemned  as  unsafe.  If  the 
tendency  be  towards  instability,  unquestionably  the  arch  will  not 
stand.  If,  on  the  other  hand,  the  tendency  be  towards  stability, 
then  another  question  arises  :  How  great  a  degree  of  strength  does 
the  structure  possess  ?  When  it  is  decided  in  what  terms  this 
strength  is  to  be  measured,  the  problems  in  the  following  pages 
can  be  applied  to  answer  the  tpiestion.  Thus,  the  strength  may  be 
measured  by  the  weight  in  dift'erent  positions  and  directions,  that 
will  be  recpiired  to  produce  the  state  of  unstable  equilibrum,  or  the 
balance  between  standing  and  falling.  Or,  again,  the  strength  of 
the  material  may  be  hypothetically  diminished,  until  this  unstable 
equilibrum  is  produced,  and  thus  a  measure  of  strength  is  obtained  ; 
as  for  instance,  if  the  hypothetically  diminished  strength  of  the 
material  is  one-tenth  the  actual  strength  of  the  material  used, 
then  the  structure  is  ten  times  stronger  than  is  theoretically  ne- 
cessary. 

Section  II. 

Art.  7. — On  the  conditions  of  stability  of  an  arch  whose  voussoirs 
are  incompressible  ;  the  form  of  which,  and  the  pressures  sustained 
by  it,  as  regards  position,  direction,  and  amount,  being  similar  on 
either  side  of  the  crown  of  the  arch. 

In  such  an  arch,  the  conditions  of  failure  are,  as  before  stated, 
the  first  and  second ;  that  is,  the  voussoirs  may  slip  on  one  another, 
or  turn  over  on  their  edges :  the  latter  condition  wiU  first  be  dis- 
cussed. 

It  need  not  he  proved,  that  if  in  one  part  of  an  arch  the  vous- 
soirs turn  over  on  their  edges  at  the  extrados,  causing  the  joint  to 
open  at  the  intrados,  then  at  some  other  positions,  other  voussoirs 
must  turn  over  on  their  edges  at  the  intrados  and  the  joints  open 
at  the  extrados.  Also  it  need  hardly  be  proved,  that  if  the  arch  is 
similar  in  form  and  similarly  loaded  on  eitlier  side  of  tlie  crown, 
that  if  failure  takes  place,  in  the  manner  above  described,  one  of 
the  points  of  rupture  will  be  at  the  crown  of  the  arch  :  this  is 
nearly  self-evident,  and  may  be  proved  by  experiments  on  any 
model  of  an  arch  ;  it  is,  however,  proved  geometrically  by  applica- 
tion of  the  problem  in  Section  4.  If  the  arch  fails  at  the  crown, 
by  the  voussoirs  turning  on  their  edges  A,,  at  the  extrados,  as  in 
diagram  7,  then  at  some  point  in  the  haunches,  the  voussoirs  will 
at  the  same  time  be  turning  on  their  edges  A,,,  at  the  intrados,  in 
which  case  the  crown  will  sink  and  the  haunches  will  spread. 

If  the  arch  fails  at  the  crown,  by  the  voussoirs  turning  on  their 
•dges  at  the  intrados,  as  in  diagram  8,  then  at  simie  point  in  the 
naunches,  the  voussoirs  will,  at  the  same  time,  be  turning  on  their 
edges  Aj,  at  the  extrados,  in  which  case  the  haunches  will  sink 
and  the  crown  of  the  arch  will  rise. 

Art.  8. — When  the  arch  is  failing,  as  shown  in  diagrams  7  and  8, 
then  the  points  of  application  of  the  resultant  pressures  at  the 
places  of  failure  are  beyond  the  edge  of  the  voussoir,  as  shown  in 


sultant  pressure  must  be  at  the  extreme  edge  of  the  voussoir,  and 
its  direction  must  also  be  that  of  the  tangent  to  the  intrados,  or 
extrados,  at  A,,  Aj,  &c.,  because  if  not,  the  line  of  resistance 
passes  without  the  boundary  of  the  voussoirs,  either  on  one  or 
otlier  side  of  the  point  A,  and  tlie  structure  has  already  failed,  by 
the  turning  over  of  some  other  voussoir.  Therefore,  wlien  the 
arch  is  in  the  condition  of  unstable  equilibrium,  then,  at  all  the 
points  of  rupture,  the  directions  of  the  resultant  pressures  are  tan- 
gents to  the  intrados,  or  extrados. 

Art.  9.  Pruhlem  2. — To  find  the  second  point  of  rupture,  in  an 
arch  whose  voussoirs  are  incompressible,  the  form  of  whicli  and  the 
pressure  sustained  by  it,  as  regards  position,  direction,  and  amount, 
being  similar  on  either  side  of  the  crown  of  the  arch. 

Also  to  find  the  amount  of  pressure  at  the  crown  and  at  the 
second  point  of  rupture. 

Take  for  example  an  arch  with  a  backing,  or  superstructure, 
diagram  9.     It  is  required  to  find  the  second  point  of  rupture,  that 


Diagram  7. 


Diagram  6. 


diagram  3.  But  when  the  arch  is  in  the  condition  of  unstable 
equilibrium,  that  is,  when  it  is  on  the  balance  between  standing 
and  falling,  and  when  the  voussoirs  are  on  the  point  of  turning  on 
their  edges  at  A„  Aa,  &c.,  then  the  point  of  application  of  the  re- 


Diagram  9. 

is,  that  point  in  the  haunches,  at  which  the  voussoirs  will  he  about 
to  turn  on  their  edges,  when  the  arch  is  in  the  condition  of  un- 
stable equilibrium. 

As  the  form  of  the  structure  leads  to  the  supposition,  that,  if 
failure  take  place,  it  will  be  by  the  sinking  of  the  crown  and  the 
spreading  of  the  haunches,  let  it  be  first  assumed  that  the  arch  is 
about  to  fail  in  that  manner.  Then  the  point  C,  in  the  extrados, 
at  the  crown,  will  be  the  first  point  at  wliich  the  voussoirs  are 
about  to  turn  ;  and  the  horizontal  line  C  E,  will  represent  the 
direction  and  position  of  the  pressure  upon  the  side  of  the  arch 
drawn  in  the  figure,  caused  by  the  weight  of  the  opposite  and 
similar  side  :  see  Art.  8. 

Choose  some  point  R,,  in  the  intrados,  and,  for  trial,  suppose 
that  to  be  the  second  point  of  rupture.  Then  the  voussoirs  will 
be  on  the  point  of  turning  on  their  edges  at  R,,  and  the  resultant 
pressure  will  act  through  R,,  in  the  direction  R,  T,,  of  the  tan- 
gent to  the  intrados :  see  Art.  8.  Draw  the  joint  or  normal  to  the 
intrados  R,  N,,  and  the  vertical  line  N,  U,.  Find  the  centre  of 
gravity  of  the  mass  A  DR.,  N,  B,  ;  and  draw  the  vertical  line 
G,  W,,  and  produce  it  till  it  intersects  C  E,  at  the  point  I,. 
Then  the  only  pi-essures  acting  on  the  point  R,,  are  the  pressure 
of  the  opposite  arch,  acting  in  the  direction  C  E,  and  the  weight 
of  the  mass  A  D  11,  N,  B,,  acting  in  the  direction  I,  W,  ;  and 
since  the  direction  of  these  two  pressures  intersect  in  the  point 
1 1,  therefore,  by  the  well-known  law  of  Statics,  the  direction  of 
their  resultant  also  passes  through  the  point  I,  ;  but  when  the 
arch  is  about  to  fail  at  the  point  R,,  R,  T,  is  the  direction  of  the 
resultant,  and  tliis  does  not,  if  continued,  pass  througli  the  point 
I,.  Therefore,  R,  is  not  the  second  point  of  rupture,  and  some 
other  point  must  be  tried.  If  the  line  R,  I,  he  drawn,  it  will  be 
seen  that  its  direction  is  less  inclined  to  the  vertical  than  R,  T,  ; 
and  this  leads  to  the  supposition  that  the  point  of  rupture  is  lower 
down,  at  some  point  where  the  tangent  to  the  curve  is  less  inclined 
to  the  vertical.     Therefore,  choose  some  other  point  R^,  and  pur- 
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sue  a  precisely  similar  method  to  that  described  for  R„  as  shown  in 
the  figure. 

Then,  since  the  tangent  Ro  T„,  produced,  does  not  pass  through 
the  point  of  intersection  I=,  but  is  less  inclined  to  the  vertical 
than  the  line  R„  L,,  the  point  of  rupture  is  above  R^-  Also  since 
the  line  R^,  T^,  more  nearly  coincides  with  the  line  R„  I„,  than 
the  line  R,  T,,  with  the  line  Ri  I,,  the  point  of  rupture  is  nearer 
to  R,.,  than  to  R,. 

One  more  subsequent  trial  generally  suffices  to  determine  the 
correct  point,  which,  in  this  example,  is  the  point  R,.  For  the 
tangent  R.,  T,,  produced,  passes  through  the  point  I,,  which  is 
the  point  of  intersection  of  the  direction  of  the  weight  of  the 
mass  A  D  R,  N,  B,,,  and  the  pressure  of  the  opposite  of  the  arch. 
Therefore,  if  the  arch  fails  by  the  sinking  of  the  crown,  the  second 
point  of  rupture  is  R,. 

The  second  case  is  now  to  he  considered  :  AVhere  will  be  the 
second  point  of  the  rupture,  if  the  arch  fails  by  the  rising  of  the 
crown  ?  Draw  the  horizontal  line  D  L,  which  w  ill,  in  this  case, 
represent  the  position  and  direction  of  the  pressure  of  the  oppo- 
site side  of  the  arch.  Let  the  point  N,  be  tried  ;  then  if  N,  be 
the  point  of  rupture,  the  tangent  to  the  extrados  at  N,  N,  P,, 
will,  if  produced,  pass  through  the  point  Q,,  which  is  the  point  of 
intersection  of  tlie  directions  of  the  pressures  of  the  opposite  side 
of  the  arch,  represented  by  the  line  D  L,  and  of  the  w  eight  of 
the  mass  A  D  R,  N,  B,,  represented  by  the  vertical  lineW,  I,. 
But  N,  P,  intersects  the  line  D  L,  far  from  the  point  Q,.  Also 
if  the  point  N,  be  tried,  it  will  be  found  that  the  tangent  N^  P3 
is  far  distant  from  the  point  of  intersection  Q, ;  and  in  like  man- 
ner it  will  be  found,  that  at  no  other  point  above  N,,  will  these 
conditions  be  fulfilled,  except  at  the  point  C.  Therefore  the  arch 
will  not  fail  by  the  rising  of  the  crown.  Therefore  the  arch  will, 
if  it  fails,  fail  by  the  sinking  of  the  crown  and  the  sjireading  of 
the  haunches ;  and  the  point  R,  is  the  second  point  of  rupture. 

Art.  10.  The  second  part  of  the  Problem. — It  is  re<juired  to 
determine  the  amount  of  pressure  at  the  crown,  and  at  the  second 
point  of  rupture. 

Construct  a  scale  of  equal  parts,  as  in  Problem  I,  each  division 
representing  some  unit  of  pressure,  as  pounds,  hundred-weights, 
or  tons.  Through  the  point  of  their  intersection  1 3,  produce  the 
lines  Rj  I,,,  and  W,  I3 ;  then  on  the  line  W,,  I,,  produced,  mea- 
sure off  the  distance,  I,  F,  containing  as  many  equal  parts  of  the 
scale  as  these  units  of  weight,  in  the  mass  A  D  R„  N;,  B,,  and 
from  the  point  F,  draw  a  line  parallel  to  C  E,  intersecting  the  line 
R3  I3,  produced  at  the  point  H.  Then,  by  the  well-known  prin- 
ciple of  the  parallelogram  of  pressures,  the  line  F  H  contains  as 
many  equal  parts  of  the  scale  as  there  are  units  in  the  pressure 
of  the  opposite  side  of  the  arch  on  the  crown  at  C,  and  the  diago- 
nal of  the  parallelogram  H  I3,  contains  as  many  equal  parts  as 
there  are  units  in  the  pressure  on  the  point  R3.  Thus,  in  Ex- 
ampe  1,  if  the  weight  of  the  mass  A  D  R,,  N3  B3,  is  3  tons  3  cwt., 
then  the  pressure  at  the  crown  will  be  1  ton  2  cwt.,  and  the  pressure 
at  the  point  R„,  3  tons  5  cwt. 

Art.  11. — Thus  the  resultant  pressure  on  one  of  the  blocks  of 
the  structure  is  determined  in  direction,  position,  and  amount, 
which  is  the  datum  required  in  Problem  1  ;  and  therefore,  that 
problem  may  be  applied  and  the  line  of  resistance  be  traced,  as  in 
the  example  in  Art.  3,  through  the  whole  structure,  commencing 
either  from  the  crown,  or  from  tlie  second  point  of  rupture  ;  and 
this  line  will  represent  the  resultant  pressures  at  every  part  of  the 
structure,  Vhen  it  is  on  the  balance  between  standing  and  falling, 
that  is,  when  it  is  in  the  condition  of  unstable  equilibrium. 

If  the  line  of  resistance,  at  any  point,  passes  without  the  boun- 
dary of  the  voussoirs,  the  structure  will  unquestionably  fail.  If  it 
touches  the  extrados,  or  intrados,  at  other  points,  and  at  the  base, 
then  the  structure  is  in  the  condition  of  inistable  equilibrium.  If 
the  line  of  resistance  passes  through  the  base  of  the  structure, 
some  distance  within  the  mass,  then  the  arch  has  a  certain  degree 
of  stability,  which  may  be  tested,  as  described  in  Art.  6,  by  the 
methods  given  in  the  following  Sections. 

The  stability  of  the  structure,  with  regard  to  the  first  condition 
of  failure  (Art.  1,  diagram  2),  has  to  be  considered,  and  is  at 
once  determined  by  inspecting  the  line  of  resistance,  drawn  as 
described  in  the  foregoing  examples.  If  at  any  part  of  the  struc- 
ture a  joint  is  made,  in  such  a  direction,  that  a  perpendicular 
drawn  from  it  shall  be  inclined  from  the  tangent  to  the  line  of  re- 
sistance, at  that  point,  at  an  angle  greater  than  the  limiting  angle 
of  resistance  of  the  surfaces  of  contact,  the  structure  will  fail  at 
that  place ;  if,  however,  this  is  not  the  case  at  any  position  in 
the  arch  or  pier,  then  the  structure  will  not  fail  by  the  slipping  of 
the  blocks  one  upon  the  surface  of  the  other,  and  the  first  condi- 
tion of  failure  will  not  be  fulfilled. 


Section  III. 

On  the  conditions  of  stability  of  an  arch,  the  form  of  which, 
and  the  pressui-es  sustained  liy  it,  as  regards  position,  direction, 
and  amount,  are  similar,  on  either  side  of  the  crown  of  the  arch  ; 
the  limited  strength  of  tlie  materials  being  taken  into  considera- 
tion. 

Art.  12. — By  reference  to  Art.  6  it  will  be  seen,  that  it  is  there 
proposed,  that  the  conditions  of  stability  in  an  arch  should  first 
be  discussed  on  the  supposition  that  the  materials  were  incom- 
pressible, and  that  then  it  should  be  examined  in  what  respect 
those  conditions  were  modified  by  the  limited  strength  of  the 
materials  used  in  building.  The  first  part  of  this  proposition  has 
been  considered  in  Section  II.  It  is  the  purpose  of  this  section  to 
consider  the  second  part. 

The  arches  in  the  examples  in  the  last  section  could  not  stand 
if  they  were  built  of  any  material  at  present  known,  because  at 
the  points  of  rupture,  the  resultant  pressures  act  at  the  extreme 
edge  of  the  voussoirs,  and  therefore  all  the  pressure  has  to  be  re- 
sisted by  these  extreme  edges,  or  by  a  single  line,  which  cannot  be 
the  case,  unless  the  material  is  incompressible.  So  that  in  all 
practical  cases  of  arches,  even  the  condition  of  unstable  equili- 
brium cannot  be  attained,  unless  the  position  of  the  line  of  resist- 
ance is  some  distance  within  the  section  of  the  arch.  The  ques- 
tion which  then  arises  is,  how  near  to  the  intrados  or  extrados  can 
the  line  of  resistance  pass,  without  causing  the  failure  of  the  ma- 
terials .'' 

Art.  13. — Experiments  to  determine  the  strength  of  stones  to 
resist  compression,  have  for  the  most  part  been  made  by  the  ap- 
plication of  pressures  on  cubes  of  the  stone,  in  a  direction  perpen- 
dicular to  the  face  of  the  cube,  as  in  diagram  10.  The  resultant 
of  this  pressure,  and  the  weight  of  the  stone,  acts  in  the  direction 

Diagram  10. 


Diagram  11. 

of  the  axis  of  the  cube.  Its  point  of  application  being  in  the  centre 
of  the  base  at  p  ;  so  that  if  any  line  be  drawn  through  this  point  p,  to 
the  edges  of  the  block,  as  the  line  A  B,  the  portion  p  A\%  equal 
to  the  portion  p  B  :  and  as,  by  the  principle  of  the  equality  of 
moments,  the  pressure  on  the  point  A,  multiplied  by  the  length 
Ap,  is  equal  to  the  pressure  on  the  point  B,  multijdied  by  the 
length  Bp;  since  the  length  Ap,  is  equal  to  the  length  B  p,  the 
pressure  on  the  point  A,  is  equal  the  pressure  on  the  point  B ;  and 
similarly  the  pressure  on  the  w  hole  edge  of  the  stone  e  h,  is  equal 
to  the  pressure  on  the  opposite  edge/g. 

Now  let  the  block  of  stone,  as  shown  in  diagram  11,  be  acted 
upon  by  a  pressure  whose  direction  is  inclined  to  the  axis  of  the 
block,  but  which  is  applied  in  such  a  position,  that  the  resultant 
of  it,  and  the  weight  of  the  block,  acts  through  the  point  p,  in 
the  centre  of  the  base.  Draw  any  line  A  B,  through  the  point  ;>, 
to  the  edges  eh,  and  fg,  and  draw  another  line  through  p,  in  the 
direction  of  the  resultant,  and  from  the  points  A  and  B,  draw 
lines  Am,  B  /,  perpendicular  to  this  line.  Then,  by  the  principle 
of  the  equality  of  moments,  the  pressure  on  A,  multiplied  by  the 
length  Am,  is  equal  to  the  pressure  on  B,  multiplied  by  the  length 
B /.     But  since  p  B,  is  equal  top  A,  the  angle  Apm,  is  equal  to 
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he  anffle  Tip  I.  and  the  angles  Amp,Blp,  are  right  angles  ;  there- 
fore, tlie  length  B  /,  is  equal  to  the  length  A  jh,  and  therefore,  the 
pressure  at  A,  is  equal  to  tlie  pressure  at  15,  and  similarly  the 
pressure  ou  the  wliole  edge  fi  A,  is  equal  to  the  pressure  on  the 
whole  edge  /"v.  Therefore,  in  hoth  cases,  diagrams  lu  and  11,  the 
the  pressure  will  he  sustained  in  a  similar  nianuer,  hy  the  base 
cfgli.  So  that  if  the  resultant  jjressure  at  p,  diagram  10,  is  equal 
to  one  ton  per  scpiare  inch  of  the  surface  efyli,  and  does  not 
crush  the  particles  in  that  surface,  tlien,  if  tlie  resviltant  at  p, 
diagram  11,  is  equal  to  one  ton  pei  square  inch  of  the  surface 
efg  A,  the  particles  in  that  surface  will  not  be  crushed. 

if  in  either  of  the  cases.  Diagrams  10  and  11,  the  portion /j/cjr, 
be  added,  it  is  evident  that  the  pressure  on  the  base  cfgli,  will  not 
be  increased.  And  therefore,  if  a  stone,  as  in  diagram  12,  lie 
acted  on  by  a  pressure,  the  resultant  of  which,  and  the  weight 
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D'agram  12. 

of  the  stone,  passes  through  a  point  p,  in  the  base  e  ikh  :  Draw  a 
line  AC,  through  the  point  p,  to  the  edges  eh,  andik;  then 
measure  off,  on  the  line  p  C,  a  portion  p  B,  equal  to  the  length  p  A, 
and  draw  the  line/B  if,  perpendicular  to  the  line  A  C.  Then,  if 
the  resultant  pressure  at  the  point  ;),  divided  hy  the  number  of 
square  inches  in  the  surface  efgh,  is  not  greater  than  the  pressure 
per  square  inch,  that  (by  the  experiment  in  diagram  10)  the  mate- 
rial was  found  capable  of  bearing,  then  the  stone  wiU  not  fail 
when  acted  upon  by  the  given  pressure. 

It  is  of  course  implied,  that  no  natural  fault,  or  laminated 
structure,  of  the  stone,  sliould  cause  it  to  yield,  it  being  evident 
that  the  judgment  of  the  engineer  must  be  called  into  requsition, 
to  guard  against  such  a  catastrophe. 

Art.  H.— The  method  here  proposed,  for  the  determination  of 
the  proper  section,  &c.,  of  arches,  or  for  discussing  the  stability  of 
arches  already  designed,  the  limited  strength  of  the  material  being 
taken  into  consideration,  is  founded  on  the  above-mentioned  prin- 
ciple. 

Section  IV. 

On  the  conditions  of  stability  of  an  arch,  acted  upon  by  forces 
of  any  amount,  applied  in  any  position  and  direction  in  the  plane 
of  the  section ;  or  of  an  arch,  whose  form  is  not  similar  on  both 
sides  of  the  crown. 

Art.  15. — In  an  arch  under  the  conditions  stated  at  the  head  of 
this  section,  the  first  point  of  rupture  is  not  necessarily  at  the 
crown,  and  it  is  this  which  constitutes  the  difficulty  of  the  ques- 
tion. It  may  here  he  remarked,  that  when  the  terms  first,  second, 
and  third  points  of  rupture  are  used,  it  is  not  meant  that  the 
failure  of  an  arch  commences  at  the  first  point,  and  then  spreads 
to  the  second  point  of  rupture,  and  so  on ;  for  theoretically  speak- 
ing, the  structure  will  fail  at  all  those  points  at  the  same  time  ; 
but  by  the  first  point  of  rupture  is  merely  meant  the  point  of  rup- 
ture first  determined,  and  by  the  second  point  of  rupture,  the 
point  of  rupture  secondly  determined,  as  by  the  process  detailed 
in  the  preceding  sections,  one  point  of  rupture  being  already 
known. 

Art.  Ifi.  Problem  3. — To  find  the  first  point  of  rupture  in  an 
arch  acted  upon  by  any  given  pressures,  in  any  given  position, 
and  the  arch  itself  being  of  any  gi^•en  shape.  The  method  pro- 
posed to  solve  this  prolilem  will,  it  is  thouglit,  be  more  easily 
shown,  liy  reference  to  the  example  of  the  arclied  vault  in  the 
previous  sections,  than  by  a  general  diagram  and  demonstration. 

Example. — Let  the  arched  vault  shown  in  diagram  13,  of  80  feet 
span,  and  whose  depth  of  voussoir  at  the  crown  is  equal  to  one- 
ninth  of  tlie  radius,  be  acted  on  by  a  pressure,  equal  to  the  weight 
of  a  portion  of  the  arch  of  20°  length  of  intrados,  and  one  foot  in 
length  of  transverse  section,  and  applied  vertically  to  the  extrados, 
at  a  distance  of  30°  from  the  crown.  Required  the  first  point  of 
rupture,  under  these  conditions  ;  the  materials  being  incompressi- 
ble. First,  suppose  for  trial,  some  point  R,  in  the  extrados,  to  be 
the  first  point  of  rupture,  say  28°  from  the  crown,  as  in  diagram  13. 


Draw  a  tangent  T„  R,  T,,  to  the  extrados  at  R,.  Then  if  R„ 
be  the  first  point  of  rupture,  R,  T,,  and  R,  T.^,  represent  the  di- 
rection of  the  pressure  of  one  portion  of  the  arch  on  the  other 
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when  the  arch  is  about  to  fail  at  that  point ;  for  then  the  line  of 
resistance  touches  the  extrados  at  R,.  Also  R,  being  the  first 
point  of  rupture,  and  the  arch  being  about  to  fail,  the  pressure  of 
the  lower  portion  of  the  arch,  in  the  direction  To  R',  must  be 
equal  to  the  pressure  of  the  upper  portion,  in  the  direction  T,  R, ; 
for  the  pressures  must  be  in  equilibrium  about  the  point  R„  and  if 
one  is  preponderating,  then  the  arch  has  already  failed  somewhere 
else,  and  the  voussoirs,  if  about  to  turn  on  their  edges  at  the  point 
R„  are  moving  in  the  direction  of  the  preponderating  pressure. 
On  the  supposition  that  R,  is  the  first  point  of  rupture,  find  the 
second  points  of  rupture,  Rj,  on  the  right  and  left  hand  sides  of 
the  arch,  in  the  same  manner  as  described  in  Section  II.  Problem  2. 

In  this  case,  the  second  point  of  rupture  on  the  right  hand  side, 
is  at  the  intrados,  at  51°  degrees  from  the  crown  ;  for  the  vertical 
line,  drawn  through  the  centre  of  gravity  of  the  mass  R,  N,  R,  Nj, 
intersects  the  tangent  to  the  extrados,  at  the  crown  R,  T,,  at  the 
point  O,  and  the  tangent  to  the  intrados  at  R„  also  passes  through 
the  same  point.  Also  the  second  point  of  rupture,  on  the  left 
hand  side,  is  at  the  intrados,  6-t°  distant  from  the  crown  ;  for  the 
direction  of  the  resultant  of  the  weight  of  the  mass  R,  N,  RjNj, 
and  the  force  impressed  on  the  arch,  intersects  the  tangent  to  the 
extrados  at  Ri,  and  the  tangent  to  the  intrados  at  Rj,  at  the  same 
point  O. 

Next,  construct  the  parallelograms  of  pressure,  as  shown  in 
diagram  13 ;  in  that  for  the  left  side,  the  vertical  line  marked 
R  W  I,  represents  the  resultant  of  the  weiglit  of  the  mass,  30'°, 
and  the  impressed  forces  equal  to  the  weight  of  20°  of  the  arch  ; 
and  these  being  pressures  in  the  same  direction,  this  resultant 
equals  the  weight  of  56°  of  the  arch,  and  the  side  of  the  parallelo- 
gram R  W  I,  is  equal  to  56  parts  of  the  scale.  The  directions  of 
the  other  two  pressures  are  sufficient  to  determine  the  parallelo- 
gram, by  which  it  appears,  that  the  pressure  of  the  lower  portion 
of  the  arch  on  the  point  R„  in  the  direction  Tj  R,,  is  equal  to  the 
weight  of  40°  of  the  arch. 

In  the  same  manner  it  will  be  found  that  the  pressure  of  the 
upper  portion  of  the  arch  on  the  point  R,,  in  the  direction  T,  R,, 
is  ecpial  to  the  weight  of  50°  of  the  arch.  But  the  pressure  in  the 
direction  Tj  R^  is  equal  to  th'  weight  of  40°  of  the  arch,  therefore 
the  pressure  at  the  point  R,,  of  the  upper  portion  of  the  arch, 
u])on  the  lower,  is  greater  than  that  of  the  lower  portion  and  its 
impressed  force,  on  the  upper.  Therefore  R,  is  not  the  first  point 
of  rupture. 

Take  therefore,  for  trial,  some  other  point  nearer  the  crown  of 
the  arch,  for  the  point  of  rupture  ;  for  it  is  evident,  that  as  the 
point  of  rupture  approaches  towards  the  crown,  the  pressure  on  it 
from  the  left  side,  willbegreater;  and  that  fromtherightsidebe  less. 
Let  this  second  trial  point  be  15°  from  the  crown ;  repeat  with  re- 
gard to  this  point,  a  process  similar  to  that  above  described,  and  as 
shown  in  the  diagram ;  and  it  will  be  found,  that  the  pressure  from 
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left  to  ri^ht  is  equal  to  the  weia;ht  of  42^°  of  the  arch,  and  that 
from  rig;lit  to  left,  equal  to  the  weight  of  41°  ;  so  that  the  pres- 
sures are  very  nearly  in  equilibrium  ;  therefore,  the  first  point  of 
rupture  is  very  near  this  trial  point ;  and  the  pressure  of  the  ri^^ht 
side  of  the  arch  preponderates  :  therefore,  take  for  the  next  trial, 
a  point  a  few  degrees  nearer  the  crown. 

Thus  the  first  i)oint  of  rupture  will  soon  be  arrived  at,  which,  in 
this  case,  is  at  tlie  extrados,  10°  from  the  crown,  for  when  the 
voussoirs  are  about  to  turn  on  their  edges,  at  this  j>oiiit,  the  pres- 
sure from  the  lel't  equals  the  pressure  from  the  right ;  each  being 
equal  to  the  weight  of  41°  of  the  arch. 

The  second  point  of  rujiture  on  the  right  side,  is  at  the  intrados, 
55°  from  the  crown,  and  the  pressure  there  is  equal  to  the  weight 
of  71°  of  the  arch  ;  then  Problem  1  can  be  applied,  to  trace  the 
line  of  resistance  through  the  rest  of  this  side  of  the  structure, 
and  it  will  be  found,  that  for  the  arch  to  be  in  the  condition  of 
unstable  equilibrium,  about  the  springing,  it  is  necessary  that  the 
voussoirs  should  be  deepened  about  12  inches,  at  86°  40'  from  the 
crown. 

The  second  point  of  rupture  on  the  left  side,  is  at  the  intrados 
62°  from  the  crown,  and  the  pressure  there  is  equal  to  the  weight 
of  90°  of  the  arch,  and  Problem  1  being  applied  to  trace  tlie  line 
of  resistance  through  the  rest  of  the  structure,  it  will  be  found, 
that  for  it  to  be  in  the  condition  of  unstable  equilibrium,  at  the 
s]u-inging,  the  voussoir  must  be  notched  at  the  extrados,  to  the 
depth  of  about  6  inches. 

Art.  17. — Theprinciplesand  themethod  described  in  Secti<in  III. 
may  be  applied  to  the  arch  sustaining  pressures,  as  described  in  the 
heading  of  this  section,  and  of  unsymmetricical  form  ;  as  well  as 
to  that  arch  whose  pressures  and  form  are  similar  on  both  sides  of 
the  crown,  as  described  in  Section  II 

It  is  also  evident,  that  the  above  method  will  apply  to  any  irre- 
gular form  of  arch,  and  that  the  principles  and  method  described 
in  Section  III.  might  also  be  applied. 


ON  A  GENERAL  THEOREM  TO  CALCULATE  THE  AREA 

OF  A  CROSS-SECTION  OF  A  RAILWAY  ON 

SIDELONG  GROUND. 

By  R.  G.  Clark. 

The  intention  of  this  paper  is  to  investigate  a  formula,  free  from 
surds  or  any  approximation,  to  compute  the  area  of  a  cross-section, 
without  having  regard  to  the  side  stakes.     We  have  given  (fig.  1 ) 


But(T-T')x 


sin  e 


2  m  sin  6 


sin  9 


Fig.  1 

the  breadth  of  formation  level  A  B ;  the  depth  O  F  from  centre 
stake  ;  the  difference  of  heights  q  d,  taken  by  the  spirit-level  ;  the 
corresponding  hypothenusal  length  q  r ;  and  the  ratio  of  the  slopes. 
On  referring  to  page  68,  present  volume,  article  "  Railway  Sections 
in  Sidelong  Ground,"  to  formula  (3),  which   is 

(2  6  -f  m  u)  1  +  \(b-\-  m  a)  {x-x')  sin  e  =  area  ; 
where  h  =  ^  formation  level ;  a  =  depth  or  height  from  centre 
stake  to  centre  of  formation  level ;  x  and  x'  equal  the  distances 
O  D,  O  H  ;  8  =  angle  of  inclination  of  ground ;  and  m  base  of 
slope  to  one  perpendicular.  Also  let  h  =  difference  of  heights  by 
level  r  d  ;  and  /  =  O  rf,  the  hypothenusal  length  on  surface. 
From  (1)  and  (2),  page  67,  in  the  article  above  referred  to,  put 

T  = ^ .—  ,  and  T'  =    ^ • 

cos  e  —  m  sin  e  cos  B  -\-m  sin  6  ' 

then  the  above  formula  becomes,  by  substituting  T  and  T', 


(2  6-1-  »n  a)  a  +  (*  +  m  a)-  (T  —  T')  X 


sin  e 


:=  area (4) 


2  cos' 

m-  sin^  e 


-m'  sin' 
m  tan' 


e 


cos^  —  tn  -  sin'  e         1  —  rri-  tan  a' 

Now  consider,  in  the  right-angle  triangle  q  d  r,  the  height  qd  = 

h  to  be  a  tangent,  the  horizontal  distance  d  r  the  radius ;  therefore, 

h-- 
tan- fl  = 


„ ,  J-    Substitute  this  value  in  last  expression,  and  then 

in  (4)  ;  we  have  for  the  required  general  formula  : 

m  A' 

-^,  =  area  H  A  B  D  (5) 


{2  b  -{-  m  a)  a  +  {b  -\-  may 

Let  the  slope  be  1  to  I  ;  then  m  ^  1 ; 


(2  6-1- a)  a - 


Ib  +  aYh^ 


(«) 

The  general  formula  is  more  simple  than  it  appears  :  when  these 
numbers  are  large,  we  shall  only  require  a  table  of  square  numbers 
to  work  out  any  question.     Two  examples  are  subjoined  : — 

1.  Given  lengtli  on  slojie  of  ground  =  20  feet ;  the  difference  of 
heights,  6  feet;  slope  to  be  2  to  1  ;  depth  of  cutting,  20  feet;  and 
breadth  of  formation  level,  30  feet.     Find  area  by  the  formula  (5). 

Substitute  the  above  values  in  (5)  : 

(33 -I- 40)  20 -[-   (16-5-1-40)=-^-— ^=2504-7,   area  required. 

4-00  —  180 

2.  Given  the  length  20  feet  on  descent  of  ground  ;  difference  of 
heights  by  level,  6  feet ;  intended  slopes,  1  to  1  ;  depth  of  cutting, 
45  feet ;  and  breadth  of  formation  level,  33  feet.  Find  the  are  a. 
{See  fig.  1  ;  and  for  embankment,  see  fig.  2.) 

By  substituting  the  above  values  in  (o)  : 

(33  +  45)  45  +  il^^±^^l^  =  3925,  area  required. 


Fig.  2. 

From  the  above  it  may  be  observed,  that  when  a  centre  line  of 
railway  is  ranged  and  staked  out,  and  the  depths  known  on  in- 
clined ground,  we  can  always  find  most  expeditiously  the  area  of 
any  vertical  cross- section,  by  means  of  the  spirit-level,  without  re- 
quiring the  distances  of  the  side  stakes  from  the  centre.  By  way 
of  comparison,  I  have  to  refer  to  an  article  for  a  similar  purpose, 
page  263,  vol.  VII.  of  this  Journal. 


SOCIETY  FOR  THE   PUBLICATION  OF  ARCHITEC- 
TURAL KNOWLEDGE. 

From  what  has  been  said  of  it,  the  main  purpose  of  this  Society 
— which,  perhaps,  may  not  mean  to  call  itself  exactly  by  the  title 
for  the  present  assigned  to  it — seems  to  be  to  bring  out  what  shall 
be  a  complete  Dictionary  or  Encyclopaedia  of  Architecture — a  very 
meritorious  undertaking,  and  one  which,  as  the  want  of  such  a 
work  is  felt,  might  have  reasonably  enough  been  expected  on  the 
part  of  the  Institute.  That  the  present  Dictionaries  which  we  have 
of  the  kind  are  all  more  or  less  defective  and  unsatisfactory,  even 
considered  with  reference  to  the  time  when  they  were  produced, 
is  universally  admitted.  Even  had  they  no  other  deficiencies,  they 
have  one  and  all  lagged  very  much  behind  the  actual  time  when 
they  made  their  appearance,  whereas  every  work  of  the  kind 
ought  to  bring  down  its  information  to  the  latest  possible  moment. 
Let  us  hope  this  important  point  will  be  attended  to  in  the  one 
now  promised,  and  that  it  will  duly  notice  all  those  improvements, 
both  in  matters  of  construction  and  those  of  embellishment,  which 
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have  come  up  of  late  years,  and  to  which  every  year  adds  some- 
thing'. As  the  Society  in  question  of  course  looks  to  usefulness 
and  reputation,  rather  than  to  anything  in  the  shape  of  pecuniary 
])rofit,  we  may  fairly  anticipate  from  it  sometliinff  irreatly  superior 
to  everythin;;  else  of  tlie  kind.  .Much  will  dejiend  upon  their 
most  carefully  maturing  tlie  whole  of  tlieir  plan  beforehand, — a 
work  of  no  snuill  laliour  in  itself,  but  wliich  would  save  them  in- 
numerable difficulties  and  perplexities.  Let  nothing  l)e  overlooked  : 
let  them  not  have  to  say,  when  midway  in  their  task,  we  did  not 
think  of  this,  or  of  that,  and  it  is  too  late  to  think  of  it  now.  Be- 
yond this  we  cannot  attempt  to  give  any  sort  of  special  advice, 
because  if  anticipated  by  themselves  it  might  be  construed  into 
downright  impertinence.  We  can  only  say  that  we  shall  gladly 
open  our  columns  to  any  more  correct  and  fuller  information  as  to 
its  objects  which  the  Society  may  deem  proper  to  communicate. 


REVICWS. 

GEOMETRY  FOR  THE  MILLION. 

Principles  of  Geometry,  Mensuration,  Trigonometry,  Land  Sur- 
veying, and  Levelling.  By  Thomas  Tate.  London :  Longman 
and  Co.,  1848. 

We  have  read  this  work  with  sincere  regret :  for  in  every  point 
of  view  it  is  calculated  to  be  injurious.  It  will  be  injurious  to 
those  who  take  it  as  a  guide  for  the  study  of  geometry  ;  and  it 
will  materially  injure  the  character  which  Rlr.  Tate  had  fairly  es- 
tablished by  his  prex'ious  writings,  both  as  a  mathematician  and  an 
instructor.  We  could,  indeed,  scarcely  believe,  whilst  turning 
over  the  pages,  that  we  had  not  taken  up  the  wrong  work ;  and 
we  once  actually  (under  the  impression  that  it  could  not  have 
I)een  written  by  Mr.  Tate)  turned  back  to  the  title-page  to  verify 
our  unbelief! 

Of  Mr.  Tate's  other  works,  without  e.xception,  we  think  very 
highly.  His  treatise  on  "  Factorials"  bespeaks  consideral)le  ana- 
lytical power ;  and  though  rejected  by  the  Royal  Society  (which 
we  deem  to  be  no  criterion  of  the  merit  of  the  work),  it  contains 
much  that  is  new,  and  the  whole  system  is  developed  with  perspi- 
cuity and  elegance.  His  "Arithmetic,"  again,  isjust  what  a  treatise 
on  arithmetic  should  be  : — the  rules  are  given  clearly,  and  such 
reasons  or  approximations  to  reasons  as  could  be  comprehended 
by  the  minds  of  young  students,  are  attached  to  the  rules.  The 
elBcient  demonstration  of  the  rules  of  arithmetic  constitutes  the 
basis  of  algebra  ;  for  we  hold  that  algebra  is  fundamentally  only  a 
statement  of  the  rules  for  arithmetical  operation,  obtained  by  in- 
duction from  the  particular  instances  supplied  in  actual  computa- 
tion. We  have  no  faith  (because  we  have  no  proof)  in  the  doc- 
trine of  "  the  permanence  of  equivalent  forms,"  as  a  fundamental 
principle,  apart  from  the  evidence  of  induction,  and  of  the  verifi- 
cation afforded  by  deductions  from  it.  Again,  in  the  "Exercises 
on  Mechanics  and  Natural  Philosophy,"  Mr.  Tate  has  manifested 
consummate  skill,  by  exhil)iting  very  simply  and  very  clearly,  the 
primary  laws  of  meclianical  action ;  and  the  exercises  are  admi- 
rably chosen  from  amongst  the  most  familiar  combinations  of  ma- 
chinery, and  the  plienomena  of  daily  observation,  which  tend  to 
elucidate  the  ])rinciples  very  happily. 

Our  readers  (and  even  Mr.  'I' ate  himself)  must,  then,  be  con- 
vinced that  we  are  actuated  by  no  hostile  or  unkind  feelings  to- 
wards that  gentleman,  wlien  we  express  our  objections,  and  very 
grave  objections  too,  to  his  "  Principles  of  Geometry."  For  no 
other  reason,  indeed,  should  we  have  said  so  much  by  way  of 
proem. 

Our  objection  then  is — that  Mr.  Tate  has  either  misconceived  or 
misrepresentcdthe  fundamental  character  of  geometricalevidence  and 
of  geometrical  reasoning.  Either  of  these  charges  seems  almost 
alike  improbable : — the  former  in  consideration  of  his  intellect, 
his  reputation,  and  his  cleverness ;  tlie  latter,  in  consideration  of 
his  scholastic  position  and  his  high  cliaracter  for  probity.  We 
have  no  alternative  to  the  one  hypothesis  but  the  other  ;  and  we 
have  no  hesitation  in  saying  that  misconception  is  the  real  cause  of 
the  objectionable  principles  of  this  work.  We  will  state  our 
reasons  for  thinking  so. 

Mr.  Tate,  like  nearly  all  our  "  analysts,"  appears  to  have 
never  acquired  a  clear  view  of  the  essential  principles  ot  geo- 
metrical evidence.  Analysis  (employing  the  word  as  synonymous 
with  algebra,  after  the  dictum  of  D'Alembert)  is  a  system  of  in- 
ductions only — at  least,  as  far  as  operations  and  what  are  called 


"  principles"  are  concerned.  Its  most  general  theorems  are 
wholly   dependent   upon  induction  for  their  evidence — as   much 

so  as  the  parallelogram  of  forces,  or  tlie  law  of  gravitation. 
In  geometry,  on  the  contrary,  the  only  principle  employed  is  the 
syllogism  ;  and  the  only  appeals  to  experience  are  the  iew  axioms 
respecting  tlie  visual  and  tangible  properties  of  figures  which  are 
])ut  down  at  the  opening  of  Euclid's  first  liook,  together  with  those 
fundamental  conceptions  respecting  multiples  whidi  are  prefixed 
to  the  fifth  book.  The  fact  is,  that  Mr.  Tate  has  not  discriminated 
between  the  essential  characters  of  geometry  and  of  algebra  ;  and 
he  has  thereby  been  led  to  import  into  the  discussion  of  the 
former  subject,  the  metliods  which  are  not  only  legitimately 
available  in  the  latter,  but  in  a  great  degree  essential  to  its  de- 
velopment. 

There  may  be  an  additional  reason,  dependent  on  Mr.  Tate's  pro- 
fessional position,  for  his  vagueness  of  conception  on  this  head. 
The  Battersea  Training  Institution  was  formed,  we  believe,  for 
the  purpose,  not  so  much  of  education  itself,  as  for  training  the 
humbler  order  of  schoolmasters  in  the  art  of  teaching.  Most  cer- 
tainly the  object  was  a  noble  one  :  for  probably  no  one  of  our 
social  classes  stood  relatively  so  low  in  respect  to  skill  in  their  par- 
ticular duties  as  the  general  mass  of  schoolmasters.  A  good 
teacher,  or  even  a  moderate  scholar,  was  the  exception  to  the  rule 
rather  than  tlie  rule  itself.  This  has  been  sufficiently  established  by 
the  reports  of  the  "Government  Inspectors  of  Education" — even 
after  all  allowance  has  been  made  for  the  over-colourings  in  those 
Reports,  which  in  some  cases  cannot  be  denied  to  have  been  made. 
The  formation  of  suitable  schoolmasters,  especially  for  the  rural 
districts,  required  them  to  be  trained  to  a  ready  and  jiopular  ex- 
position of  the  ordinary  phenomena  of  nature  and  of.mechanism, 
as  well  as  of  mere  methods  of  computation.  Popular  rather  than 
technical  language  is  often  found  to  be  convenient ;  and,  below  a  cer- 
tain grade  of  mental  development,  it  is  essential  in  such  a  case.  In 
the  devising  of  such  popular  modes  of  exposition,  Mr.  Tate  has 
been  for  many  years  employed ;  and,  as  is  always  the  case,  his 
daily  routine  of  duties  may  be  supposed,  without  any  diminution 
of  our  respect  for  his  talents,  to  have  destroyed  that  vividness  of 
perception  and  rigorous  spirit  of  reasoning,  which  matliematical 
science  naturally  produces  in  respect  to  the  force  of  evidence. 

We  look,  of  course,  to  the  preface  of  a  work  to  ascertain  the  ob- 
jects for  which  that  work  is  written,  and  the  principles  on  which 
the  author  composed  it.  A  reference  to  Mr.  Tate's  preface,  with 
one  or  two  specimens  of  his  method  of  proceeding,  will,  we  are 
sure,  convince  every  reader  that  we  have  not  formed  our  un- 
favourable opinion  of  his  work  witliout  adequate  reason. 

Mr  Tate  considers  that  "  it  will  be  instructive  to  trace  the 
origin  of  oar  ideas  in  geometry,  with  the  view  of  suggesting  to  us 
the  nieans  whereby  first  notions  on  the  subject  should  be  conveyed  to  the 
mind  of  the  learner."  Now,  the  ambiguity  involved  in  the  word"  our" 
— which  leaves  it  uncertain  whether  he  referred  to  the  conceptions  of 
the  first  geometrical  speculists  of  our  race,  or  to  those  who  in  our 
time  have  been  trained  in  the  terminology  and  popular  traditions 
of  geometry — is  very  objectionable.  Tlie  former  would  ajipear, 
from  his  subsequent  remarks  to  be  his  view  :  but  it  is  not  at  all  clear. 
Under  either  aspect,  however,  his  maxim  is  very  questionable;  and 
certainly  by  writers  of  the  highest  scientific  and  philosophical  au- 
thority, it  is  always  rejected.  In  truth,  the  actual  order  of  dis- 
covery is  almost  invariably  found  to  be  tlie  most  inconvenient  for 
the  systematic  exhibition  and  development  of  scientific  truth. 
The  universal  history  of  science  is  at  variance  with  this  conun- 
drum of  Mr.  Tate's. 

The  author's  delineation  of  that  creature  of  his  brain,  the 
primeval  geometer,  is  a  sufficiently  ludicrous  piece  of  seriousness : 
but  his  talk  about  "  the  vast  amount  of  facts  accumulated  inde- 
pendently of  the  formality  of  definitions,  or  the  tedious  verbiage  of  a 
rigorous  demonstration,"  really  startles  us.  It  is  more  like  the 
raving  of  an  illiterate  person  than  the  language  of  an  accom- 
plished geometer.  Neither  can  tliis  be  called  a  stray  passage  acci- 
dentally expressed  in  an  offensive  form  ;  for  the  animus  is  the 
same  throughout  the  work.  For  instance,  he  says  a  little  further 
on  (p.  vi.):  "In  the  demonstrations  contained  in  the  following 
treatise,  conciseness  and  simplicity  have  been  preferred  to  the  arti- 
ficial verbiage  of  a  technical  logic  ;"  and  he  has  created  his  prime\al 
and  philosophical  geometer,  "  witluuit  any  precise  views  relative  to 
the  origin  of  ideas,  or  the  firmnla-  <f  a  technical  logic,  [with  wliom] 
demonstration  would  consist  in  a  simple  appeal  to  common-sense,  or 
in  such  an  exposition  as  might  be  sufficient  to  carry  conviction  to  the 
mind."  This  primeval  geometer  is  created,  too,  as  the  Battersea- 
pattern  for  the  formation  of  Englishmen  of  science ;  and  Mr. 
Tate  has  falsified  Euclid's  assertion  as  respects  "  a  royal  road  to 
geometry!" 
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We  wish,  however,  to  ask  Mr.  Tate  a  question  or  two  on  these 
subjects.  What  does  he  mean  by  "common-sense"  in  connection 
with  the  acquisition  of  science  .''  We  often  hear  the  phrase  used, 
it  is  true,  by  men  who  call  themselves  "practical :"  hut  as  far  as  our 
memory  ijoes,  we  have  never  lieard  it  used  by  a  scientific  person 
in  the  way  it  is  liere  used  byMr.  Tate,  though  very  often  so  by  per- 
sons destitute  of  all  science.  In  geometry  we  can  attach  no  other 
notion  to  it  than  that  it  is  intended  to  express  the  inference  which 
we  may  draw  from  visual  evidence,  or  from  instrumental  evidence 
at  the  least — in  short,  the  evidence  of  experiment  performed  with  the 
ruler  and  compasses,  or  perhaps  with  a  somewhat  sensible  balance, 
such  as  those  made  by  Bate,  of  the  Poultry.  Be  it  so — but  do  not 
degrade  science  by  calling  this  "geometry." 

Again,  what  does  Mr.  Tate  consider  to  be  "such  an  exposition 
as  might  be  sufficient  to  carry  conviction  to  the  mind"  of  a  learner.^ 
Judicious  teachers,  we  have  often  heard,  lament  the  imbecile  facility 
with  which  conviction  is  carried  to  the  minds  of  the  most  slothful 
pupils  :  they  are  most  readily  "convinced"  by  the  bare  words  of  the 
enunciation,  provided  they  are  excused  the  trouble  of  understanding 
it,  and  still  more  readily  if  they  can  be  exciised  the  trouble  of  j)rov- 
ing  it.  Common-sense  people,  and  people  without  any  sense  at  all 
except  the  live  physical  ones,  are  alike  adroit  learners  under  these 
conditions  ;  and  it  would  seem  that  the  founders  of  the  Battersea 
Normal  School  knew  pretty  well  what  they  were  about,  when  they 
conceived  that  extraordinary  scheme.  Our  own  wonder  is,  not 
hat  Messrs.  Shuttleworth  and  Tuffnell  should  have  founded  at 
college  for  such  purposes : — it  is,  that  Mr.  Tate  should  not  only 
have  ministered  to  this  extraordinary  system  of  training  school- 
masters, but  that  he  should  have  pushed  himself  forward  into  such 
unenviable  notoriety  (for  a  scientific  man)  as  the  Coryphaeus  of  a 
conspiracy  for  the  abolition  of  pure  geometry  in  England. 

Let  not  the  import  of  our  remarks  be  misunderstood.  We  take 
no  objection,  but  directly  the  reverse,  to  the  composition  of  works 
on  practical  geometiy,  apart  from  the  demonstrations  of  the  pro- 
cesses. The  Elements  of  Euclid  were  never  intended  as  a  work 
to  serve  the  wants  of  the  artisan  or  draughtsman  in  his  operations ; 
and  it  is  very  certain,  that  infinitely  better  constructions /or  priic- 
tical purposes  of  the  few  problems  given  in  the  "Elements"  might 
be  easily  framed.  Their  proofs,  however,  must  depend  on  proper- 
ties not  laid  down  by  Euclid.  Yet  it  shows  the  paucity  of  re- 
source which  our  "  common-sense"  geometers  possess,  when  we 
remark  that  nearly  all  these  writers  follow  in  the  wake  of  Euclid  in 
the  most  servile  manner,  and  adopt  not  only  his  constructions,  but 
even  their  very  order,  and  almost  his  language.  Let  us  have  a  good 
work  on  practical  geometry  by  all  means  :  let  the  constructions 
be  accompanied  by  demonstrations  or  not,  as  may  be  deemed  ad- 
visable by  the  author  ;  but  still,  let  us  not  be  beguiled  into  a  belief 
that  our  constructions  are  true,  by  a  few  rambling,  inconclusive, 
or  utterly  irrelevant  sham-demonstrations, — alike  discredital)le  to 
him  who  offers  them  as  evidence  as  to  him  who  so  receives  them. 
Give  i)erfect  demonstrations,  or  none.  Take  water,  if  you  please, 
gentle  reader,  from  the  fountains  of  science  ;  but  do  not  pollute, 
or  allow  others  to  pollute,  the  pure  streams  with  such  adulterations 
as  those  which  we  shall  ])resently  quote  from  the  work  before  us. 

Mr.  Tate  does,  indeed,  pay  some  rather  inflated  compliments  to 
the  geometry  of  Euclid, — some  "  very  fine  writing,"  no  doul)t :  but 
the  very  form  in  which  they  are  expressed  is  obviously  intended 
for  disadvantageous  contrast  with  his  own  system  of  primeval 
geometry.  The  only  book,  in  the  author's  view,  better  than 
Euclid's  is  Tate's  !  In  our  view,  the  only  book  worse  than  Mr. 
Tate's  is  Mr.  Andrew  Bell's,  in  "  Chambers's  Educational  Course" 
— not  even  Euclid's  Elements  excepted.  After  his  eulogy  of 
Euclid,  he  proceeds  : — 

"  However,  it  must  be  conceded,  that  whatever  may  be  its  excellences 
as  a  book  of  reference  to  the  mathematician,  its  defects,  as  nn  initiatory  sys- 
tem of  (jeometry,  are  too  apparent  to  admit  of  even  an  apology.  A  great 
book  is,  in  many  respects,  a  great  evil ;  the  very  elements  constituting  its 
greatness, — its  refinement  and  comprehensiveness, — tend  to  throw  over  it  an 
air  of  mystery  and  dignity,  which  distracts  and  overawes  the  uninitiated 
student,  in  the  place  of  giving  him  that  encouragement  and  sympathy,  which 
he  certainly  requires,  in  his  first  feeble  efforts  in  the  pursuit  of  abstract 
knowledge.  The  geometry  of  Euclid  is  a  hiyhly  artificial  system,  which  can 
only  be  read,  thoroughly,  by  a  person  vho  is  already  a  mathematician,  and 
who  can  enter  into  its  metaphysical  svbtilties,  and  beautiful  yet  operose  de- 
monstrations. The  principle  of  motion  gives  a  simplicity  and  clearness  to 
many  geometrical  conceptions,  but  from  an  imagined  inconsistency  in  the 
use  of  such  a  method,  Euclid  employs  it,  neither  for  the  purpose  of  demon- 
stration nor  illustration.  The  method  of  superposition,  which,  in  reality,  lies 
at  the  very  basis  of  geometrical  demonstration,  and,  in  many  cases,  gives  a 
graphic  interest  to  an  investigation,  is  employed  in  the  fourth  proposition  Of 
his  first  book,  and  then,  as  if  ashamed  of  the  lowly  origin  of  geometry,  hg 
scarcely  uss  it  afterwards.     Many  of  his  problems  are  solved  by  methodj 


which  are  never  used  in  practice,  for  example,  when  a  given  portion  is  to  he 
cut  off  from  a  straight  line,  instead  of  supposing  the  given  portion  to  be 
simply  transferred  to,  or  placed  upon  the  straight  line,  &c.,  which  we  really 
do  in  practice,  Euclid  must  describe  circle  after  circle,  in  order  to  accomplish 
the  piohlem.  The  doctrine  of  similar  triangles  is,  unquestionably,  one  of 
the  most  important  propositions  in  the  whole  range  of  geometry,'  yet  the 
student  is  not  permitted  to  understand  this  proposition,  until  he  has  gone 
through  the  fifth  book,  which,  to  a  large  class  of  students,  must  for  ever  re- 
main a  sealed  book.  It  is  desirable  that  practical  men  should  comprehend 
the  leading  propositions  in  solid  geometry  ;  but  Euclid's  method  of  treatiny 
this  subject,  is  so  operose  and  refined,  as  to  place  it  beyond  the  reach  of  per- 
sons  whose  time  for  study  is  limited,  or  whose  mathematical  talents  are  not 
of  a  superior  order.^' 

Now  the  gist  of  all  this  appears  to  be,  that  Euclid's  Elements 
may  do  well  enough  as  a  "  book  of  reference  for  professional  mathe- 
maticians," but  that  it  is  preposterous  to  talk  of  it  as  a  book  suited 
to  educational  purposes,  either  for  the  masses,  or  for  intelligent 
persons  in  general.  It  is  represented  as  a  great  book,  remarkable 
only  for  its  metaphysical  subtilty  and  operose  demonstrations — for  its 
refinement  and  comprehensiveness — and  for  the  affectation  of  mys- 
tery and  dignity  which  overawes  and  distracts  the  student.  It  is 
hard  to  conceive  that  such  a  description  of  the  "  Elements"  could 
have  proceeded  from  any  man  who  has  read  and  understood  that 
remarkable  production. 

We  deny  in  toto,  the  statement  that  the  geometry  of  Euclid  is 
"  a  highly  artificial  system."  in  the  ordinary  sense  of  the  words, 
"  that  can  only  be  read  thoroughly  by  a  person  who  is  already  a 
mathematician."  If  the  order  in  which  truths  are  capable  of  being 
successi\ely  deduced  be  a  criterion  of  natural  order,  then  the  de- 
signation of  artificial  system  as  applied  to  the  "Elements"  becomes 
most  signally  inappropriate  ;  and  as  to  the  structure  of  the  syllo- 
gism (or  rather  entliymeme)  in  which  Euclid  delivers  his  reasoning, 
it  will  surely  bear  comparison,  even  for  real  simplicity.,  with  the 
vague,  unmeaning,  slip-shod  sentences  which  Mr.  Tate  has  substi- 
tuted in  its  place. 

Euclid,  it  seems,  was  "ashamed  of  the  lowly  origin  of  his  geo- 
metry"— viz.  the  method  of  superposition.  Mr.  Tate  considers 
that  it  "  gives  a  graphic  interest  to  an  investigation."  Now,  it 
surpasses  our  power  to  conceive  what  sort  of  interest  a  "  grajihic 
interest"  is  :  but  we  suppose  the  author  to  mean  that  the  mind  is 
interested  in  having  its  own  reasoning  functions  performed  for  it 
by  the  eye  and  hand  conjointly.  Even  then  we  cannot  understand  on 
what  ground  mere  superposition  can  be  supposed  to  give  grajihir 
results.  Did  space  allow,  we  could  easily  explain  the  cause  of 
Euclid's  sparing  use  of  the  principle,  without  suffusing  the  cheek 
or  blanching  the  lip  of  the  geometrical  patriach  with  "  shame." 

As  to  the  employment  (d'the  principle  of  motion,  we  have  simply 
to  ask,  what  advantages  Mr.  Tate  thinks  he  can  confer  upon  accu- 
rate geometrical  reasoning  by  the  introduction  of  it  into  geometry  ? 
Nay,  more,  will  lie  tell  us  how  it  would  aid  demonstration  ?  What 
organic  definition  would  he  give  of  a  straight  line .''  What  could 
he  get  from  the  organic  definition  of  the  circle,  which  is  more  or 
less  than  Euclid's  definition  ?  Can  he  ha\'e  forgotten  that  the 
cone,  sphere,  and  cylinder  are  actually  defined  by  their  geneses  ? 
Can  he  have  forgotten  that  the  favourite  method  of  superposition 
is  not  discarded  from  the  subsequent  parts  of  Euclid's  Elements, 
where  the  principle  could  be  made  to  facilitate  the  objects  aimed 
at.^  We  are  sorry  to  come  to  the  conclusion,  but  we  can  scarcely 
avoid  the  inference,  that  Mr.  Tate  has  never  "read  and  inwardly 
digested"  the  work  which  is  the  object  of  his  animadversions — and 
we  can  have  no  scruple  in  concluding  that  he  has  never  understood 
its  objects,  seized  its  import,  or  fully  comprehended  the  system  of 
philosophy  of  which  it  is  one  of  the  most  enduring  specimens. 

Mr.  Tate  says  that  "  many  of  his  [Euclid's]  problems  are  solved 
by  methods  which  are  never  used  in  practice ; '  and  he  instances  a 
single  one.  Can  he  instance  another  f  We  can  with  tolerable  con- 
fidence answer  for  him  : — that  with  this  single  exception,  there  is 
not  a  construction  given  in  the  whole  range  of  the  "  Elements,"  of  a 
problem  which  occurs  in  practical  geometry,  which  we  could  not 
point  out  as  being  copied  into  recent,  or  comparatively  recent 
works  intended  for  the  use  of  practical  men.  It  is  a  perversion  of 
the  fact,  and  an  abuse  of  the  confidence  placed  in  him  by  his 
readers,  to  make  such  unfounded  assertions.  That  better  ;jrac/!C»/ 
constructions  than  many  of  them  may  be  given,  we  have  already 
said  ;  but  that  does  not  affect  the  present  case. 

The  objection  that  the  doctrine  of  similar  triangles  is  deferred 
so  long,  simply  amounts  to  this  :  that  proportion  is  made  the  fifth 
book  instead  of  the  first — which  it  might  have  been,  and  may,  ac- 
cording to  Euclid's  treatment  of  the  subject,  be  made  to  follow  the 
third  proposition  of  the  first  book.  Would  Mr.  Tate  obtain  the 
doctrine  of  similar  triangles  without  all  consideration  of  propor- 
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tion  ?  On  referrinc:  tii  liis  own  way  of  treatinpj  Uie  suliject  (p.  IS), 
we  find  an  illon-ical  atten)])t  to  exjilain  tlie  idea  of  proportion,  and 
to  demonstrate  the  properties  of  proportionals.  It  is  at  best  illus- 
trative. If  we  must  liave  similar  trian}j;les  at  an  earlier  sta)i;e  of 
our  frcometrical  career,  it  may  be  easily  accomplished  in  a  much 
better  manner  than  this  ;  for  instance,  as  Lejfendre  has  done, — by 
assuminfT  the  doctrine  of  proportion  as  one  already  known  and  de- 
monstrated by  means  of  aljjebra.  AV'e  do  not  ourselves  recommend 
the  method  ;  hut  it  has  this  merit,  that  it  is  all  fair  and  open,  and 
does  not  conceal  the  difficulty  by  a  series  of  demonstrative  evasions, 
which  merely  delude  the  pupil  into  a  belief  that  the  doctrine  is 
proved,  when  no  real  proof^has  been  f^iven. 

In  the  last  place,  Mr.  Tate  affirms  that  "Euclid's  method  of 
treating  the  solid  geometry  is  so  operose  and  refined  as  to  place  it 
beyond  the  reach  of  persons  whose  time  is  limited,  and  whose  ma- 
thematical talents  are  not  of  a  superior  order."  It  is  known  to 
every  one  who  is  acquainted  with  the  11th  and  12th  books  of 
Euclid,  and  the  manner  in  which  they  are  used  in  this  country, 
that  the  first  twenty-four  or  five  propositions  are  as  simple  in  their 
reasoning  as  the  first  book  of  the  "  Elements  ;"  and  that  all  the  pro- 
perties of  solids  which  relate  to  volume  or  surface,  form  no  part  of 
our  systems  of  academical  reading.  Mr.  Tate  must  know  this  as 
well  as  we  do  ;  and  we  cannot  consider  it  ingenuous  to  represent 
the  difficulties  which  are  inherent  in  tlie  parts  which  are  ditirarded 
from  our  usual  systems  of  education,  as  attaching  to  those  which 
are  retained.  Let  us  look  to  Mr.  Tate's  own  work  as  regards  these 
things.  We  find  that  with  respect  to  the  line  and  plane,  he  has 
nearly  followed  Euclid's  views,  leaving  out  howe\er  some  essential, 
steps  of  i\\e  demonstrations,  and  modifying  some  others  after  Le- 
gendre.  Then,  with  respect  to  the  others,  which  have  in  modern 
times  been  turned  over  to  the  calculus  in  some  of  its  forms,  Mr. 
Tate  settles  the  question  very  summarily,  by  the  aid  of,  we  sup- 
pose, his  "  common-sense,"  or  his  "graphic  interest."  He  settles 
it,  in  short,  as  "  common-sense"  usually  does  settle  these  things,  by 
a  gross  mutilation  of  "  the  arithmetic  of  infinites."  There  is,  in- 
deed, no  novelty  in  this  :  the  only  novelty  is  in  seeing  it  done  by 
any  man  who  had  previously  acquired  the  title  of  a  mathematician 
— and  in  our  own  day  too  ! 

We  promised  a  specimen  of  Mr.  Tate's  tutorial  scheme.  Here 
it  is : — 

"  Nearly  all  the  geometrical  knowledge  contained  in  this  work  may  be 
conveyed  to  the  pupil  in  this  manner. 

Teacher.   What  is  the  hne  a  b  called  .'  a B 

Pupil.  It  is  called  a  straight  line. 

T.  Uf  the  two  straight  lines  a  b  

and  D  c,  which  is  the  greater  ? 

P.  The  line  A  B  is  the  greater. 

7'.   How  should  you  ascertain  this  with  certainty  ? 

P.   By  laying  the  line  d  c  upon  a  b. 

T.  What  sort  nf  line  is  a  f  b 

P.  It  is  a  crooked  line. 


T.  True ;  but  it  is  also  called  a  curved  line.  AA'hether  is  the  curved  line 
A  K  B  or  the  straight  line  A  B  the  shorter.' 

P.  The  straight  line  a  n. 

T.  If  you  wanted  to  go  from  Battersea  school  to  the  church,  in  what  line 
should  you  walk  ? 

P.  In  a  straight  line.  (Why  ?)  Because  a  straight  line  is  the  shortest 
distance  between  the  school  and  the  church. 

T,  What  have  you  to  say  relative  to  the  two  straight  lines       a s 

a  b  and  c  d  ?  c d 

P.  They  appear  to  be  of  the  same  length  ;  and  moreover  tliey  appear  to 
lie  even  with  each  other. 

T,  In  other  words  yon  might  say,  c  d  =  a  u  ;  and  also  c  d  h  parallel  to 
a  b.     Is  c  d  now  parallel  to  a  b  ?  a b 

P.  No;  for  c  D  would  meet  a  b  on  the  left  side.  c^ — --^-^D 

T.  On  which  side  would  tliey  now  mtet  ?  a b 

P.  On  the  right  hand  side.  c ^d 

T,  What  is  therefore  the  peculiar  property  or  definition  of  parallel  lines.' 

P.  That  if  they  he  carried  out  ever  so  far,  on  either  side,  they  will  never 
meet. 

A  surface  is  called  a  plane,  or  flat  even  surface,  when  the  line  between  any 
two  points  upon  it  is  straight.  Thus  the  surface  of  the  tahle  is  a  plane  if  a 
straight-edge  e.\actly  fits  it  when  applied  in  every  direction.  To  ascertain 
wlien  a  surface  is  a  plane,  bring  your  eye  on  a  level  with  it,  and  if  you  find 
(hat  every  point  in  the  surface  can  be  seen  at  the  same  time,  it  will  show 
that  the  surface  is  a  plane.  Our  figures  are  supposed  to  be  drawn  on 
planes." 


Such  is  the  substitute  propounded  by  Mr.  Tate  for  the  artificial 
verbiat/e  of  a  "  technical  logic,"  and  '•  the  tedious  verbiage  of  a  rigo- 
rous demonstration,"  such  as  geometers  give  us  !  It  is  very  possi- 
ble that  some  readers  may  consider  the  substitute  to  be  little  else 
than  the  vulgar  and  illiterate  verbiage,  worthy  only  of  the  scientifii: 
charlatan,  rather  than  of  Mr.  Tate  tand  the  Battersea  Training 
College. 

Were  this  book  merely  thrown  on  the  market  for  those  who  may 
wish  to  purchase  it,  our  concern  would  be  less  than  it  is  about  sucii 
a  work  :  but  we  have  heard  that  all  the  schools  in  England  which 
are  under  the  control  of  the  Govenmient  Board  of  Education,  are 
likely  to  have  it  forced  upon  them,  as  the  condition  of  their  re- 
ceiving any  part  of  the  sums  voted  by  the  House  of  Commons  in 
aid  of  those  schools.  The  dedication  of  the  work  to  Ur.  Kav 
iShuttleworth  is  ominous  ;  and  the  rumours  which  have  reached  us 
since  we  sat  dowti  to  write,  appear  in  jierfect  consistency  with  such 
a  suspicion.  Yet  we  can  scarcely  credit  the  rumour  ;  and  we  be- 
lieve that  such  an  adoption  of  it  would  create  a  degree  of  dissatis- 
faction with  that  decision  of  that  Board  amongst  scientific  men  and 
the  friends  of  real  education,  which  would  be  very  disagreeable  to 
the  Government,  and  which  might  endanger  its  possession  of  the 
patronage  which  it  is  the  policy  of  the  Government  to  e.xtend  in  all 
directions. 

Oh,  no!  despite  the  misrepresentations  and  perversions  with 
which  the  "Elements"  is  assailed,  let  us  keep  to  the  good  old 
Euclid  of  our  earlier  days — unmutilated,  and  in  his  own  venerable 
costume.  The  true  sjiirit  of  geometry  will  be  lost  in  England  as  it 
is  elsewhere,  if  Euclid  shall  cease  to  be  our  text-book  for  the 
Elements  of  Geometry. 


A  Treatise  on  Practical  Surveying,  as  particularly  applicable  to  Nein 
Zealand  and  other  Colonies,  containing  an  account  of  the  Instrument.-i 
most  useful  to  tlie  Colonial  Surveyor  and  Engineer,  iijc.  By  Arthuii 
AVhitehead,  late  Civil  Engineer  to  the  New  Zealand  Company. 
London:  Longman,  1848.     8vo.  pp.  19B,  with  plates. 

The  title  of  this  work  sufficiently  explains  its  object.  The 
author,  acquainted  by  experience  with  the  particular  difficulties 
and  exigencies  of  colonial  surveying,  has  here  recorded  a  large 
amount  of  useful  knowledge,  which  has  probably  been  acquired 
amid  many  toils  and  hardships.  To  the  English  surveyor,  accus- 
tomed to  well-cleared  country,  the  task  of  mapjiing-out  the  un- 
trodden wilds  of  New  Zealand  must  be  a  new  and  formidable  un- 
dertaking. The  greatest  difficulties  of  surveying  at  home,  sink 
into  insignificance  in  the  colonies.  Here  we  have  open  country, 
and  the  use  of  the  instruments  is  little  impeded  by  obstructions 
to  vision — there  the  thick  forest  closes  in  on  every  side,  impene- 
trable to  the  eye  and  almost  to  foot  of  man.  Here  there  are  well- 
known  way-marks  and  boundaries,  of  which  every  particular  is 
already  accurately  ascertained  and  delineated — there  everything  is 
new  and  uncertain ;  the  endless,  unvaried  scene  presents  nothing 
but  intertangled  thicket,  without  mark  or  vestige  beyond  the  rare 
and  fading  traces  of  the  hatchet  of  the  savage.  Here  we  have 
liigh-ways  and  bye-ways  for  chariots  and  horsemen — there  the 
pioneer  forces  his  way  through  a  fence  which  is  as  thick  as  it  is 
long.  Or  else  his  journey  lies  over  the  treacherous  morass.  Or 
he  must  swim  the  unbridged,  nnfordable  torrent.  Or  his  path 
mounts  up  the  steep  hill-side,  witli  some  1 10°  of  Fahrenheit,  and  J-A" 
of  angular  acclivity  against  him.  No  cheerful  hostel  for  him  where 
he  may  turn  in  to  tarry  for  the  night.  He  must  not  ask,  with 
Falstaff,  "  May  I  not  take  mine  ease  in  mine  iiiu  ?"  His  inn  is 
his  blanket.  His  kitchen  and  larder  are  the  basket  which  accom- 
panies him  at  every  steji.  To  hap  on  a  ]ilace  where  food  might  be 
obtained  by  barter,  would  be  as  surprising  to  liiiii  as  to  meet  a  po- 
liceman or  postman.  He  pioneers  without  a  road,  and  thinks  him- 
self fortunate  if  his  course  be  along  the  mazes  and  I'apids,  the 
rocks  and  shoals,  of  a  mountain  stream. 

It  requires  no  ordinary  energy  to  face  such  difficulties.  And  we 
may  congratulate  ourselves  that  the  spirit  of  our  nation  renders 
Englishmen  especially  fit  for  occupations  so  arduous.  The  mania 
for  enterprise  which  renders  the  English  tourist  the  wonder  or 
annoyance  of  the  untravelled  German  or  Italian,  is  turned  to  use- 
ful account  when  the  wilds  of  the  antipodes  are  to  be  marked  out 
and  plotted  into  farms  and  townshijis.  A\'itliout  this  spirit  there 
could  be  no  sufficient  inducement  to  begin  this  first  attack  upon 
nature.  For  these  colonial  surveyors  are  not  civilizers,  but  the 
pioneers  of  civilization.  They  lead  the  forlorn  hope.  VVlien  they 
have  made  the  breach  practicable,  others  enter  in  and  gather  the 
spoil. 

The  first  chapter  of  the  work  before  us  gives  descriptions  and 
accounts  of  the  methods  of  adjusting  the  instruments  chiefly  em- 
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ployed  in  colonial  surveying.  For  instruments  used  in  the  busli, 
portability  is  of  course  rather  more  important  than  it  would  be  on  the 
Sussex  Downs.  There  are  various  risks  from  rough  usage  to  be 
guarded  against  or  remedied  in  the  former  situation  which  are  com- 
paratively immaterial  in  the  latter;  and  on  allthese points  our  author 
gives  minute  instruction.  Chapters  11.  and  III.  detail  the  methods 
of  layingout  town  and  country  lands,  and  the  particular  objects  which 
demand  the  attention  of  the'explorer  are  carefully  explained.  Tlie 
fourth  cha))ter  (on  practical  astronomy)  does  not  from  its  nature 
admit  much  that  is  new,  but  appears  to  be  a  useful  compendium. 
There  are  two  other  chapters,  on  marine  surveying  and  colonial 
roads,  and  some  tables  of  mean  refraction,  corrections  for  the  sun's 
declination,  &c.  On  the  whole,  we  are  inclined  to  think  that  when 
the  English  surveyor  packs  up  for  the  colouies,  he  ought  to  put 
Mr.  Whitehead's  treatise  in  a  accessible  corner  of  his  portmanteau. 


IMPROVED    MODE 


OF   WORKING  EXPANSIVE  STEAM 
VALVES. 


Communicated  to  the  Mining  Journal,  by  Mr.  Thomas  Cbaddock, 
of  Birmingham. 

Fig.  1  is  an  end  elevation  ;  and  fig.  2  a  side  elevation.  In  this 
design,  one  eccentric,  which  is  shown  at  -l,  4,  4,  is  made  to  give  mo- 
tion to  both  the  steam  and  expansive  valves.     The  time  at  which  it  is 


Fig.  1. 


Fig. 


desired  to  open  and  close  the  expansive  valve,  in  relation  to  the  stroke 
of  the  piston,  will  lie  understood  from  the  following  descrijjtion  of 
the  pai'ts  : — a  a  is  the  clip  and  eccentric  rod,  which  communicates 
motion  from  the  eccentric  4,  4,  4,  to  the  expansive  valve  n,  through 
the  right  angular  lever  b  and  rf,  which  moves  upon  the  pin  c,  which 
is  attached  to  the  small  projecting  parts  ,v  «,  which  project  from 
the  lever //—the  lever  rfrf,  terminating  in  a  forked  end,  which 
takes  into  the  gi-oove  of  the  circular  ring  ee,  which  ring  is  moved 
longitudinally  by  the  action  of  the  eccentric  through  the  aforesaid 
lever  6  and  d ;  j  is  another  right-angular  lever,  which  communi- 
cates motion  to  the  expansive  valve  «,  through  the  valve-rod  n' . 
The  part  represented  at  i  i,  receives  its  support  from  the  founda- 
tion, or  other  fixed  part,  to  which  the  main  shaft  of  the  engine  is 
attached,  and  has  a  projecting  socket,  on  which  the  lever  /;  and 
ring  e  work — so  that  these  parts  have  no  direct  communication 
with  the  main  shaft.  The  ring  does  not  revolve,  but  only  partakes 
of  the  longitudinal  motion  imparted  from  the  eccentric,  and  from 
thence  through  the  levers  /  and  n',  to  the  expansive  valve.  The 
arc  of  the  part  marked  i  i,  supports  the  lever/— it  being  also  gra- 
duated, indicates  the  point  at  which  the  steam  is  cutoff;  as  it 
will  be  seen  that,  by  moving  the  lever/  the  whole  of  the  jjarts 
a  a,  b,  d,  h,  and  «  s,  are  carried  round  with  it  to  any  desired  angle  in 
relation  to  the  main  crank  of  the  engine,  whereby  the  same  thing 
is  effected  as  if  the  eccentric  4,  4,  4,  itself  were  moved  round, 
which  governs  the  time  of  opening  and  closing  the  expansive  valve. 
The  part  marked  h  h,  is  attached  to  the  lever/  and  serves  the 


purpose  of  steadying  the  eccentric  clip,  and  also  embraces  the  arc 
),  so  as  to  keep  the  lever/firmly  attached  thereto.  At  q  is  seen  a 
small  lever,  acted  upon  by  a  spring,  lia\ing  at  the  opposite  end  a 
pin,  wliich,  on  passing  through  the  lever/  and  arc  »',  holds  the 
lever/firmly  in  the  desired  position;  whereas,  on  pressing  the 
smaller  lever  with  the  hand,  the  lever/is  liberated  and  moveable: 
3,  3,  is  the  eccentric  clip,  which  is  supposed  to  work  the  steam 
valve. 


LLANDAFF  CATHEDRAL. 

The  History,  Present  Condition,  and  Projjosed  liestoration  of  Uandaff 
Cathedral.  \ii  Mr.  T.  H.  W'yatt. — (Read  at  the  Royal  Institute  of  Briusii 
Architects,  March  20.) 

Upon  the  history  of  the  cathedral,  I  shall  not  detain  you  at  any  great 
length.  The  first  Mshop  is  stated  to  have  been  Duhritius,  wlio  died  hi 
522,  on  an  island  otf  the  Caernarvonshire  coast,  and  whose  bones  were  in 
1120  translated  to  Llandaff  by  Bishop  Urban,  the  founder  of  the  present 
cathedral. 

Urban  was  consecrated  the  thirtieth  bishop  of  Llandaff  in  1108  ;  and  ti) 
him  all  concede  the  honour  of  having  tounded  the  present  cathedral.  At 
liis  first  coming,  he  found  liis  bishopric  in  a  very  poor  and  miserable  conili- 
tion, — the  cliurch  razed  almost  to  the  ground  ;  and  complaining  thereof  to 
the  King  and  the  Pope  in  1119,  he  procured  letters  and  gathered  large  sums 
together;  he  pulled  down  the  old  church,  which  was  but  28  feet  long,  Ij 
feet  broad,  and  20  feet  high  ;  and  in  1 120,  according  to  Leiand  and  Godnin, 
— or  in  1129,  as  stated  by  Dugdale, — he  commenced  the  fabric  dedicated  to 
St.  Peter  and  St.  Paul.  Bishop  Godwin  (who  wrote  in  IGOl)  desciibes  this 
building  as  "a  very  elegant  one,  300  feet  long,  80  feet  broad,  and  adorned 
at  the  west  end  with  two  stately  towers  of  great  height,  and  a  neat  chapel 
of  our  Ladye  ;  a  work  truly  magnificent,  and  to  be  remembered  with  honour 
liy  posterity."  Urban  died  in  1 133,  whilst  travelling  towards  Rome.  From 
this  period  to  the  beginning  of  the  last  century  there  is  no  further  record  of 
any  kind  that  I  can  find  relating  to  the  cathedral,  and  here  conjecture  must 
commence. 

If  Bishop  Godwin  he  correct  in  supposing  the  church  commenced  by 
Urban  to  have  been  completed  by  him  with  two  towers  and  a  Ladye  chapel, 
and  to  have  been  300  feet  long,  it  must  have  disappeared  between  the  period 
of  his  death  (1133),  and  118^0  or  1190,  which  will,  1  think,  be  conceded  as 
tlie  earliest  date  at  which  the  present  Early  English  structure  could  have 
been  commenced.  The  extreme  length  of  the  present  buihhng  is  only  2G0 
feet,  and  its  breadth  76  feet.  Of  pure  Norman  work,  such  as  we  may  be- 
lieve Urban  to  have  executed  in  the  beginning  of  the  twelfth  century,  we 
only  have  the  large  arch  between  the  presbytery  and  Ladye  chapel ;  the  re- 
maining portion  of  a  window  on  the  south  side  of  the  presbytery,  so  curiously 
stopped  up  at  a  later  period  ;  portions  of  a  Norman  string-course,  with  a 
fret  ornament,  running  round  the  walls  of  the  presbytery  (being  the  string- 
course of  the  Norman  clerestory) ;  a  variety  of  Norman  fragments  walled 
into  the  presbytery ;  and  the  two  doors  at  the  west  end  of  the  north  and 
south  aisles,  which,  though  later  in  their  detail  and  finish  than  the  large 
arch,  may  fairly  be  considered  as  of  Urban's  time,  particularly  if  he  com- 
menced at  the  east  end  and  worked  westward  toward  these  doors. 

The  size  of  the  chancel  arch,  and  the  importance  and  decoration  of  the  aisle 
doors,  clearly  prove  that  they  could  have  formed  no  portion  of  the  early  and 
insignificant  church  knocked  about  by  the  Normans,  and  eventually  demo- 
lished  by  Urban ;  for  although  the  preservation  of  doorways  and  chancel 
arches  of  Norman  churches,  rebuilt  in  the  thirteenth  and  lourteenth  cen- 
turies, is  of  frequent  occurrence,  yet  in  this  instance  1  think  they  must  have 
originated  with  Urban  and  not  have  been  removed  or  perpetuated  by  him. 

The  character  and  finish  of  the  large  arch  at  the  east  end  of  the  presbytery, 
clearly  proves  that  it  must  have  opened  into  a  chancel  or  Ladye  chapel:  and 
thus  we  may  believe  Urban  so  far  to  have  realised  Godwin's  description  as 
to  have  completed,  "  a  neat  chapel  of  our  Ladye."  And  the  existence  of 
pure  Norman  work,  so  far  westward  as  the  two  aisle  doors,  may  be  taken  as 
presumptive  evidence  that  Urban  completed  "  a  work  truly  magnificent,  and 
to  be  remembered  with  honour  by  posterity,"  even  if  his  western  towers 
were  fabulous.  Certainly  these  doorways  are  of  rich  and  beautiful  design, 
and  the  general  character  of  all  the  Norman  work  remaining  is  of  a  pure 
and  good  period,  corresponding  with  Urban's  prelacy.  What  befel  this 
Norman  church,  or  how  it  could  have  been  so  completely  destroyed  in  the 
short  period  between  Urban's  death  and  1180  or  1190,  as  to  have  rendered 
necessary  the  almost  entire  rebuilding  of  the  church  in  a  new  and  distinct 
style,  remains  a  mystery.  Here  are  no  traces  of  that  gradual  and  clearly- 
marked  transition  from  Norman  to  Early  English,  which  we  find  so  evidently 
and  so  instructively  displayed  at  Canterbury,  Norwich,  Gloucester,  St. 
David's,  and  Buildwas  Abbey.  With  the  single  exception  of  the  westera 
doorway  (in  which  the  circular  arch  is  retained,  though  the  detail  of  the 
shafts  and  mouldings  are  Early  English),  the  new  work  was  commenced  free 
from  any  taint  or  prejudice  of  a  past  style,  and  stands  forth  as  pure  and 
beautiful  an  example  of  Early  English  composition  and  detail  as  any  with 
which  I  am  acquainted.    An  able  writer  in  the  Ecclesiologist  thus  speaks 
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of  it : — "  Thp  exquisite  Early  English  work  of  Ibis  part  of  tbe  church  is 
truly  hpaulifiil;  not  llie  least  idea  is  obtained  by  the  wretched  drawing 
given  in  '  Winkle's  Cathedrals.'  To  stand  opposite  the  western  front — itself 
once  a  marvel  uf  art — and  view  through  the  now  vacant  and  ruinous  windows 
the  paganized  nave  beyond  it,  with  its  flat  pediraental  roof,  its  ridiculous 
vases  and  urns,  its  stuccoed  walls,  is  inevitably  to  feel  the  most  forcible  con- 
trast between  the  speaking  graces  of  the  Christian  and  the  burlesque  ab- 
surdities of  the  revived  pagan  style." 

Although  from  the  affinity  of  England  to  Wales,  where  our  ancestors 
sojourned,  if  not  as  absolute  conquerors,  yet  as  authorised  visitors,  we  may 
fairly  believe  architecture  to  have  been  almost  on  a  level  in  point  of  date, 
we  can  have  no  reason  for  imagining  that  the  Welch  were  some  70  or  80 
years  in  advance  of  the  English  in  the  periods  of  their  architecture,  or  that 
the  change  from  the  circular  to  the  pointed  arch,  by  us  called  "  Early  Eng- 
lish," should  more  properly  have  been  called  "  Early  Welch."  If  this  is 
allowed,  I  am  unable  to  believe  that  any  antiquary  can  assign  an  earlier  date 
than  1180  or  1190  to  the  west  front  and  nave  of  this  cathedral;  for  though 
it  is  perfectly  impossible  to  fix  with  peremptory  certainty  the  exact  date 
when  one  particular  stage  or  style  of  art  ended  and  another  commenced,  yet 
we  find  that  from  the  period  when  the  pointed  arch  first  made  its  appearance 
and  became  blended  with  the  Norman  semicircle,  years  elapsed  before  the 
newer  style  or  form  had  shaken  off  ihe  influence  of  its  predecessor. 

We  find  in  numerous  instances,  as  at  Gloucester,  Canterbury,  the  Temple 
Church,  and  St.  David's  Cathedral,  that  this  transitional  feeling  existed  in 
full  force — nay,  that  the  Norman  preponderated — although  the  portions  [ 
allude  to  are  well  known  to  date  about  the  end  of  the  twelfth  century.  You 
will,  1  think,  share  my  disbelief  in  the  theory  that  the  pure  and  pointed 
work  at  Llandatf  could  have  been  commenced  sixty  or  seventy  years  before 
the  Norman  arch  had  elsewhere  ceased  to  prevail.  In  Buildwas  Abbey, 
which  is  one  of  the  earliest  transitirm  works  I  know  (the  date  of  which  is 
stated  to  be  about  1135),  the  indication  of  Early  English  form  or  feeling  is 
very  slight.  In  the  section  of  one  of  the  bays  of  the  nave  of  St.  David's 
Cathedral,  built  in  1180,  you  find  the  only  Early  English  work  consists  of  a 
small  arcade,  between  two  series  of  clearly-defined  Norman  arches ! — cer- 
tainly not  a  very  convincing  proof  that  Early  English  work  was  in  existence 
in  the  sister  cathedral  of  South  Wales  sixty  years  before  this  work  was  com- 
menced. 

Henry  (prior  of  Abergavenny)  was  consecrated  bishop  of  Llandatf  in  1191, 
and  died  in  1218.  He  may,  with  at  least  as  much  probability  as  belongs  to 
some  antiquarian  assertions,  be  supposed,  if  not  actually  to  have  recom- 
menced the  erection  of  his  cathedral  in  the  new  style  of  his  day,  at  least  to 
have  promoted  works,  the  character  and  period  of  which  are  so  evidently 
coeval  with  his  twenty-seven  years  of  power. 

The  lower  portions  of  the  north  tower,  and  all  the  remaining  part  of  the 
south  tower,  the  nave,  and  clerestory  remaining,  are  all  of  the  same  pure 
Early  English  character.  In  the  columns  and  arches  of  the  nave  and 
choir  a  slight  variety  of  arrangement  occurs  without  deviating  from  the 
style  ;  somewhat  more  ornament  is  introduced,  and  by  the  time  they  reached 
the  Ladye  chapel,  the  gradation  of  style  becomes  apparent ;  and  with  a 
view  to  give  increased  richness  to  this  more  sacred  portion  of  the  building, 
or  from  the  more  "  decorated"  fashion  of  the  day,  when  they  arrived  thus 
far  east, vaulting  is  introduced,  mulhons  and  circles  are  executed  in  the  side 
windows,  and  in  the  easternmost  window  tracery  becomes  apparent,  until  it 
almost  assumes  the  character  of  a  "  decorated"  window.* 

In  the  two  bays  of  the  presbytery  a  fault  (as  geologists  might  term  it) 
occurs,  which  it  is  difficult  to  account  for.  These  arches  are  evidently  of  a 
later  and  more  depressed  form  than  those  in  the  nave  and  choir,  and  from 
their  form  and  detail  are  of  a  later  date  than  the  Ladye  chapel.  Whether 
this  portion  of  Urban's  work  may  have  remained  uninjured  and  undisturbed 
until  after  the  completion  of  the  Ladye  chapel,  when  they  may  have  thought 
it  necessary  to  assimilate  the  Norman  piers  and  arches  more  closely  to  their 
pointed  neighbours,  or  whether  some  injury  took  place  to  this  part  of  the 
cathedral,  which  rendered  rebuilding  necessary  at  a  later  period,  1  have  no 
means  of  determining,  but  it  is  curious  that  in  this  portion  of  the  building 
we  find  more  Norman  remains  than  elsewhere.  There  still  exists  the  Nor- 
man string-course  in  its  original  bed,  with  a  sort  of  "embattled  fret"  carved 
upon  it,  running  round  the  three  sides  of  the  presbytery  :  we  find  plinths 
and  portions  of  cylindrical  shafts,  which  may  have  formed  (as  at  Norwich) 
the  arch  between  the  choir  and  presbytery  :  there  is  the  large  Norman  arch 
over  the  screen ;  the  curious  remains  of  a  Norman  window,  so  unceremo- 
niously blocked  up  by  the  Early  English  architect  who  built  against  it ;  and 
in  the  rough  masonry  of  the  walls  of  this  part  we  find  walled-up  numerous 
fragments  of  Norman  mouldings  and  ornaments.  One  might  almost  suppose 
this  portion  of  Urban's  original  cathedral  to  have  escaped  the  early  destruc- 
tion I  attribute  to  the  rest  of  his  building,  and  to  have  been  preserved  intact 
by  the  Early  English  architects  who  rebuilt  it.  At  some  later  period,  for 
fashion's  sake,  or  from  decay,  we  can  imagine  these  arches  to  have  been  re- 
constructed or  remodelled,  leaving,  as  I  believe  they  did,  the  Norman  cleres- 
tory undisturbed.  The  string-course  even  now  remains ;  and  in  the  view 
given  of  the  north  front  by  Godwin,  in  1713  (when  it  was  almost  perfect), 
it  will  be  observed  that  a  semicircular  and  ajjparently  Nurnian  line  of  win- 
dows is  shown  in  the  clerestory  of  this  part,  as  riistiEiguished  from  the  Early 

*  There  is  good  reason  to  believe  tlint  tile  Ladye  eliapel  u-as  the  addition  of  William  de 
Breos.  tile  torty-Lhird  bishoii,  irum  12t>  »to  1:^1^7.  He  was  buried  close  to  the  ullar,  and 
his  tomb  still  remains. 


English  in  the  nave.    Of  the  history  of  this  alteration  or  portion  of  the 
work,  I  can  find  no  trace. 

The  "decorated"  altar-screen  is  stated,  in  Browne  Willis's,  and  all  the 
other  histories  of  the  cathedral,  to  have  been  erected  by  a  Bishop  Marshall, 
who  was  consecrated  in  1478;  hut  as  the  detail  is  pure  "decorated,"  it 
must  have  been  completed,  in  all  probability,  100  years  before  this  time.  I 
have  little  doubt  but  that  the  piers  and  arches  of  the  presbytery  and  this  screen 
were  erected  at  the  same  time,  or  by  the  same  architect — an  opinion  which 
is  confirmed  by  the  fact  of  the  base  moulding  on  the  south  side  being  raised 
considerably  above  the  opposite  pier  on  the  north  side,  and  corresponding 
exactly  with  the  level  of  tlie  base  of  screen  and  the  base  of  the  sedile  which 
it  immediately  adjoins.  The  decoration  and  enrichment  of  this  screen,  attri- 
buted to  Bishop  Marshall,  have,  no  doubt,  reference  to  the  painting  and 
gilding  upon  it.  "  There  are  eleven  niches  in  the  principal  level,  painted 
with  roses  and  hyacinths  interchangeably."  The  centres  of  the  roses  and 
flowers  of  the  hyacinths  are  gilt.  The  roses  are  white  (which  quite  identi. 
fies  the  decoration  with  Bishop  Marshall), — the  white  rose  being  the  device 
of  the  house  of  York,  used  for  decoration  only  in  the  reign  of  Edward  IV. 
and  Richard  111.  Bishop  Marshall  having  been  preferred  to  this  diocese  by 
Edwaid  IV.,  the  adoption  of  his  badge  was  a  natural  and  proper  compliment. 
"  Under  these  eleven  niches  is  a  row  of  eight  niches,  painted  in  fresco,  ex- 
actly like  the  former.  At  each  end  of  these  are  three  real  niches  painted 
in  the  same  manner;  within  these  are  two  little  ones,  with  a  pilaster  be- 
tween ;  the  ground-work  throughout  is  interchangeably  blue  and  red,  and 
the  ornaments  over  all  the  niches  are  gilt.  At  each  end  is  a  door  leading 
into  a  vestry."  Thus  far  I  can  confirm,  from  the  remains  of  this  screen,  the 
description  given  by  Browne  Willis.  He  then  proceeds  to  say — "  Above  the 
altar-piece  are  two  rows  of  large  niches,  in  which  formerly  there  have  been 
figures.  In  both  rows  the  middlemost  niche  is  larger  than  the  rest;  and  on 
each  side  are  two  lesser  ones.  The  two  largest  niches  probably  contained 
the  images  of  our  Lord  and  the  blessed  Virgin,  and  the  other  twelve  were 
for  the  twelve  Apostles.  Under  the  two  large  niches  are  the  ten  command- 
ments, writlen  with  gold  letters,  within  a  frame,  and  over  all  is  a  handsome 
freestone  window."  Unfortunately,  the  destruction  of  this  upper  portion  of 
the  screen  has  been  complete  (doubtless  the  work  of  puritan  or  political 
fanaticism).  Nothing  remains  above  this  line,  but  we  have  found  walled 
into  the  various  portions  of  the  structure  fragments  of  corbels,  canopies,  and 
buttresses,  which  evidently,  from  their  size  and  form  of  moulding,  belonged 
to  this  screen. 

From  the  period  when  Godwin  described  Urban's  church  to  have  been 
complete,  of  certain  dimensions,  and  a  work  truly  magnificent,"  there  is  no 
notice  of  the  cathedral  until  1719,  when  Browne  Willis,  an  antiquary  of  that 
day,  as  he  says,  "collected  together  various  records  and  matter,  and  gave 
with  his  work  certain  draughts  of  the  said  church,  in  order  to  illustrate  the 
descriptions  thereof."  These  draughts,  as  you  may  imagine,  are  not  very 
clear  in  their  distinctions  of  style,  or  in  the  best  possible  perspective,  but 
they  are  most  valuable  as  helping  the  description,  as  being  the  only  records 
we  have  of  what  the  old  cathedral  was  (before  lightning,  storms,  and  Wood 
of  Bath  played  such  havoc  with  it) ;  and,  consequently,  as  being  our  princi- 
pal guide  and  authority  in  the  restoration.  It  was  then  falling  into  a  state 
of  deplorable  decay,  though  perfect  in  its  internal  arrangements.  There 
was  a  large  building  in  front  of  the  south  Norman  doorway,  v\hich  he  calls 
the  "Consistory  Court;"  and  a  porch  opposite  the  "decorated"  south 
door.  Both  these  excrescences  have  disappeared,  and  I  should  much  doubt 
if  they  formed  any  portion  of  the  original  design. 

Soon  after  Browne  M'illis's  survey,  destruction  had  full  sway.  On  the 
20th  of  November,  1720,  the  remaining  battlements  and  pinnacles  of  the 
north  tower  (which  had  escaped  the  storm  of  1703)  were  blown  down,  and 
destroyed  a  considerable  portion  of  the  north  aisle.  On  the  6th  of  February, 
1722,  the  "  roof  and  floor  of  the  south  tower  fell  in,  and  destroyed  a  good 
deal  of  the  church."  The  complete  ruin  of  this  old  structure  must  have  fol- 
lowed very  rapidly  on  Willis's  visit;  and  in  1724  we  find  the  Archbishop  of 
Canterbury  interesting  himself  in  its  proposed  rebuilding  (I  cannot  say  re- 
storation). He  obtained  1,000/.  from  George  I.,  and,  like  our  bishop  of  the 
present  day,  tried  in  vain  to  get  anything  from  the  Prince  of  Wales.  Suffi- 
cient funds  were,  however,  eventually  raised  to  erect  the  frightful  shell 
which  now  encases  the  original  piers  and  arches. 

About  1735,  Mood  of  Bath,  commenced  the  desecration  of  this  find  old 
work,  and  of  his  own  prior  fame  :  for  most  assuredly  a  more  barbarous  or 
tasteless  grafting  of  uncongenial  modernism  upon  an  ancient  stem  was  never 
perpetrated  ;  and  never  was  the  sarcasm  of  the  historian  Whitaker  more 
justly  deserved  than  in  this  instance.  He  says — "  The  cloven  foot  will  ap- 
pear !  for  modern  architects  have  an  incurable  propensity  to  mix  their  own 
absurd  and  unauthorized  fancies  with  the  genuine  models  of  antiquity  !  They 
want  alike  taste  to  invent,  or  modesty  to  copy."  All  that  can  be  said  in 
extenuation  is  that  the  corrupt  taste  of  that  day  gave  a  fashion  to  this  work, 
the  power  of  which  Wood  may  have  been  unable  to  resist ;  I  wish  it  was  in 
evidence  that  he  had  tried  to  do  so.  That  this  fashion  approved  such  bar- 
barism may  be  inferred  from  the  accompanying  letter,  which  1  find  copied  in 
the  "  Cole's  MSS."  in  the  British  Museum.  It  is  written  by  a  Rev.  Thos. 
Davies  to  Browne  Willis,  who  appears  still  to  have  taken  much  interest  in 
the  old  wreck  : — 

"23rd  Nov.  1736. — The  church  on  the  inside,  as  far  as  'tis  ceiled  and 
plastered,  which  is  something  beyond  the  west  end  of  choir,  looks  exceeding 
fine,  and  is  a  very  stately  and  beautiful  room.  The  area  of  the  whole  church 
is  to  be  considerably  raised,  so  that  when  finished  it  will  (in  the  judgment  of 
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innst  people  who  have  seen  it)  be  a  very  neat  and  elegant  church,  unless, 
indeed,  the  altar-piece,  which  looks  like  a  huge  portico,  spoil  the  whole 
etfect." 

Mr.  Cole  illustrates  his  amusing  MS.  by  elevations  of  the  west  and  south 
fronts,  and  a  view  of  the  altar  portico,  which  it  was  feared  (and  not  without 
some  reason)  might  mar  (he  whole  etfect. 

We  find  no  traces  of  the  portico  at  the  west  end,  nor  can  I  learn  that  the 
pigeon-house  cupola  was  ever  carried  into  effect.  The  altar  was  removed 
some  few  years  ago. 

The  bishop's  throne,  the  pulpit,  and  stalls  consist  of  an  Ionic  colonnade, 
with  niches  at  the  back;  they  still  exist  in  their  pristine  propriety  and 
beauty,  and  I  can  conscientiously  recommend  them  to  any  architect  about  to 
build  assize  courts;  the  pulpit  and  throne  would  form  admirable  judge's 
seats,  and  the  stalls  a  most  dignified  row  of  seats  for  the  magistracy. 

I  do  not  imagine  that  much  was  done  to  Mr.  Wood's  structure  until  1840, 
when  the  plaster  ceiling  and  lead  over  the  nave  being  in  a  very  bad  and  un- 
weathertight  condition,  a  considerable  sum  was  expended  in  repairing  and 
making  good  as  it  then  existed. 

So  much  for  the  history  of  the  cathedral.  A  very  few  words  will  describe 
its  condition  when  the  present  restorations  were  commenced. 


REGISTBR     OP    KE'W    PATENTS. 


PRESERVING  AND  COLOURING  WOOD. 

Francois  Augustin  Renakd,  of  40,  Rue  du  Rocher,  Paris,  mer- 
chant, for  "  Improvements  in  preserving  and  colouring  wood." — 
Granted  August  19,  1847  ;  Enrolled  February  19,  1848. 

This  invention  consists  in  a  mode  of  construetino;  apparatus  in 
which  a  vacuum  can  be  produced,  after  the  same  has  been  applied 
to  one  end  of  a  log  of  wood;  so  that  a  preserving  or  colouring 
liquid,  contained  in  a  suitable  vessel  or  receptacle  at  the  other 
end,  will  be  caused,  by  atmospheric  pressure,  to  pass  thro  ugh  the 
log  in  the  longitudinal  direction  of  the  fibres. 

The  anne.ved  engraving  is  a  side  elevation  of  the  apparatus  em- 
ployed. A  is  a  metal  cylinder,  provided  with  a  top-piece  u,  from 
which  is  suspended  a  rod,  with  a  piece  of  perforated  metal  or  wire 


gauze  attached  to  its  lower  end.  c  is  a  metal  disc,  fixed  to  the 
cylinder  a,  having  an  opening  at  its  centre,  communicating  with 
the  interior  of  the  cylinder  ;  and  between  this  disc  and  tlie  end  of 
the  log  of  wood  d,  a  narrow  leather  washer  e,  is  interposed,  so  that 
there  will  be  a  small  space  left  between  the  log  and  the  disc.  The 
position  of  the  log  upon  the  frame  l,  is  to  be  adjusted  by  the  chain 
and  the  screw  g  ;  f  is  a  collar,  placed  around  the  log  of  wood,  hav- 
ing a  chain  attached  to  it,  and  by  which  the  wood  may  be  moved 
to  and  fro,  as  required,  upon  the  frame  l,  by  means  of  the  screw  g  : 
in  turning  the  screw,  by  means  of  the  lever,  the  chain  will  act  upon 
the  collar  f,  either  to  bring  the  block  nearer  or  remove  it  farther 
away,  as  may  be  required.  The  other  end  of  the  log  is  enclosed 
in  a  bag  h,  of  impermeable  material,  which  is  connected  to  the 
cock  of  a  vessel  i,  containing  the  preserving  or  colouring  liquid. 
Now  if  a  vacuum  be  produced  in  the  cylinder  a,  the  pressure  of  the 
atmosphere  upon  the  surface  of  the  liquid  in  the  vessel  i,  will  force 
it  through  the  log.  The  vacuum  may  be  obtained  by  any  con- 
venient method ;  hut  the  patentee  prefers  to  produce  it  by  dipping 
the  wire  gauze,  carried  by  the  rod  of  the  top-piece  b,  into  some  in- 
flammable matter  (such  as  alcohol),  and  introducing  it  in  an  ignited 
state  into  the  cylinder  a  ;  the  air  will  then  escape  through  the 
cock  K,  which  is  to  be  left  open  for  that  purpose,  and  is  to  be  closed 
as  soon  as  the  required  vacuum  is  obtained,  as  indicated  by  a  small 
barometer  m,  connected  by  a  tube  with  the  interior  of  the  cylinder 
A.  When  the  moisture  of  the  wood,  or  the  preserving  or  colouring 
liquid,  has  been  forced  by  the  pressure  of  the  atmosphere  into  the 
cylinder  a,  the  vacuum  will  be  destroyed,  as  wUl  be  indicated  by 
the  barometer  m  ;  the  cock  k  being  then  opened,  the  liquid  will 


run  into  a  vessel  n,  beneath ;  after  which,  a  vacuum  is  to  be  pro- 
duced in  the  cylinder  a,  as  before. 

The  passage  of  the  liquid  through  the  log  may  he  accelerated 
by  a  force-pump  or  other  suitable  means.  Although  the  log  is 
shown  in  a  horizontal  position,  yet  it  may  he  operated  upon  in  a 
similar  manner  when  in  a  vertical  position,  by  substituting  for  the 
bag  H,  and  vessel  i,  a  vessel  with  a  suitable  opening  in  the  bottom 
of  it  to  receive  the  end  of  the  log.  When  the  log  or  piece  of  wood 
is  square,  then,  instead  of  the  bag  h,  and  vessel  i,  a  trough  is  used 
to  contain  the  preserving  or  colouring  liquid,  and  the  whole  of  the 
log  is  immersed  therein,  excepting  the  end  to  which  tlie  metal  disc 
is  applied. 


REFINING  SILVER  AND  LEAD. 

Arthur  Harry  Johnson,  of  Gresham  street,  City,  assayer,  for 
"  Improvements  in  refining  silver  and  lead,  by  effecting  a  saving  in  one 
of  the  materials  used." — Granted  September  23,  1847  ;  Enrolled 
March  23,  1848. 

The  improvements  consist  in  restoring  after  use,  and  rendering 
again  available,  the  phosphate  of  lime  or  bone-ash,  whereof  the 
cupel  or  test  used  by  refiners  of  silver  lead  is  composed,  and  in  the 
process  saturated  with  lead,  and  a  portion  of  silver.  For  extract- 
ing this  lead  and  siher,  the  course  usually  ado]>ted  is  to  return  the 
used  cupel  to  the  furnace,  by  which  means  the  whole  of  the  satu- 
rated bone-ash  is  destroyed  ;  while  portions  of  the  lead  and  silver, 
combining  with  the  phosphoric  acid  of  the  bone,  pass  off,  and  are 
lost.  By  the  improved  method,  little  or  no  waste  occurs  of  either 
the  bone-ash,  silver,  or  lead. 

To  carry  out  the  invention,  a  solvent  of  the  oxide  of  lead  is  used 
in  the  following  manner  : — First  reduce  the  used  cupel  to  a  fine 
powder  ;  then  add  a  sufficient  quantity  of  pyroligneous  or  acetic 
acid,  varying  from  1-009  to  1-048  specific  gravity,  according  to  the 
per-centage  of  lead  contained,  to  render  it  of  a  thin  consistence, 
that  it  may  be  thoroughly  stirred  in  a  dolly-tub,  or  some  such  con- 
venient machine,  or  by  allowing  the  acid  to  percolate  through  the 
powdered  test.  After  allowing  the  powdered  cupel  and  acid  to 
remain  together  for  two  days  (during  whicli  time  occasionally  stir 
them  well  together),  the  bulk  of  the  lead  becomes  dissolved.  The 
mixture  is  next  put  into  cloth  or  fiannel  filters,  or  other  percola- 
tors, to  allow  the  lead  solution  to  drain  off ;  this  done,  remove  the 
remaining  soluble  salt  of  lead,  by  washing  it  with  water  and  by  the 
application  of  pressure,  previous  to  drying  the  resulting  bone-ash. 

After  the  above  process,  the  silver,  and  some  lead,  still  remain 
in  the  bone-ash,  though  not  sufficient  lead  to  materially  interfere 
with  its  absorbent  powers,  on  again  using,  provided  it  has  been 
properly  freed  from  the  lead  solution.  If,  however,  it  be  wislied 
to  extract  the  lead  more  perfectly,  add  a  second  portion  of  the 
acid  to  the  filtered  or  drained  bone-ash,  and  again  thoroughly  stir 
it  in  tliis  second  acid — tlie  washing  and  pressing,  as  before  described, 
following  this  second  operation.  To  bring  the  lead,  contained  in 
the  solution,  into  a  marketable  form,  after  due  saturation,  either 
simply  evaporate  it  in  proper  pans  to  make  sugar  of  lead,  or  by 
means  of  the  several  re-agents  commonly  employed,  form  respec- 
tively the  carbonate,  the  sulphate,  the  sulphuret,  or  other  com- 
pounds of  lead  that  may  be  desired. 

Instead  of  pjToligneous  acid,  a  solution  of  caustic  potash  may  be 
used,  or  soda,  containing  about  20  per  cent,  of  the  pure  alkali ; 
but  this  has  not  been  found  so  useful  in  practice. 


GAS  STOVE. 

William  Brockedon,  of  Devonshire-street,  Queen-square,  Mid- 
dlesex, for  "  Improvements  in  heating  rooms  or  apartments." — Granted 
September  9,  1847  ;  Enrolled  March  9,  1848. 

This  invention  relates  to  heating  rooms  with  gas.  It  consists 
in  so  constructing  stoves  or  fire-places  which  are  open  in  front 
that  gas  may  be  burned  therein,  and  the  decomposed  air  and  pro- 
ducts of  combustion  pass  into  chimneys,  as  fioni  open  fire-places 
or  stoves  when  burning  coal.  The  stove  or  fire-place  may  be  con- 
structed as  nearly  as  may  be  like  those  now  used  with  open  fire- 
bars, and  may  have  a  bottom  grate  similar  to  what  are  used  for 
burning  coal,  and  they  may  be  made  to  fit  the  fire-places  as  at  pre- 
sent constructed,  or  the  stoves  and  fire-places  may  be  greatly 
varied  in  design,  so  long  as  the  stoves  or  fire-places  are  capable  of 
consuming  gas  in  an  open  fire-place  communicating  with  a  chimney 
or  flue. 

In  order  to  give  a  gas  stove  constructed  according  to  this  inven- 
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t ion,  as  miirli  as  possible  the  eliaracter  of  tlie  present  open  fire- 
])la(;es  used  for  consuming  coal,  tliey  are  to  be  made  with  a  front 
jiratinjj  or  bars,  afjainst  which  is  to  be  placed  lum]»s  of  pumice- 
stone  or  other  substances  which  will  allow  of  beinf^  heated  by  the 
flame  of  pas  and  yet  not  consume.  The  front  bars  should  be  made 
nearer  to  the  back  of  the  stove  than  when  for  bvirninj;  coal,  and  so 
that  there  shall  be  but  small  space  between  the  back  of  the  stove 
and  the  front  bars  ;  or  such  substances  may  be  placed  in  a  wire  or 
other  frame  suspended  near  to  or  amidst  the  flames  of  gas  where 
the  form  of  the  stove  or  flre-place  is  not  otherwise  adapted  to  re- 
ceive such  substances ;  and  in  some  cases  the  front  bars  of  the 
stove  or  grate  are  made  hollow,  so  as  to  allow  gas  to  pass  from  a 
supply-pi])e  into  them,  and  thence  to  pass  out  through  perforations 
so  as  to  produce  numerous  small  flames  which  may  be  partly  in- 
ward towards  the  pumice-stone,  so  as  to  heat  the  same,  and  other 
flames  may  be  outwards  through  between  the  front  bars  of  the 
sto\-e  or  grate,  and  the  front  bars  in  place  of  being  simply  across 
the  fire-place  may  be  made  into  any  fanciful  form,  such  as  basket 
work  or  otherwise,  to  hold  the  pumice-stone,  or  other  substances. 
Or  in  place  of  having  the  front  bars  or  open  grating  hollow  and 
perforated  to  produce  numerous  jets  of  gas,  the  jets  of  gas  may  be 
wholly  or  partially  from  the  bottom  or  the  back  or  sides  of  the 
open  tire-jilace  or  stove.  And  it  should  be  understood  that  it  is 
essential  to  this  invention  that  the  apparatus  should  be  open 
to  view,  and  also  be  open  to  a  chimney  or  flue,  so  that  the 
gas  in  burning  may  give  heat  to  the  room  or  apartment  without 
the  decomposed  air  and  produc^ts  of  combustion  caused  thereby 
coming  into  the  room  or  apartment,  and  at  the  backs  and  sides  of 
sucli  stoves  or  fire-places,  bright  steel,  glass,  china,  or  other  re- 
flectors, may,  with  advantage,  be  placed.  It  is  not  essential  to  this 
invention  that  the  open  gas  fire-place  should  have  a  receptable  for 
the  pumice-stone  or  incombustible  substances,  as  the  same  may  be 
dispensed  with,  but  it  is  preferred  to  have  an  arrangement  for  re- 
ceiving such  substances,  as  thereby  the  cheerful  character  of  the 
idd  English  fireside  is  retained.  And  the  inventor  believes  that 
the  most  elegant  result  may  be  obtained  by  using  jets  of  gas  from 
front  bars  or  grates  combined  with  jets  of  gas  from  bars  or  appa- 
ratus at  bottom,  so  arranged  that  air  may  (as  is  now  the  case  when 
burning  coal)  pass  up  between  the  bottom,  the  lower  bars  in  such 
case  supporting  the  pumice-stone  or  other  substance,  for  by  such 
means,  by  a  comparative  small  consumption  of  gas,  the  appearance 
of  a  large  flaming  fire  may  be  produced. 


JENNINGS'S  PATENT  INDIA-RUBBER  TUBE  COCKS. 

This  improved  cock  is  made  by  placing  a  flexible  india-rubber 
tube  of  any  required  size  within  one  of  metal,  as  shown  in  fig.  1  ; 
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Fig.  1. 


and  then  by  mechanical  means  to  flatten  the  flexible  tube,  as  shown 
in  fig.  2. 

The  advantages  which  the  patentee  states  this  cock  possesses 
over  any  at  present  in  use  are — 1st.  The  ease  with  which  it  can  be 
at  all  times  opened  or  shut,  and  the  means  used  for  that  purpose 
being  so  simple,  it  cannot  be  set  fast  by  corrosion  or  become  in- 
jured by  frei|uent  use.  'ind.  When  open  it  is  part  of  the  main  or 
pipe,  as  shown  in  fig.  1,  and  presents  the  same  uninterrupted  pas- 


sage as  the  pipe  itself,  and  as  the  means  used  for  closing  or  stop- 
ping the  circulation  have  no  communication  with  the  gas  or  water 
passage,  leakage  is  impossible.  3rd.  It  will  be  seen  by  fig.  2,  if  the 
vulcanised  india-rubber  tube  be  properly  flattened  the  cock  must  be 
sound.     4th.  These  cocks  are  capable  of  standing  any  pressure,  as 


Fig.  2. 

the  elastic  material  of  which  the  cock  is  composed  never  can  be- 
come injured  by  pressure,  as  long  as  the  metallic  casing  which  sur- 
rounds the  fie.xible  tube  remains  perfect. 


SEPARATING  IRON  FROM  ORE. 

Arthur  Wall,  of  India-row,   East  India-road,   Middlesex,  for 

"■  a  new  or  improved  apjmratiix  far  a  method  of  separating  oxides  from 
their  compounds  and  each  other." — Granted  October  li,  1847 ;  En- 
rolled April  14,  1848. 

The  apparatus  is  for  separating  ircm  from  the  ores  of  copper,  &c., 
and  consists  of  two  hexagonal  drums  with  an  endless  chain  pass- 
ing over  them,  made  by  connecting  with  links  a  number  of  horse- 
shoe magnets  ;  on  the  extremities  of  each  of  the  magnets  a  number 
of  steel  blades  are  so  fixed  as  to  stand  out  at  right  angles  to  the 
magnets.  These  drums  are  made  to  revolve  over  a  trough  in  such 
a  position  that  while  the  chain  of  magnets  passes  immediately 
above  the  trough  the  steel  blades  reach  nearly  to  the  bottom ;  the 
bottom  of  the  trough  being  inclined  at  each  end,  so  as  to  corre- 
spond with  the  direction  of  the  blades.  The  ore  (previously 
roasted  and  ground)  being  introduced  at  one  end  of  this  trough 
the  blades,  as  they  pass  through  it,  will  take  up  all  the  iron  con- 
tained in  it  and  carry  it  to  the  other  end  ;  and,  indeed,  would 
bring  it  all  back  again  in  the  next  revolution  but  for  the  following 
arrangement.  Opposite  the  point  where  the  blades  emerge  from 
the  trough,  a  set  of  magnets  are  fixed  to  a  frame  with  their  poles 
in  the  reverse  order  to  those  forming  the  chain,  so  that  when  the 
steel  blades  come  oi>posite  these  fixed  magnets,  their  magnetism 
is  neutralised,  and  the  iron  which  they  had  collected  in  the  trough 
falls  off,  and  is  collected  in  another  trough  placed  beneath  to  re- 
ceive it.  The  patentee  does  not  confine  himself  to  the  permanent 
magnets,  but  he  claims  also  the  use  of  electro-magnets,  though  he 
prefers  to  use  the  former  as  being  more  convenient. 


Plate-Glass. — Patented  October  7,  1847,  by  James  Hartley, 
of  Sunderland.  The  improvements  relate  to  the  manufacture  of 
rough  plate-glass  inmiediately  prior  to  the  pouring  of  the  melted 
glass  or  metal  upon  the  table,  and  rolling. — Instead  of  lading  the 
melted  metal  into  a  separate  cistern  as  usual,  the  patentee  lades  it 
direct  from  the  melting-pot  to  the  pouring-table,  where  it  is  im- 
mediately poured  aiul  rolled.  The  patentee  employs,  for  the  pur- 
pose of  lading  the  melted  metal,  should  the  (piantity  required  be 
large,  two  or  more  ladles  ;  and  he  states,  it  is  not  absolutely  neces- 
sary that  the  whole  should  be  poured  at  the  same  moment  upon 
the  table  ;  but  the  second  ladle  may  commence  to  be  poured  at 
nearly  the  termination  of  the  pouring  of  the  first  ladle.  After  the 
manufacture  of  the  rough  plates,  they  are  to  be  piled  and  annealed 
in  the  same  kind  of  furnace  and  in  the  same  manner  as  crown  or 
sheet  glass,  thus  dispensing  with  the  more  expensive  annealing 
furnaces  employed  for  plate-glass. 
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PORCELAIN  KILN. 

Alfred  Vincent  Newton,  of  the  Oifice  for  Patents,  66,  Clian- 
cery-lane,  Middlesex,  mechanical  draughtsman,  for  "  an  invention 
of  an  improved  kiln  (ir  oven,  for  firing  porcelain  and  other  similar  ware." 
(A  communication.) — Granted  July  29,  1847  ;  Enrolled  January 
29,  1848.     [Reported  in  Newton's  London  Journal.'] 

The  inventor,  in  order  to  explain  more  fully  the  nature  of  his 
improvements,  has  prefaced  his  specification  with  the  following  ob- 
servations, explanatory  of  the  ordinary  mode  of  firing  or  baking 
hard  porcelain,  and  the  difficulties  and  objections  incident  thereto. 

The  employment  of  pit-coal  as  a  fuel  for  firing  or  baking  hard 
porcelain  has  hitherto  been  thought  impossible,  or  at  least  subject 
to  almost  insuperable  difficulties.  It  was  thought  that  the  hard- 
ness and  infusibility  of  the  clay  (kaolin),  and  the  liigh  degree  of 
heat  necessary  to  fuse  or  melt  the  glaze  whicli  is  employed  to  cover 
hard  porcelain,  were  insurmountable  obstacles.  A  long  and  suffi- 
ciently large  or  extensive  flame  to  occupy  the  whole  space  of  the 
oven  or  kiln  is  indispensable  for  this  kind  of  manufacture ;  and 
the  liability  of  the  matters  composing  the  hard  porcelain  to  become 
discoloured,  rendered  this  superabundance  of  flame  the  more  ne- 
cessary, in  order  that  no  smoke  might  be  allowed  to  remain  in  the 
kiln  or  oven.  It  is  requisite,  therefore,  to  cause  pit-coal  to  develope 
such  an  amount  of  flame  as  would  have  the  same  effect,  and  would 
act  within  a  given  time  in  the  same  manner  as  wood. 

The  matters  of  which  hard  porcelain  is  composed,  are  divided 
into  two  classes, — first,  the  paste  or  clay,  which  is  a  principal  ele- 
ment ;  and  second,  the  glazing  or  enamelled  covering.  The  paste 
or  clay  consists  essentially  of  two  elements  ;  the  one  is  an  infusible 
argillaceous  matter, — this  is  kaolin,  either  alone  or  mixed  with 
plastic  clay,  or  with  magnesite, — the  other,  arid  and  infusible,  is 
given  by  felspar  or  other  stony  minerals,  such  as  siliceous  sand, 
chalk,  or  gypsum,  either  separately  or  mixed  together  in  difl^erent 
combinations.  The  enamel  or  glaze  consists  of  quartzoze  felspar, 
sometimes  alone  and  sometimes  in  combination  with  gypsum,  but 
always  without  either  lead  or  tin.  Hard  porcelain  must,  in  fact, 
be  considered  as  hard  compact  impermeable  pottery-ware,  whicli  is 
essentially  translucid,  and  ought  not  to  be  confounded  either  with 
stone- ware,  delph-ware,  pipe-clay,  or  even  with  the  ordinary  tender 
English  porcelain.  The  kilns  or  ovens  for  firing  or  baking  hard 
porcelain  are  generally  cylindrical,  and  divided  into  two  chambers 
or  laboratories,  one  placed  above  the  other.  The  upper  laboratory 
is  supplied  with  heat  from  the  flame  of  the  lower  laboratory,  and 
serves  to  warm  or  heat  the  articles,  which,  when  taken  from  thence, 
are  dipped  into  the  glazing  composition,  and  afterwards  exposed 
to  the  great  heat  in  the  lower  laboratory,  which  may  be  properly 
said  to  constitute  the  kiln.  The  fusion  of  the  glaze  or  enamel,  as 
is  above  said,  requires  a  very  high  temperature  ;  and  it  is  in  the 
laboratory  where  this  operation  is  carried  on  that  the  temperature 
is  raised  to  the  highest  degree.  In  botli  these  laboratories  the 
articles  must  be  inclosed  in  fire-clay  vessels  or  seggars,  which 
should  he  carefully  closed,  in  order  to  prevent  the  admission  of 
deleterious  matters.  The  necessary  amount  of  flame  and  heat  may 
be  obtained  by  increasing  the  number  of  fire-grates  and  openings 
for  the  flame  :  thus  a  kiln  or  oven,  six  yards  in  diameter,  which, 
when  heated  with  wood,  requires  six  openings,  must  have  ten  when 
pit-coal  is  employed.  A  kiln  or  oven,  five  yards  in  diameter,  ^^•ould 
require  only  five  fire-grates  for  wood,  but  must  be  furnished  with 
eight  for  coal.  A  kiln  or  oven,  four  yards  in  diameter,  heated  by 
wood,  would  require  four  fire-grates  and  apertures  for  wood,  but 
must  have  six  for  coal.  In  order  to  make  the  flame  sufficiently 
long  and  abundant  for  the  requirements  of  the  manufacture,  the 
combustion  ought  to  be  supplied  with  a  double  draft,  or  additional 
currents  of  air.  Thus,  besides  the  supply  furnished  between  the 
fire-bars  from  the  surrounding  atmosphere  in  the  workshop,  air 
obtained  from  outside  is  conducted  by  horizontal  channels  to  the 
fire  :  that  is  to  say,  besides  the  ordinary  supply  of  air,  an  additional 
quantity,  obtained  from  the  external  atmosphere,  is  made  to  act 
with  energy  on  the  fires  in  the  grates.  By  this  means,  the  kiln  is 
supplied  with  a  very  large  and  superabundant  supply  of  air,  which 
furnishes  the  fuel  with  a  much  greater  quantity  of  gas  to  decom- 
pose. 

The  engravings  represent  a  kiln  or  oven,  constructed  according  to 
the  present  improvements ;  and  it  should  be  observed,  that  it  is 
always  easy  to  obtain  the  necessary  quantity  of  air,  by  taking  it 
from  the  atmosphere  of  the  workshop,  either  by  having  an  aperture 
or  grating  at  the  end  of  the  ash-pit,  or  by  making  openings  below 
the  fire-bars  in  the  two  side  walls  of  the  furnace. 

The  improved  system  of  firing  or  baking  may  be  applied  to  all 
kilns,  whatever  may  be  their  form  or  dimensions ;  and,  by  means 
of  a  double  roof  in  the  upper  laboratory,  hard  and  tender  porcelain 


may  he  fired  in  the  same  kiln  simultaneously  :  that  is  to  say,  hard 
porcelain  may  be  baked  or  fired  in  the  lower  laboratory,  at  the 
same  time  tliat  tender  porcelain  or  common  earthenware  is  being 
fired  in  the  upper  laboratory.  In  manufactories  where  at  present 
the  baking  of  biscuit-ware  and  glazed  ware  is  carried  on  in  separate 
kilns,  it  will  be  evident  that  these  kilns  may,  by  the  application  of 
a  double  roof,  be  more  advantageously  employed  in  tlie  following 
manner: — In  the  biscuit  kiln,  heretofore  employed,  delph,  or 
earthenware,  or  unglazed  tender  porcelain,  may  be  operated  upon 
in  the  lower  laboratory,  while  hard  porcelain  may  be  dried  and 
heated  in  the  upper  laboratory;  and  in  the  other'kiln,  formerly 
used  for  glazing,  the  hard  porcelain  should,  on  the  contrary,  be 
placed  in  the  lower  laboratory,  to  be  baked  or  fired ;  and  glazed 
delpb,  or  eartlienware,  or  tender  porcelain,  may  be  operated  upon 
in  the  upper  laboratory, — the  heat  in  which  vvill  be  found  sufficient 
for  this  kind  of  ware. 

The  kilns  being  furnished  with  the  required  quantity  of  fire- 
places, the  combustion  must  he  kept  up,  by  supplying  an  excess  or 
superabundance  of  air,  obtained  either  from  the  external  atmo- 
s))here  or  from  the  workshop,  and  supplied  in  some  convenient  and 
suitable  manner,  depending  of  course  upon  the  situation  of  the 
kilns,  their  peculiar  construction,  and  other  circumstances.  The 
tire  should  he  gradually  supplied  with  fuel,  at  first  at  long  inter- 
vals, then  at  short  intervals.  The  state  of  the  fire-place  should  be 
looked  to  carefully,  for  it  is  the  rapidity  of  the  combustion  of  the 
coal  which  indicates  the  quantity  of  fuel  that  is  required,  and  the 
moment  when  the  charges  are  to  he  thrown  on  quickly.  The  fire- 
places must  be  well  watched,  for  the  purpose  of  levelling  the  fuel, 
so  that  the  fire-bars  may  be  suitably  and  evenly  covered,  and  that 
air  to  support  combustion  may  always  find  a  proper  passage.  It  is 
also  necessary  to  rake  the  fire  frequently,  in  order  to  clear  out  the 
cinders,  and  to  prevent  the  fire-bars  from  getting  foul,  and  to  re- 
move clinkers  therefrom,  wliich  would  otherwise  stop  or  diminish 
the  combustion.  Holes  through  the  mass  of  fuel  should  never  he 
allowed  to  exist,  and  the  flame  should  always  he  well  watched  ; 
and  the  baking  or  firing  operation  always  be  carried  on  with  a  long 
flame.  All  these  precautions  are  necessary,  in  order  to  obtain  very 
pure  and  white  porcelain,  as  the  defects  of  the  firing  operation 
arise  most  frequently  from  the  vvant  of  a  proper  flame. 

Fig.  1  represents  a  transverse  vertical  section,  taken  through 
the  centre  of  a  kiln  of  the  improved  construction  ;  and  fig.  2  is  a 


Fig.  1.— Section.  Fig.  2.— Plan 

horizontal  section  or  plan  of  the  same,  a  is  the  outer  chimney  or 
flue  of  the  upper  second  laboratory;  b  is  an  upper  chamber,  which 
may  he  used  for  drying  or  heating  ;  p  is  a  roof  (shown  by  dotted 
lines),  which  will  be  required  if  it  is  intended  to  hake  or  fire  both 
tender  and  hard  porcelain  in  the  same  kiln ;  d  is  the  flue  of  the 
lower  chamber  or  laboratory  ;  e  e  are  passages  or  openings,  of  wh  ich 
there  are  the  same  number  as  there  are  fire-places  in  each  kiln ; 
these  passages  should  be  placed  between  the  fire-places,  and  open 
a  communication  from  the  lower  to  the  upper  laboratory,  //is 
the  lower  laboratory,  where  the  principal  firing  or  baking  operation 
is  carried  on ;  g  g  g.,  are  the  fire-places ;  and  h  h  h,  openings,  to 
allow  the  flame  to  pass  therefrom  into  the  interior  of  the  kiln,  i  i, 
are  the  fire-bars;  j j,  the  fire-doors;  fr,  the  ash-pit;  and  //,  pas- 
sages communicating  with  the  ash-pit  from  the  external  atmo- 
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sphere,  to  supply  air  to  the  fire :  this  ohject  may,  however,  he 
effo<'tP(l  hy  making  an  ajierture  in  the  front  wall  of  the  fire-place, 
iiniiiodiately  bi-hiw  the  fire-lmx  anil  f,'Tate-l)ars.  71  n,  is  the  floor  or 
hearth  of  the  kiln,  o  </,  are  holes,  covered  up  in  any  suitable  man- 
ner, liut  conunuMicatiiiir  witli  the  asli-pit,  and  intended  to  allow  of 
tlie  scoria,  cinders,  and  clinkers  heini^  removed.  ;) ;),  in  fiff.  2, 
sliow  another  manner  of  supplying  air  to  the  fire-places,  by  making 
openings  in  the  side  walls  of  the  same.  7  represents  another  mode, 
bv  which  air  is  supplied  from  the  atmos|)liere  of  tlie  worksliop 
tlirough  a  grating  comnuinicating  with  tlie  ash-pit.  The  inventor 
remarks  tliat,  whatever  may  be  the  mode  adopted  for  su])plying 
the  air  to  tlie  fire,  the  same  plan  should  be  invariably  adopted  in 
all  the  fire-places  of  the  same  kiln. 

The  patentee,  in  conclusion,  states  that  he  is  aware  of  coal  hav- 
ing been  used  for  heating  the  kilns  in  which  common  earthen  or 
delph-ware,  and  even  tender  Knglish  i)orcelain  is  commonly  baked 
or  fired, — he  does  not,  therefore,  intend  to  claim  the  employment 
of  ])it-coal  for  such  purposes  as  constituting  |)art  of  the  present 
improvements  ;  but  he  claims.  First, — the  apjilication  of  coal  for 
heatinirthe  kilns  or  ovens  in  which  liard  porcelain  is  submitted  to 
the  baking  or  firing  operation  ;  and,  Secoinlly, — the  arrangement 
or  construction  of  kilns  or  ovens,  as  lierein  shown  and  described, 
or  any  mere  modification  thereof,  whereby  pit-coal  may  be  employed 
as  the  fuel  for  heating  such  kilns  or  ovens  for  firing  or  baking  hard 
porcelain,  in  the  place  of  wood,  which  has  heretofore  been  employed 
for  that  purpose. 


ON  GEOLOGICAL  CHEMISTRY. 

A  lecture  on  "  Tlie  Application  of  Chemiral  Principles  to  the  Science 
nf  Geology"  By  Pi-ofessor  D.^ubeny. — (Delivered  at  the  Royal 
Institution,  Albemarle-street,  March  24tli.) 

The  Professor  commenced  his  lecture  with  some  preliminary  ob- 
servations, in  which  he  said,  he  had  for  the  last  twelve  months  de- 
voted liis  leisure  to  the  accumulation  and  study  of  facts  in  relation 
to  volcanic  forces ;  and  having,  in  this  pursuit,  travelled  a  good 
deal  along  the  great  boundary  line  dividing  the  two  kingdoms  of 
geology  and  chemistry,  he  had  obtained  glimpses  of  truths,  which 
neither  the  pure  chemist,  nor  the  pure  geologist  might  have  had 
the  same  opportunities  of  observing — the  result  being,  his  entire 
acquiesence  in  the  opinions  of  some  of  the  greatest  authorities  of 
the  present  day,  that  geological  inquiries  ought,  in  future,  to  take 
more  exclusively  a  chemical  direction.  The  learned  professor 
then  proceeded  to  allude  to  a  subject  of  geological  inquiry,  which 
seemed  to  him  above  all  others  to  demand  the  assistance  of  the 
chemist— namely,  the  metamorphic  action  which  had  taken  place 
between  certain  contiguous  but  dissimilar  rocks — the  one  of  erup- 
tive, the  other  of  sedimentary  origin.  A  large  amount  of  infor- 
mation had  been  collected  by  geologists,  in  respect  to  different 
kinds  of  metamorphic  action,  and  their  effects ;  but  as  to  the  man- 
ner in  which  these  effects  were  produced,  they  would  look  in  vain, 
unless  the  chemist  also  were  apjiealed  to.  One  thing  appeared  to 
be  established — namely,  that  the  production  of  mineral  veins  was 
connected  with  the  intrusion  of  plutonic  rocks,  and  with  the 
changes  brought  about  by  them  in  the  contigiuuis  strata. 

Few  metallic  deposits  occurred  iu  the  secondary  formations,  and 
even  these  only  wlien  there  was  dislocation  w  metamorphic  action 
in  their  neighbourhood  ;  while,  on  the  other  hand,  metallic  veins 
were  never  found  in  modern  lavas,  or  in  volcanic  products  that  had 
been  erupted  in  the  open  air,  though  several  geologists  had  brought 
forward  facts  to  prove  a  connection  between  metallic  matter  and 
basaltic  or  trappean  dykes.  There  were  various  theories  to  ac- 
count for  the  formation  of  mineral  veins— the  first  supposed  them 
to  l)e  the  result  of  infiltration,  the  water  wliich  percolated  the 
substance  of  the  contiguous  rocks  carrying  with  it  the  several 
mineral  matters  they  contained,  and  afterwards  depositing  them 
upon  tlie  walls  of  fissures  caused  by  the  contraction  of  the  sur- 
rounding parts  ;  the  second  supposed  the  materials  of  the  vein  to 
liave  been  held  in  solution  by  water,  but  deposited  in  an  insoluble 
form,  owing  to  slow-  electro-chemical  action  ;  the  third  hypothesis 
assumed,  that  the  contents  of  the  vein,  being  separated  from  the 
other  materials  hy  sublimation,  found  tlieir  way  into  fissures, 
e.xisting  either  in  other  parts  of  it,  or  in  the  contiguous  forma- 
tions. No  doubt  many  facts  might  be  alleged  in  favour  of  each 
hypothesis.  In  the  fii'st  place,  granting  that  a  given  rock  con- 
tained, disseminated  through  it,  any  quantity  of  an  oxidisable 
metal,  such  as  inui,  copper,  lead,  or  tin,  and  that  tliese  were  al- 
ready in  combination  with  sulphur,  the  action  of  water  and  air,  by 


generating  sulphuric  acid,  would  gradually  give  rise  to  soluble 
sulphates,  whiidi  miglit  find  their  way  into  the  contiguous  fissures, 
where,  owing  to  certain  electrical  or  chemical  reactions,  tlie  metals 
would  be  deposited  in  an  insoluble  form.  Decomposition  could  be 
brought  about  by  weak  electrical  currents ;  and  thus  the  second 
hypothesis  might  be  broim;ht  in  to  explain  what  was  left  unac- 
counted for  by  the  first.  Hut  both  presupposed  the  existence  of 
metallic  matter  in  the  rock  from  which  the  veinstone  was  derived, 
for  it  was  evident  that  these  several  metals  could  not  be  present, 
in  the  requisite  quantity,  in  strata  deposited  from  water,  or  all 
our  mineral  springs  would  contain  traces  of  them,  just  as  they  did 
of  the  silica  and  otlier  substances  supplied  by  the  rock  through 
which  they  had  been  percolated.  He  could  not,  tlierefore,  help 
supposing,  that  tlie  mineral  matters,  which  had  been  confined  to 
the  neighbourhood  of  iilutonic  rocks,  wei-e,  in  the  first  instance, 
derived  hy  igneous  agency,  which  constituted  the  machinery  by 
means  of  which  the  more  uncommon  metals  were  brought  origi- 
nally from  the  depths  to  the  surface  of  the  earth.  It  was  re- 
markable, however,  that  they  were  not  confined  to  the  intrusive 
rock  itself,  but,  in  many  instances,  were  in  the  metamorphic  strata 
contiguous.  There  was,  also,  evidently  a  connection  between  the 
metallic  matter  in  the  vein  and  the  character  of  the  enveloping 
rock,  seemingly  showing,  that  the  ingredients  of  the  former  were 
not  sublimed  directly  from  the  interior  of  the  globe,  but  had  been 
introduced  from  the  formation  in  contact  witli  the  vein.  Thus 
Fournet  had  stated,  that  at  Andreasburg,  in  the  Hartz,  the  veins 
became  poorer  in  metal  when  they  passed  from  the  cla}'-slate  for- 
mation into  the  flinty-slate;  and  Voltz  mentioned  a  vein  in  the 
Vosges  which,  in  traversing  successively  different  varieties  of 
gneiss,  had  its  contents  modified  iu  each.  Thus,  in  the  first  va- 
riety, which  was  charged  with  mica,  the  vein  was  small  in  its  di- 
mensions, and  wholly  destitute  of  metal ;  in  the  second,  which 
had  more  of  the  character  of  clay-slate,  it  swelled  out  to  a  width 
of  18  inches,  and  contained  silver,  combined  with  antimony, 
copper,  &c.,  together  with  sulphate  of  barytes;  in  the  third, 
which  contained  hornblende,  the  former  were  wanting,  but  the 
last-mentioned  ingredient  continued  ;  while,  in  the  fourth,  which 
was  wholly  destitute  of  mica,  the  silver  returned  for  a  certain 
distance  down,  but  was  afterwards  replaced  by  selenite,  galena,  and 
sulphur,  in  small  quantities.  Sir  H.  de  la  Beche  mentioned 
similar  cases  in  Cornwall ;  and  the  frequency  of  their  appearance 
compelled  the  admission,  that  the  materials  of  the  vein  were,  in 
many  instances  at  least,  dependent  upon  the  character  of  the 
rock  which  it  traversed ;  so  that,  supposing  them  deri\ed  origi- 
nally from  the  same  igneous  source,  a  process  of  segregation  liad 
subsequently  taken  place,  by  which  particular  bodies  were  deter- 
mined to  certain  kinds  of  rock,  to  the  abandonment  of  others. 

In  order  to  pave  the  way  to  a  solution  of  these  and  other  diffi- 
culties, lie  submitted  two  questions — the  first,  whether  igneous 
rocks  did  not  contain,  disseminated  through  their  substance,  mi- 
nute and,  probably,  infinitesimal  quantities  of  many  of  those  rarer 
bodies,  which  were  found  collected  together  in  mineral  veins  ? — 
and  the  second,  whetlier  all  these  substances  might  not  possess  a 
certain  amount  of  volatility,  at  temperatures  below  their  freezing 
point,  and  thus  become  transported  from  place  to  i)lace,  at  periods 
long  subseipient  to  that  at  which  they  were  originally  evolve<l 
from  the  interior  of  the  earth,  in  a  state  of  admixture  with  other 
more  abundant  ingredient .''  In  adopting  the  affirmative,  with  re- 
ference to  the  former  of  these  questions,  it  was  not  necessary  to 
go  so  far  as  to  assume,  that  every  basaltic  dyke,  m-  even  every 
great  volcanic  f"(u-matioii,  contained,  as  an  integral  part,  minute 
quantities  of  all  the  metals  tliat  existed  in  nature — for,  considering 
how  infinitely  small  was  the  proportion  which  they  bore  to  the  en- 
tire bulk  of  the  crystalline  igneous  rocks,  their  absence  could  not 
be  safely  inferred  from  the  fact  of  their  not  having  been  disco- 
vered. The  facts  which  inclined  him  to  suspect  that  they  might 
exist,  were  the  circumstances — first,  that  the  discovery  of  phos- 
phoric acid,  in  so  large  a  number  of  volcanic  products,  led  to  the 
conclusion,  that  this  body,  at  least,  was  derived  from  volcanic 
emanation,  and,  by  analogy,  that  metals  were  also  so  derived;  se- 
condly, the  observation  made  by  Henry  Rose,  that  in  every 
crystalline  rock  traces  of  copper  might  be  detected  by  the  test  of 
sulphuretted  hydrogen— tlius  suggesting,  that  if  we  had  any 
equally  delicate  test  for  the  other  metals,  they  also  might  be  as- 
certained to  be  present ;  and,  thirdly,  the  fact,  that  not  only  iron, 
arsenic,  and  selenium,  existed  amongst  the  products  of  Vesuvius, 
but  likewise  lead,  copper,  zinc,  and  titanium,  while  tinstone  also 
was  ejected  by  IVIiuint  Etna.  Now,  assuming  the  existence  of 
metals,  and  other  bodies  of  rare  occurrence,  amongst  the  matters 
evolved  from  the  interior  of  the  earth  by  igneous  processes,  the 
second  hypothesis  stated  would  enable  us  to  account  for  the  dilfu- 
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sion  of  such  matters  through  the  substance  of  the  contiguous  strata, 
as  H-ell  as  for  their  local  accumulation  in  fissures,  or  veins  ;  for  it 
was  evident,  that  if  these  bodies  were  severally  capable  of  under- 
going volatilisation,  at  temperatures  below  that  of  their  fusion, 
the  heat,  which,  originating  in  the  intrusive  rock,  pervaded  the 
formations  contiguous  for  a  great  distance  around,  would  drive  out 
portions  of  all  these  substances,  causing  them  to  become  dissemi- 
nated throughout  the  latter,  and,  where  fissures  existed,  to  enter 
in,  and  contribute  to  fill  them.  For  this  purpose,  however,  the 
heat  must  be  long  continued,  as  well  as  of  a  certain  intensity  ;  and 
hence,  whilst  metallic  veins  were  frequent  in  connection  with 
granite,  they  were  entirely  absent  from  sub-aerial  lavas,  owing  to 
the  more  rapidly  cooling'that  would  take  place  in  the  latter,  than 
where  the  matter  was  thrown  out  under  the  sea,  or  at  great  depths 
beneath  the  surface.  Thus,  according  to  this  theory,  the  accumu- 
lation of  metallic  matter  in  veins  would  have  arisen,  not  from  the 
latter  ha\ing  been  the  original  receptacles  of  whatever  was  disen- 
gaged from  the  interior  of  the  globe — for  he  agreed  with  Prof. 
Bischoff,  in  considering  that  the  idea  of  metallic,  or  indeed  of  any 
description  of  veins,  being  injected  in  a  state  of  fusion  from  below, 
as  trap  and  granite  dykes  were  supposed  to  be,  was  encumbered 
with  insuperable  difficulties — but  owing  to  the  subsequent  action 
of  the  heat  upon  the  erupted  matter,  by  which  the  metal  might 
have  been  slowly  volatilised,  and  thus  have  found  its  way  into  the 
fissures  and  cavities  contiguous,  when  the  principle  of  adhesive 
affinity,  described  by  Prof.  Faraday  in  his  "  Memoir  of  the  Limits 
of  Evaporation,"  would  come  into  play;  and  no  sooner  was  a  thin 
layer  of  metallic,  or  other  body,  collected  along  the  walls  of  a 
cavity,  than  the  portions  subsequently  sublimated  would  be  deter- 
mined to  the  same  point,  until  the  whole  cavity  was  filled  up. 

The  learned  ])rofessor  also  alluded  to  Tilgman's  discovery  with 
regard  to  the  decomposing  influence  of  steam  at  high  temperatures, 
wliich  accounted  for  tlie  decomposition  of  many  rocks,  and  the  for- 
mation of  combinations  between  the  alkalies  and  fixed  acids. 
Various  facts  also  proved  that  a  certain  exaltation  of  temperature 
would  favour  the  segregation  and  new  combination  of  minerals, 
though  that  was  not  essential.  To  influences  of  this  kind  such 
formations  as  that  of  nodules  of  flint  in  chalk  had  been  referred, 
but  he  thought  it  more  probable  that  the  deposition  of  silica  was 
the  result  of  the  extraction  of  carbonic  acid  by  the  decomposition 
of  animal  matter. 

He,  therefore,  suggested  the  importance  of  ascertaining  by  more 
precise  experiments  what  were  the  laws  whicli  regulated  the  va- 
porisation of  solids  at  temperatures  below  that  at  which  they  were 
fusil)le.  Assuming  the  truth  of  this  principle,  it  threw  considera- 
ble light  upon  the  alterations  which  contiguous  strata  underwent 
from  the  intrusive  rocks — for,  the  supposing  a  certain  degree  of 
mobility  to  be  produced  by  heat,  witliout  actual  fusion,  would  en- 
able us  to  understand  these  changes.  The  learned  lecturer  then 
proceeded  to  discuss  the  diflficult  question  of  dolomisation,  which 
he  contended  might  be  solved  by  a  reference  to  the  same  princi- 
ples, aided  by  analogous  facts  known  to  chemists,  with  respect  to 
carbon  and  other  sul)stances.  The  whole  question,  however,  ap- 
peared to  be  oi)en  to  further  inquiry,  both  as  to  the  degree  of  vo- 
latility possessed  by  magnesia  and  its  several  combinations,  its 
power  of  penetrating  the  substance  of  a  calcareous  rock,  and  com- 
bining T\  ith  its  ingredients  in  atomic  proportions — neither  body 
being  in  a  state  of  absolute  fluidity — its  transmissibility  to  great 
distances  through  an  intervening  mass  of  rock,  and  the  circum- 
stances which  caused  it  to  accumulate  in  certain  sets  of  beds,  and 
to  pass  over  others.  Experiments  should,  likewise,  be  made  as  to 
the  changes  which  augitic  rocks  sustain  under  the  influence  of  a 
high  temperature,  and  as  to  the  possible  disengagement  from  them 
of  magnesia  under  the  circumstances  supposed ;  nor  was  chemical 
research  less  called  into  request,  for  the  purpose  of  enabling  us  to 
explain  such  phenomena  as  were  produced  by  igneous  causes  at 
the  present  day,  than  for  the  elucidation  of  processes  of  higher 
antiquity.  When  he  reflected  upon  the  assemblage  of  chemical 
phenomena  which  presented  themselves  during  the  several  phases 
of  volcanic  action — the  enormous  and  long-continued  evolution  of 
carbonic  acid — the  inexhaustible  supplies  of  sulphur,  arising  from 
deposits,  originally  caused  by  the  decomposition  of  sulphuretted 
hydrogen — the  volumes  of  steam  and  muriatic  acid  disengaged  by 
those  volcanoes  which  were  in  a  state  of  activity — the  sublimations 
of  common  salt,  sal-ammoniac,  &c.,  which  generally  accompanied 
an  eruption — tbe  nitrogen  gas  evolved  incessantly  for  centuries 
from  many  thermal  springs — when  he  saw  these,  and  other  results 
of  internal  chemical  action,  come  so  prominently  into  view  in  every 
part  of  the  world  where  opportunities  for  studying  the  operations 
of  internal  heat  were  presented,  it  did  excite  his  surprise  that 
philosophers  of  high  name  should  have  rested  content  with  a  theory 


which  professed  to  ascribe  everything  to  the  mere  protrusion  of 
some  of  the  fluid  contents  of  the  globe  tlirough  parts  of  its  crus-t, 
without  regarding  features  so  important,  and  apparently  so  essen- 
tial, as  those  to  which  he  had  alluded. 

He  thought  that  much  was  to  be  learned  with  respect  to  \'olca- 
noes,  by  minute  chemical  examinations  of  the  solid  products 
ejected,  with  a  view  of  comparing  their  constitution  one  with 
another,  and  of  the  gases  and  vapours  evolved  before,  at  the  time, 
and  subsequently  to,  a  volcanic  crisis.  Tlie  learned  lecturer  then 
referred  to  Prof.  Abich's  experiments  with  regard  to  felspar  and 
to  the  recent  discoveries  at  Vesuvius,  representing  the  evolution  of 
hydrogen  from  an  active  crater,  and  to  the  results  which  miglit  be 
expected  from  further  discoveries.  In  tlie  meantime,  even  with 
our  imperfect  knowledge  of  these  mysterious  workings,  we  might 
obtain  glimpses  of  a  beautiful  system  of  compensation — of  an 
adaptation  of  means  to  an  end — which  struck  the  observer  all  the 
more,  when  it  was  displayed,  as  in  this  case,  in  the  midst  of  tliose 
terrible  manifestations  of  irresistible  force,  which  the  workings  of 
a  volcanoe,  or  an  earthquake,  revealed.  This  was  shown  by  the 
useful  purposes  performed  on  the  surface  of  the  globe  by  the  car- 
bonic acid  evolved  from  its  interior,  and  was  also  iUustrated  by  the 
occurrence  of  metals  in  veins,  and  the  diffusion  of  phosphates  in 
minute  quantities  so  generally  through  the  strata.  Had  not  this 
been  the  case,  the  former  would  not  have  become  known  to  us, 
and  the  latter  would  not  have  been  available  for  the  nutrition  of 
plants. 

Such  were  a  few  of  the  facts  to  which  he  had  been  desirous  of 
directing  attention,  by  way  of  inducement  to  his  auditory  to  pur- 
sue the  science  of  geology  with  a  frequent  reference  to  chemical 
principles;  and  he  wished  to  impress  upon  those  just  entering 
upon  the  study  more  particularly,  the  great  truth,  that  in  all  kinds 
of  research,  chemistry  was  to  be  regarded  as  the  grammar  to  the 
language  of  Nature — the  key  to  unlock  her  most  secret  mysteries  ; 
and  that  those  who  were  ambitious  of  following  in  tlie  footsteps  of 
the  great  men  who  had  adorned,  and  still  adorn,  that  noble  Insti- 
tution, by  fathoming  the  depths  of  some  one  of  those  sciences 
which  were  there  cultivated — nay,  even  those  who,  with  humbler 
aspirations,  were  content,  like  himself,  to  snatch  a  mere  superficial 
glance  of  several — would  ever  find  it  impossible  to  proceed  with- 
out its  assistance.  His  own  experience  justified  him  in  assuring 
his  auditory,  that  whether  their  chief  interest  might  chance  to  lie 
in  physiology — vegetable  or  animal ;  in  scientific  husbandry  ;  or  in 
those  cosmical  plienomena  which  presented  themselves  to  the 
explorer  of  mountainous  regions — chemistry  would  suggest  at 
once  the  right  principles  for  interpreting  the  facts  observed,  as 
well  as  the  soundest  practical  application  that  admitted  of  being 
deduced  from  them. 


THE  TIDES  OF  THE  IRISH  AND  ENGLISH  CHANNELS. 

Report  of  E.rperinients  made  on  the  Tides  in  tin  Irish  Sea  ;  ore 
the  similarity  of  the  Tidal  Phenomena  of  the  Irish  and  Emjlish  Chan- 
nels ;  and  on  the  Importance  of  extending  the  Experiments  round  the 
Land's  End  and  vp  the  English  Channel.  By  Captain  F.  W. 
Beechey,  R.N.— (Read  at  the  Royal  Society,  March  9  and  16, 1S48). 

The  author  commences  by  stating,  that  the  set  of  the  tides  in 
the  Irish  Sea  had  always  been  misunderstood,  owing  to  the  dis- 
position to  associate  the  turn  of  the  stream  with  the  rise  and  fall 
of  the  water  on  the  shore.  This  misapprehension,  in  a  channel 
varying  so  much  in  its  times  of  high  water,  could  not  fail  to  pro- 
duce much  mischief;  and  to  this  cause  may  be  ascribed,  in  all  pro- 
bability, a  large  proportion  of  the  wrecks  in  Carnarvon  Bay.  The 
present  inquiry  has  dispelled  these  errors,  and  furnished  science 
with  new  facts.  It  has  shown  that,  notwithstanding  the  variety  of 
times  of  high  water,  the  turn  of  the  stream  throughout  the  north 
and  south  channels  occurs  at  the  same  hour,  and  that  this  time 
happens  to  coincide  with  the  times  of  high  and  low  water  at  More- 
combe  Bay, — a  place  remarkable  as  being  the  spot  where  the 
streams  coming  round  the  opposite  extremities  of  Ireland  finally 
unite.  These  experiments,  taken  in  connection  with  those  of  the 
Ordnance  made  at  the  suggestion  of  Professor  Airy,  show  that  there 
are  two  spots  in  the  Irish  Sea,  in  one  of  which  the  stream  runs 
with  considerable  rapidity  without  there  being  any  rise  or  fall  of 
the  water,  and  in  the  other  the  water  rises  and  falls  without  having 
any  perceptible  stream ;  and  the  same  stream  makes  high  and  low 
water  in  ditt'erent  parts  of  the  channel  at  the  same  time  ;  and  that 
during  certain  portions  of  the  tide,  the  stream,  opposing  the  wave, 
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runs  up  an  ascent  of  one  foot  in  three  miles  with  a  velocity  of  three 
miles  an  hovir. 

The  author  enters  minutely  into  the  course  of  the  stream,  shows 
that  the  point  of  union  of  the  streams  from  the  opposite  channels 
takes  place  on  a  line  drawn  from  Carlinfjford  through  Peel  in  the 
Isle  of  Man  on  to  Morccombe  Bay  ;  and  concludes  his  remarks  on 
this  ])art  of  the  subject  by  adverting  to  the  {rreat  benefit  navigation 
will  derive  from  the  present  inquiry.  He  then  notices  a  chart  of 
lines  of  equal  range  of  tide,  which  has  been  compiled  partly  from 
tJie  ranges  ])uhlished  by  the  Royal  Society,  and  partly  from  obser- 
vations made  on  the  present  occasion  ;  and  has  annexed  a  table  by 
the  aid  of  which  the  seaman  will  l)e  able  to  compare  his  soundings 
taken  at  any  time  of  the  tide  with  the  deptlis  marked  upon  the  Ad- 
miralty charts.  Next  follows  the  mention  of  a  feature  in  the  mo- 
tion of  the  tide-wave,  which  Capt.  Beechey  thinks  has  hitherto 
escaped  observation;  viz.  that  the  ujjper  portions  of  the  water  fall 
quicker  than  the  lower, — or  in  other  words,  that  the  half-tide  level 
does  not  coincide  with  the  place  of  the  water  at  the  half-tide  in- 
terval ;  that  this  ditfereiice  in  the  Bristol  Channel  amounts  to  as 
much  as  four  feet,  and  that  the  law  seems  to  be  applicable  to  all 
the  tides  of  the  Irish  Sea. 

We  are  next  presented  with  a  table  exhibiting  the  various  curves 
assumed  by  the  tide-wave,  and  with  the  durations  of  the  ebb  and 
flood  at  each  place.  Having  explained  these  observations  in  the 
Irish  Sea,  the  author  proceeds  to  apply  to  the  tides  of  the  English 
Channel  the  law  which  he  found  to  regulate  the  stream  of  the 
Irish  Channel,— availing  himself  of  the  observations  of  Captain  M. 
White  and  others  for  this  purpose.  There  was  no  difficulty  in 
adapting  the  rule  in  the  upper  part  of  the  channel ;  but  below  the 
contractiiui  of  the  strait,  the  apparent  discordance  was  so  great 
that  nothing  hut  a  reliance  on  the  general  accuracy  of  the  observa- 
tions prevented  the  inquiry  being  abandoned.  It  seemed  that  the 
streams  are  operated  upon  by  two  great  forces,  acting  in  opposition 
to  each  other  ;  \iz.  that  there  is  a  great  ofiing  stream  setting  along 
the  western  side  of  the  British  Isles,  and  flowing  in  opposition  to 
the  tides  of  the  channel  above  the  contraction,  turning  the  stream 
with  greater  or  less  effect  as  the  site  is  near  to,  or  removed  from, 
the  points  of  influence.  By  pursuing  this  idea,  it  was  seen  that 
the  observations  in  the  English  Channel  respond  to  it ;  and  then 
applying  it  to  the  offing  of  the  Irish  Sea,  and  considering  that 
cliannel  to  comprise  within  its  limits  the  Bristol  Channel,  as  the 
English  Channel  does  the  Gulf  of  St.  Malo,  it  was  found  that  the 
observations  there  also  fully  bear  out  the  idea.  So  that  there  was 
afterwards  but  little  difficulty  in  tracing  the  course  of  the  water, 
and  bringing  into  order  what  before  appeared  to  be  all  confusion. 
The  author  then  traces  the  great  similarity  of  tidal  ])henomena  of 
the  two  channels,  and  proceeds  to  describe  them.  For  this  pur- 
pose he  considers  the  Irish  Channel  as  extending  from  a  line  con- 
necting the  Land's  End  with  Cape  Clear  to  the  end  of  its  tidal 
stream,  or  virtual  head  of  the  tide  at  Peel ;  and  the  English  Chan- 
nel from  a  line  joining  the  Land's  End  and  Ushant,  to  the  end  of 
its  tidal  stream  off  Dungeness. 

With  these  preliminary  lines,  he  shows  that  both  channels  re- 
ceive their  tides  from  the  Atlantic,  and  that  they  each  flow  up  until 
met  by  counter  streams;  that  from  the  outer  limit  of  the  English 
Channel  to  the  virtual  head  of  its  tide  the  distance  is  2(>2  geogra- 
phical miles — and  in  the  Irish  Channel,  frtuii  its  entrance  to  the 
virtual  head  of  its  tide,  it  is  265  miles.  In  both  channels  there  is 
a  contraction  about  midway  ;  by  Cape  La  Hogue  in  the  one,  and 
by  St.  David's  Head  in  the  other,  and  at  nearly  the  same  distance 
from  the  entrance.  In  both  cases  this  contraction  is  the  commence- 
ment of  the  regular  stream,  the  time  of  the  movement  of  «  hich  is 
regulated  by  the  vertical  movement  of  the  water  at  the  virtual 
head  of  the  channel;  situated  in  both  cases  H5  miles  above  the 
contraction,  and  that  the  actual  time  of  this  change,  or  Vulgar 
Establishment,  is  the  same  in  both  cases.  Below  the  contraction 
of  the  strait,  in  both  cases  the  stream  varies  its  direction  accord- 
ing to  the  preponderance  of  force  exerted  over  it  by  the  offing 
stream..  In  both  cases,  between  the  contraction  and  the  southern 
horn  of  the  channel  there  is  a  deep  estuary  (the  Bristol  Cliannel  and 
the  Gulf  of  St.  Malo)  in  which  the  times  of  high  water  are  nearly  the 
same,  and  where,  in  both,  the  streams,  meeting  in  the  channel, 
pour  their  waters  into  these  gulfs,  and  in  both  raise  the  tide  to  the 
extraordinary  elevation  of  forty-seven  feet.  From  the  Land's  End 
to  the  meeting  of  these  streams  in  one  case  is  seventy-five  miles, 
and  in  the  other  the  same. 

In  one  channel,  at  Courtown,  a  little  way  above  the  contraction, 
and  at  150  miles  from  the  entrance,  there  is  little  or  no  rise  of  the 
water ;  and  in  the  other,  about  Swanage,  at  the  same  distance  from 
the  entrance,  there  is  hut  a  small  rise  of  tide  also  (five  feet  at 
springs).     In  both  eases  these  spots  are  the  node  or  hinge  of  the 


tide- wave,  on  either  side  of  which  the  times  of  high  wafer  are  re- 
versed. And  again,  near  the  virtual  head  of  the  tide,  in  both 
cases,  there  is  an  increased  elevation  of  the  water  on  the  smith-east 
side  of  the  channel  of  about  one-third  of  the  column — the  rise  at 
Liverpool  being  thirty-one  feet,  and  at  Cayeux  thirty-four  feet. 

The  author  traces  a  further  identity  in  the  progress  of  the  tide- 
wave  along  the  sides  of  both  chsinneh  0])pnsite  to  that  of  tlie  node. 
In  the  first  part  of  the  channel  the  wave  in  each  travels  at  about 
fifty  miles  per  hour  ;  in  the  next,  just  above  the  node,  this  rate  is 
brought  down  to  about  thirty  miles  in  one,  and  to  sixteen  miles  in 
the  other ;  it  then  in  both  becomes  accelerated,  and  attains  to 
about  seventy-six  miles  per  hour.  Lastly,  the  author  observes 
that  the  node  or  hinge  of  the  tide,  placed  by  Prof.  Whewell  (in  his 
papers  on  the  tides)  in  the  North  Sea,  is  situated  at  the  same  dis- 
tance nearly  from  the  head  of  the  tide  off  Dungeness,  as  the  node 
near  Swanage  is  on  the  opposite  side  of  it ;  and  that  in  the  Irish 
Channel,  at  the  same  distance  nearly  as  the  node  at  Courtown  is 
from  the  head  of  the  tide  off  Peel,  there  is  a  similar  spot  of  no  rise 
recently  observed  by  Capt.  Robinson.  Capt.  Beechey's  letter  was 
illustrated  by  charts  and  diagrams,  showing  the  identity  and  singu- 
lar phenomena  of  these  two  great  channels. 


MR.  HAY'S  THEORY  ON  SYMJIETRICAL  BEAUTY. 

On  the  Production  of  the  Beautiful — an  attempt  to  prove  that  the 
Theory  advocated  in  ttte  Papers  read  by  Mr.  D.  K.  Hay  before  the  Society  ^ 
founded  on  the  development  of  the  Harynonic  Ratios,  is  fallacious.  By  Mr, 
Thomas  Purdie. — (Head  at  the  Koyal  Scottish  SocietT  of  Arts,  March 
13  aud  27). 

Part  I. 

Mr.  Purdie  commenced  his  paper  by  referring  to  the  opinions  of  those 
philosophers  of  the  Socratic  school  whose  names  had  been  used  in  support 
of  the  tlieory  under  consideration.  He  endeavoured  to  show,  hy  quotations 
from  Lord  Jefifrey's  "  Essay  on  Beauty,"  and  from  Dr.  Reid's  works,  that  these 
opinions  were  hostile  to  all  theories  of  such  a  nature.  He  next  adverted  to 
Vitruvius,  and  stated  that  he  propounded  a  theory  of  a  similar  character  to 
that  whose  fallacy  he  had  undertaken  to  prove.  One  of  the  diagrams  used 
by  Vitruvius  in  applying  his  principles  to  practice  was  exhibited  ;  the  same 
diagram  bein^  used  by  the  author  of  this  theory  in  explaining  the  harmonies 
of  the  Parthenon.  He  stated,  however,  that  Vitruvius  could  not  be  con- 
sidered as  an  authority  in  regard  to  the  principles  on  which  styles  are  founded, 
having  been  led  away  by  his  fondness  for  metaphysical  distinction  and  re- 
finement, to  refer  them  to  sources  with  which  they  had  no  connection.  This 
statement  was  supported  hy  quotations  from  the  works  of  Vitruvius  himself, 
from  Lord  Aberdeen's  "  Principles  of  the  Beauty  of  Grecian  Architecture," 
and  from  the  article  .Architecture  in  the  "  Encyclopaedia  Britannica." 

As  the  second  division  of  his  subject,  Mr.  Purdie  referred  to  the  labours  of 
Kepler  in  proving  the  harmonies  and  analogies  he  supposed  to  exist  through- 
out nature — to  prove  which,  great  part  of  his  "  Mysterium  Cosraographicum" 
and  "  Harmonices  Mundi"  were  written.  He  investigated  the  reason  of  the 
Zodiac  being  divided  into  360  degrees.  It  led  him  into  some  subtle  con- 
siderations in  relation  to  the  divisions  of  the  musical  scale.  Mr.  Hay  inves- 
tigates the  properties  of  the  number  360,  and  his  investigation  seems  to  lead 
to  a  conclusion  of  a  similar  nature. — (See  p.  24  of  his  book  on  Symmetrical 
Beauty).  A  quotation  was  read  from  one  of  Galileo's  Dialogues,  denouncing 
the  belief  prevalent  in  his  time  as  to  the  beauty  supposed  to  reside  in  the 
harmonic  ratios,  that  being  the  principle  on  which  the  present  theory  is 
founded.  lie  quoted  a  passage  from  Bacon,  tending  to  show  that  be  con- 
sidered the  ideal  beauty  of  the  Greeks,  and  that  formed  by  geometrical  pro- 
portion, to  be  antagonistic.  In  it  Bacon  contrasts  Albert  Durer,  "  who 
would  make  a  figure  by  geometrical  proportions,"  with  Apelles,  "  who  would 
choose  the  best  parts  out  of  diverse  faces  to  make  one  excellent." — Numerous 
quotations  were  given  from  various  authors,  as  to  the  universal  prevalence,,ia 
the  15th  century,  of  the  "  dangerous  ideas  of  the  aptitude  and  congruence  of 
numbers,''  and  of  the  absurdities  to  which  the  style  of  reasoning  from 
analogy  lead.  By  this,  Francesco  Sizzi  attempted  to  disprove  the  existence 
of  Jupiter's  sateihtes.  A  celebrated  musician  held  that  God  created  the 
world  in  six  days,  and  rested  the  seventh,  because  there  are  but  seven  notes 
in  music ;  and  Kepler,  by  a  similar  process,  explained  the  music  of  the 
spheres,  in  which  Saturn  and  Jupiter  were  proved  to  take  the  bass.  Mars  the 
tenor,  the  Eaith  and  Venus  the  counter-tenor,  and  Mercury  the  treble. 

As  the  third  division  of  the  subject,  Mr.  Purdie  gave  a  short  account  of 
the  theory  advanced  by  Alison,  advocated  by  Lord  Jeffrey  and  others,  and 
generally  recognised  by  modern  metaphysicians.  He  did  not  feel  himself 
qualified  to  enter  on  the  differences  existing  between  Alison,  Lord  Jeffrey, 
Payne  Knight,  and  Dugald  Stewart.  They  appeared  to  be  as  much  of  a 
philological  as  a  metaphysical  nature,  and  did  not  affect  bis  branch  of  the 
subject.  He  had  not  had  time  to  make  himself  acquainted  with  Sir  George 
M'Kenzie's  refutation  of  Alison,  and  could  uot  say  what  effect  it  might  have 
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had  in  modifying  his  opinions  on  the  subject.  In  the  meantime,  although 
he  could  nut  say  this  theory  accounted  satisfactorily  for  every  phenomenon 
connected  with  beauty  of  form,  it  seemed  to  him  to  account  for  far  more  of 
them  '"lan  any  other  he  had  yet  met  with. 

As  the  fourth  branch  of  the  subject,  he  slated  the  nature  of  the  theory 
under  consideration,  and  attempted  lo  show  the  fallacies  contained  in  it, 
and  in  all  others  of  a  similar  nature  which  attributed  beauty  to  proporliua. 
The  grand  principle  of  this  theory — that  by  which  it  must  stand  or  fall — 
appeared  to  be  (p.  66,  Symmetrical  Beauty),  that  there  exists  in  the 
human  mind  "an  universal  inherent  mathematical  principle  of  harmony 
which  gives  a  response  to  every  development  of  its  laws,  whether  in 
Bound,  form,  or  colours."  He  devoted  some  time  to  the  consideration  of 
this  faculty.  His  arguments  went  to  prove,  that  if  such  a  faculty  existed, 
it  could  be  nothing  else  than  what  is  commonly  called  instinct.  To  combat 
this  idea,  he  quoted  a  motto  from  Mr.  Hay's  publication  on  Form,  itself  a 
quotation  from  Burke  : — "  Wherever  the  best  tasle  differs  from  the  worst, 
I  am  convinced  that  the  understanding  operates,  and  nothing  else."  He 
argued,  if  the  faculty  by  which  we  distinguish  the  musical  intervals  be  that 
by  which  we  become  sensible  of  the  beauty  of  form,  the  result  is  inevit- 
able,— that  all  animals,  such  as  the  mocking  bird,  which  can  distini;uish 
these  intervals  and  follow  tliem,  must  be  conscious  of  the  beauty  of  form 
also.  He  stated  that  the  only  proof  advanced  in  favour  of  this  theory  was 
drawn  from  analogy,  because  wc  find  the  harmonic  ratios  are  necessary 
to  the  primary  beauty  of  a  musical  chord.  These  ratios  have  been  ap- 
plied to  form,  as  being  necessary  to  constitute  its  beauty  also.  He  argued, 
if  we  are  to  conclude  that  these  ratios  are  necessary  to  constitute  the 
beauty  of  form,  simply  because  we  find  they  are  so  lo  the  primary  beauty 
of  a  musical  chord,  we  must,  on  the  same  grounds,  conclude  they  are  neces- 
sary to  the  objects  of  the  other  senses  ;  but  that  this  would  involve  the  ab- 
surdity of  attempting  to  account,  on  mathematical  principles,  for  the  same 
man  partaking  with  equal  relish  of  things  sour  and  sweet,  salt  and  fresh, — 
eating  pickles  lo  his  animal  food  one  day,  and  currant  jelly  the  next ;  for 
an  European  lady  preferring  the  scent  of  aromatic  vinegar  lo  asafoetida, 
while  some  tribes  of  savages  infinitely  prefer  the  latter.  He  spoke  at 
some  length  on  what  he  conceived  to  be  the  unphilosophical  nature  of  such 
a  mode  of  establishing  a  theory.  What  is  true  in  regard  to  a  theory 
founded  on  the  science  of  acoustics,  may  be,  and  is  indeed  likely  t>>  be, 
utterly  false  when  applied  to  and  founded  on  the  laws  of  perspective. 
A  sound  always  reaches  the  ear  precisely  of  the  same  pitch  as  it  left  the 
sounding  body,  while  a  form  makes  a  different  impression  on  the  eye  with 
every  change  of  position.  Thus,  supposing  Ibe  beauty  of  the  Parthenon 
to  depend,  as  asserted  by  the  theory  under  consideration,  on  the  harmony 
of  the  diagonals  drawn  within  the  various  rectangles  which  can  be  de- 
scribed within  the  building,  it  could  not  in  reality  be  beautiful  at  all,  as 
there  is  no  point  from  which  all  these  diagonals  could  possibly  be  presented 
to  the  eye  in  their  true  position.  Even  standing  immediately  in  front  of 
the  building,  the  diagonals  drawn  in  the  rectangles  between  the  nearest 
columns  would  necessarily  present  to  the  retina  a  much  more  acute  angle 
with  their  base  line  than  those  farther  removed.  Take  one  step  to  the 
right  hand  or  the  left,  and  the  angle  of  75  becomes  one  of  76  or  77,  and  so 
changing  with  every  step  until  the  columns  are  seen  close  together,  and 
every  one  of  these  angles  becomes  a  straight  line. 

Mr.  Purdie  followed  this  with  some  remarks  tending  to  prove  the  fallacy 
of  all  theories  which  assume  proportion  as  their  basis.  How  could  any 
such  a  theory  account  for  the  beauty  we  discover  in  a  human  figure  and  in 
ahorse?  Yet  the  principle  must  be  the  same,  by  our  recognising  beauty 
in  styles  of  architecture  so  various  that  some  of  them  seem  to  be  beautiful 
from  the  want  of  qualities  which  some  of  the  others  possess — as  the  Moorish, 
the  Grecian,  the  various  kinds  of  Gothic,  and  Elizabethan;  none  of  them 
having  a  single  feature  in  common,  either  in  their  proportions  or  their  details. 
That  these  differences  are  not  confined  to  the  dilferent  orders,  but  exist  in 
various  examples  of  the  same  order, — a  drawing  was  exhibited  of  four 
specimens  of  Corinthian  :  from  the  Choragic  monument  in  Athens — the 
temples  of  Jupiter  Slator  and  Tonans,  in  Rome— and  of  Vesta  at  Tivoli ; 
all  exceedingly  beautiful  specimens  of  the  order,  but  without  a  single 
feature  in  common,  either  in  their  proportions  or  details.  He  adverted  to 
the  universal  agreement  as  to  the  fundamental  principles  of  harmony  in 
music,  and  the  proverbial  differences  on  the  most  fundamental  paints  as  to 
beauty  of  form — lo  our  recognising  beauty  in  the  figure  and  dress  of  a  mo- 
dern belle,  and  our  considering  it  an  outrage  on  taste  to  transfer  the  same 
costume  to  marble,  although  the  same  form  and  face  be  preserved.  The 
origin  of  our  feelings,  he  said,  is  here  too  obvious  to  escape  notice.  A 
statue  lives  a  thousand  years,  a  man  threescore.  Our  taste  fur  sculpture 
has  been  modelled  on  that  of  antiquity,  and  cannot  now  change.  Our 
dresses  last  not  a  lifetime,  but  must  be  changed  as  necessity  requires. 
Makers  of  them  will  exercise  their  skill  and  ingenuity  in  devising  new 
forms — hence  change  of  fashion ;  and  hence  our  ideas  also  change,  and 
attach  themselves  to  those  forms  with  which  we  are  in  the  habit  of  asso- 
ciating all  that  is  graceful  and  elegant.  A  modern  statue,  even  in  a 
modern  costume,  would,  in  ten  years,  address  us  in  antiquated  language, 
without  having  the  respect  due  to  antiquity.  The  Grecian  statues  speak 
to  us  in  a  dead  language  which  changes  not,  and  they  speak  to  us  of  hoar 
antiquity — of  the  knowledge,  the  skill,  the  taste,  and  the  cultivation  to 
which  that  wonderful  people  had  attained,aad  from  whom  they  are  descended 
to  us. 

Mr.  Purdie  concluded  his  paper  by  characterising  all  attempts  to eslablish 
a  theory  on  such  grounds  as  this,  in  the  words  of  Lord  Jeffrey,  as  "  dog- 


matising from  a  few  examples,  instead  of  defining  any  general  comprelien" 
sive  principle,  jii  wlncli  all  beauty  may  be  supposed  essi*ntially  to  consist.'' 
An  attempt,  be  continued,  as  reasonable,  and  of  precisely  the  same  nature, 
as  that  of  a  man  who,  setting  out  with  the  premises  that  every  oak  tree  is 
a  vegetable,  attempts  therefrom  to  prove  that  every  vegetable  must  be  an 
oak  tree. 

Mr.  Purdie  then  intimated  that  he  would  be  prepared,  in  the  second 
part  of  his  paper,  to  go  somewhat  more  into  detail,  and  to  prove  the  fallacy 
of  the  tlieory  from  its  own  inherent  defects  and  self-cunliadictioiis  ;  for  of 
these  he  conceived  it  contained  sufficient  for  the  purpose,  although  he 
might  have  failed  in  convincing  any  one  on  the  general  question. 

Part  II. 
Mr.  Purdie  commenced  the  second  part  of  his  paper  by  recapitulating 
shortly  the  contents  of  the  first.  He  then  proceeded  to  explain  the  scope  of 
the  theory  he  had  undertaken  to  refute.  It  was  intended  to  be  applied  to 
universal  nature.  This  was  sutiiciently  shown  by  the  "  universal  mathema- 
tical principle  of  harmony"  assumed  to  be  "inherent  in  the  mind,"  for  tli« 
purpose  of  giving  a  response  to  the  laws  of  the  theory.  It  followed  that  no 
object  could  be  beautiful  in  which  those  principles  mere  not  developed.  He 
quoted  two  passages  from  Mr.  Hay's  book  on  Symmetrical  Beauty  as  still 
farther  explaining  this,  and  showing  how  these  laws  are  extended  to  univer- 
sal  nature. — "  In  these"  (the  organic  forms  of  nature)  "the  first  principles 
of  symmetrical  beauty  are  so  blended  with  the  picturesque,  and  operate  in  a 
manner  so  exquisitely  refined  and  subtile,  that  mankind  have  as  yet  been 
unable  to  systematize  them."— p.  2.  "  In  compositions  of  high  art,  the 
principles  of  symmetriral  beauty  are  so  subtilely  imparted  as  not  to  exhibit 
themselves."— p.  4.  To  these  he  requested  particular  attention,  this  being 
the  point  at  which  all  such  theories  fail,  i.  e.  in  the  attempt  to  account  for 
beauty  of  dissimilar  or  of  opposite  descriptions, — such,  for  example,  as  that 
which  we  discover  in  a  child  and  in  a  full-grown  man — in  a  horse,  a  New- 
foundland dog,  or  a  greyhound ;  or  a  building — Doric,  Ionic,  Corinthian, 
Elizabethan,  or  Gothic.  He  said  this  was  a  mere  begging  of  the  question, 
a  counterpart  of  Alexander  the  Great's  mode  of  unloosing  the  Gordian  knot. 
It  would  make  the  principles  of  this  theory  to  be  somewhat  like  the  music 
of  the  spheres — filling  heaven  and  earth  with  their  strains — strains  so  "  ex- 
quisitely refined  and  subtile,"  as  to  be  altogether  imperceptilile  to  moral 
ears.  Would  not  the  natural  conclusion  rather  be — "  De  non  apparentibus 
et  non  exisientibus  eadem  est  ratio  V'  It  was  admitted  these  principles  of 
symmetrical  beauty  did  not  show  themselves  in  works  of  high  art.  The 
admission  was  correct.  They  did  not  show  themselves — only  because  they 
did  not  exist.  Mr.  Purdie  next  referred  to  the  Parthenon,  whose  propor- 
tions it  was  attempted  to  show  were  in  accordance  with  the  principles  of  the 
theory.  In  making  the  attempt,  however,  it  was  admitted  that  several 
"  discords"  existed — the  outer  intercolumniations  being  closer  than  the 
others.  It  is  attempted  to  get  rid  of  this  difficulty  by  saying  that  the  outer 
intercolumniatlons  are  relieved  against  the  sky,  while  the  others  are  seen 
against  the  body  of  the  building — that  an  open  space  between  two  columns, 
seen  against  the  sky,  appears  wider  than  when  seen  against  a  background  in 
shade;  and  this  assists  in  harmonising  them. 

Mr.  Purdie  then  showed,  from  the  ground  plan  of  the  building,  that  there 
is  visible  a  space  of  only  two  feet  through  the  outer  intercolumniation,  while 
nearly  four  feet  can  be  seen  through  that  next  it.  This,  therefore,  instead  of 
assisting  the  theory  out  of  its  dilemma,  only  increased  the  difliculty.  Be- 
sides, a  glance  at  the  ground  plan  would  have  shown  that  the  same  inter- 
columniation was  applied  to  the  inner  row  of  columns,  which  were  so  close 
to  the  building,  they  could  never  be  seen  against  the  sky  at  all.  He  then 
explained  the  reason  usually  assigned  for  the  nature  of  the  intercolumniation 
used  in  Grecian  Doric,  which  is  connected  with  the  arrangement  of  the 
triglyphs  and  metopfe.  He  said,  Mr.  Hay  stated  that  the  line  of  the  tym- 
panum  formed  with  its  base  an  angle  of  15  deg. ;  that  "  as  the  angles  of  the 
pediment  in  Plates  6,  7,  and  15  (of  Stuart's  Athens)  all  ditler,"  he  "adopted 
that  of  the  latter,  as  being  the  most  likely  to  be  correct,  because  the  pedi- 
ment is  there  given  by  itself." — (Symmetrical  Beauty,  p.  72).  Mr.  Purdie 
showed,  by  reference  to  the  text  of  Stuart's  Athens,  that  Plate  15  did  not 
refer  to  the  dimensions  of  the  pediment  at  all,  but  was  only  intended  to  con- 
vey an  idea  of  the  sculpture,  and  was  given  without  measurements.  The 
measurements  were  correctly  given  on  the  elevation, — although  the  elevation 
itself  was  not  in  accordance  with  them.  By  a  calculation  made  from  these 
measurements  it  would  be  found  to  form  an  angle  of  13  deg.  2-1  min.  There 
was  a  statement  in  the  text,  noticing  the  inaccuracy  of  the  elevation.  The 
real  angle  was  there  stated  to  be  14  deg.  If  the  rest  of  the  angles  given 
had  been  taken  from  the  elevation  by  means  of  the  protractor,  as  they  ap- 
peared to  have  been,  they  must  be  all  wrong  together,  as  the  tympanum,  as 
there  represented,  is  18  inches  too  low. 

This  was  the  second  attempt  made  to  set  the  Parthenon  to  music.  The 
first  was  proved  and  acknowledged  to  be  a  failure.  Of  that  attempt  the 
jithenaum  remarked,  June  10,  1843 — "  It  is  easy  to  see  that  a  general  no- 
tion of  this  kind  is  a  most  insufficient  basis  even  for  a  plausible  theory.  *  * 
Mr.  Hay  is  wrong  when  he  asserts  that  certain  proportions  are  beautiful  be- 
cause they  are  those  of  the  notes  which,  in  all  the  combinations  of  harmony 
and  melody  of  sounds,  are  most  pleasing.  His  proportions  as  assigned  to 
form  are  most  correct  and  most  beautiful.  They  are  not,  however,  those  of 
the  beautiful  sounds  to  which  he  assigns  them." 

The  Grecian  Doric,  therefore,  was  not  in  accordance  with  the  principles  of 
this  tlieory.     Perhaps  the  attempt  might  be  more  successlul  when  tried  with 
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the  other  orders;  hut  if  it  failed  with  the  Doric,  the  proportions  of  which 
were  comparatively  invnriahle,  the  Ionic  and  Corinthian  must  he  still  more 
perplexing,  the  latter  of  which  varied  so  much  that  the  writer  of  the  article 
Architecture,  in  the  "  EncyclopiEclia  liritannica."  said  it  was  scarcely  possible 
to  give  any  general  description  of  it.  If  it  failed  with  any  of  these,  there 
«-ould  remain  for  it  hut  a  small  chance  of  success  with  the  Gothic  or  the 
Elizabethan. 

Mr.  Purdie  said,  it  might  aave  the  introduction  of  much  irrelevant  matter, 
if  it  were  kept  distinctly  in  recollection  that  he  was  not  attempting  to  refute 
some  imaginary  theory  which  might  he  brought  forward  in  the  course  of  the 
discussion,  hut  that  advocated  before  the  Society  hy  Mr.  Hay,  and  contained 
in  his  published  works.  That  theory  was  founded  on  the  harmonic  ratios. 
No  doubt,  order,  proportion,  and  harmony  were  all  necessary  to  the  beauty 
of  architecture ;  but  it  was  not  hy  the  harmonic  ratios  these  were  to  be  ob- 
tained. The  "  Greek  architects  allowed  themselves  to  be  fettered  in  their 
general  proportions  only."  This  theory  did  not  establish  general  propor- 
tions  at  all.  In  music,  the  application  of  harmonic  ratios,  while  they  allowed 
all  latitude  as  to  general  proportion,  limited  beauty  to  certain  fixed  points  or 
coincidences,  from  which  when  the  slightest  departure  was  made,  discord 
ensued.  Thus  a  difference  of  a  semitone  would  make  as  disagreeable  a  dis- 
cord as  a  full  tone,  and  one  quite  as  easily  recognised.  It  mattered  not 
whether  too  high  or  too  low.  The  application  of  the  harmonic  ratios  to 
forms  was  intended  to  produce  a  similar  eBect.  Thus  in  the  case  of  a  well- 
proportioned  column,  six  inches  added  to  its  height  would  be  as  easily  ob- 
served as  18,  and  quite  as  destructive  of  its  beauty  ;  and  were  the  height 
diminished  by  18  inches  instead  of  being  increased,  it  ought  to  be  no  more 
so,  the  departure  from  the  harmonic  ratio  in  either  direction  being  equally 
discordant.  The  instant  the  correct  proportions  were  departed  from,  de- 
formity would  be  the  result ;  hut  let  the  alteration  be  continued  a  little 
farther  in  the  same  direction,  the  deformity  would  be  got  rid  of — a  new 
chord  struck,  and  beauty  and  symmetrical  proportion  again  obtained. 

Mr.  Purdie  stated  shortly  what  he  conceived  to  he  the  source  of  the  beauty 
of  architecture  and  sculpture,  and  refeired.as  the  best  sources  of  information 
with  which  he  was  acquainted,  to  Lord  Aberdeen's  inquiry  into  the  princi- 
l)les  of  beauty  in  Grecian  architecture — Gwilt's  Preface  to  Chambers's  Works 
— the  Essays  of  Alison  and  Lord  Jeffrey,  and  the  lives  of  Christopher  Wren 
and  Michael  Angelo  Buonarotti,  published  by  the  Society  for  the  Diffusion 
of  Useful  Knowledge.  It  was  not  necessary  to  seek  for  any  mysterious  geo- 
metrical law.  The  taste  of  a  nation,  and  their  power  of  producing  and  ap. 
])reciating  beauty,  depended  on  their  progress  in  civilisation,  on  education, 
and  the  refinement  these  naturally  produce.  "  The  beauty  and  perfi-ction  of 
the  school  of  Phidias  accompanied  the  great  moral  and  intellectual  improve- 
ment of  the  times,  and  art  was  most  perfect  when  yEschylus,  Sophocles,  and 
Euripides,  produced  their  tragic  poems;  and  Socrates  and  Plato,  and  the 
great  Grecian  statesmen,  by  their  writin::s  and  example,  improved  the  moral 
and  political  state  of  mankind." — (Life  of  Michael  Angelo.)  That  this 
tended  to  prove  the  general  correctness  of  Lord  Jeffrey's  definition  of  taste — 
"That  the  power  or  faculty  of  taste  is  nothing  more  than  the  habit  of  trac- 
ing those  associations  by  which  almost  all  objects  may  be  connected  with 
interesting  emotions." 

Mr.  Purdie  then  took  notice  of  some  of  the  methods  given  for  applying 
the  theory  to  practice,  and  contended  it  was  equally  potent  to  produce  the 
ugly  or  the  beautiful.  According  to  the  method  given  by  Mr.  Hay  for 
drawing  the  human  countenance,  an  oval  was  first  described,  and  within  it  a 
triangle,  its  apex  undermost.  At  the  apex  the  mouth  was  placed,  and  the 
eyes  at  the  two  ujipir  angles.  But  no  rule  was  given  for  placing  the  apex 
of  the  triangle  undermost.  One  might,  if  he  felt  so  disposed,  reverse  both 
the  triangle  and  oval ;  it  might  be  some  bungling  Grecian  sculptor  who  thus 
reversing  his  triangle,  invented  the  Cyclopean  type,  with  one  large  eye  in  the 
centre  of  the  forehead,  and  a  mouth  extending  from  car  to  ear  at  its  base. 

A  similar  effect  would  take  place  with  the  profile,  in  drawing  which  an 
oval  is  given  for  the  face  and  a  circle  for  the  back  of  the  liead.  He  said 
the  profile  is  not  an  oval,  nor  is  the  back  of  the  head  a  circle.  To  render 
the  back  of  the  head  a  circle, a  large  slice  must  be  laken  from  "self-esteem  ;" 
and  "  philoprogeniliveness"would  suffer  an  amount  of  reductiou  which  might 
seriously  interfere  with  the  increase  of  the  population.  The  back  of  ihe 
bead  was,  strictly  speaking,  no  more  a  circle  than  a  square ;  and  if  it 
were  a  square,  or  a  rectangle,  provided  always  it  were  a  harmonic  one,  its 
consistency  with  the  principles  of  the  theory  might  have  been  quite  as 
easily  manifested, 

Mr  Purdie  then  proceeded  to  consider  what  are  styled  (p.  31,  Sym- 
metrical Beauty)  a  series  of  peculiarly  symmetrical  rectangles,  which  are 
evolved  by  using  Ihe  diagonal  of  the  square  as  the  base  of  the  first,  the 
diagonal  of  the  first  as  the  base  of  the  second,  and  so  on.  Mr.  Hay, 
however,  did  not  adopt  these  as  they  naturally  arise.  They  did  not  accord 
with  the  harmonic  ratios,  and  were  altered  to  suit. 

Mr.  Purdie  pointed  out  on  a  diagram  the  amount  of  the  alteration.  He 
said  Mr.  Hay  referred  to  ihe  temperament  used  in  music  in  its  justifica- 
tion. Mr.  Purdie  explained  the  nature  of  musical  temperament,  and 
showed  there  was  no  analogy  between  it  and  the  process  adopted  with 
these  rectangles.  He  stated  the  temperament  in  music  was  a  modern  in- 
vention, and  seemed  somewhat  out  of  place  in  a  treatise  which  claimed 
support  as  elucidating  the  principles  of  the  ancient  Greeks.  Were  such  a 
principle  as  this  tempering  admitted  into  science,  it  would  be  easy  to  ob- 
tain any  results.     Such  an  arbitrary  alteration  of  a  series  of  figures  in  a 


science  claiming  mathematical    accuracy,  would  have    been  conclusive 
against  it,  had  it  been  in  other  respects  unassailable. 

Mr  Purdie  next  referred  to  the  egg  oval,  and  Mr.  Hay's  method  of 
producing  it,  which  might  be  new  to  many  of  the  members,  and  was 
(leaving  out  the  harmonic  ratios)  the  simplest  and  best  meihiid.  He  said, 
whatever  merit  its  application  to  Ihe  drawing  of  vases  might  possess,  it 
had  not  that  of  novelty  to  recommend  it,  but  bad  long  been  f.imiliar  to 
every  one  who  had  given  any  attention  to  the  subject.  He  exhibited  in 
Nicholson's  "  Architectural  Dictionary"  several  good  examples  of  vases  so 
constructed,  along  with  a  variety  of  methods  of  producing  the  figures  on 
which  they  were  based. 

Mr.  Purdie  explained  the  effect  of  engrafting  the  harmonic  ratios  on 
them,  and  exhibited  a  variety  of  diagrams  to  test  whellier  any  one  could 
point  out  the  discordant  from  the  harmonic.  But  the  method  adopted  in 
forming  these  ovals  was,  he  contended,  altogether  subversive  of  the  theory. 

tour  pins  are  put  in  at  certain  fixed  points,  and  a  string  tied  round 
them,  for  the  purpose  of  obtaining  the  form  of  two  harmonic  triangles  ; 
but,  before  proceeding  to  produce  the  oval,  one  of  the  pins  is  pulled  out. 
For  this  no  reason  could  be  assigned  but  the  will  of  Ihe  operator.  It  did 
away  at  once  with  all  idea  of  harmonic  relation.  A  figure  so  constructed 
could  bear  no  mathematical  relation  to  the  triangles  on  which  it  was  based. 
Extend  the  radii  to  infinity,  and  a  circle  would  be  obtained  independent  of 
the  shape  of  the  triangles  :  reduce  the  string  to  a  sufticient  tension,  and  it 
would  become  a  triangle.  A  figure  so  constructed  vibrates  between  the 
circle  and  triangle.  At  no  possible  point  between  the  two  could  it  bear 
any  harmonic  relation  to  the  triangle  on  which  it  is  based. 

In  conclusion,  Mr.  Purdie  said,  that  the  origin  of  the  fallacies  contained 
in  this  theory  appeared  to  be  an  extravagant  fondness  for  analogy,  through 
which  the  idea  had  been  conceived  of  engrafting  the  principles  of  mnsic 
on  form  :  that,  instead  of  analysing  the  phenomena  of  mind,  and  deducing 
the  principles  of  a  science  from  the  facts  so  ascertained,  the  mental  phe- 
noniena  had  been  left  out  of  view  altogether,  and  the  theory  formed  on  a 
mathematical  basis  depending  on  the  harmonic  ratios:  and  that  the  result 
was  a  theory  utterly  at  variance  with  those  very  phenomena  on  which  it 
ought  to  have  been  founded.  The  only  method  of  iuvestigatiug  the  trulh 
in  metaphysical  science  was  by  inductive  philosophy,  the  slightest  atten- 
tion to  the  principles  of  which  would  have  saved  the  author  of  this  theory 
from  the  manifold  blunders  into  which  he  had  fallen. 

After  the  reading  of  the  above  paper,  Mr.  Hay  made  some  remarks 
"  On  the  effects  of  Perspectire  upon  Proportion,  being  the  first  of  a 
series  of  shirt  papers  upon  tlic  Harmony  of  Form." 

Mr.  Hay  commenced  by  apologising  to  the  members  of  the  Society 
generally,  for  calling  their  attention  to  a  fact,  with  which  he  believed  they 
were  familiar.  But  that  fact  had  been  denied  at  the  previous  meeting,  in 
an  attempt  to  prove  a  fallacy  in  his  system  of  applying  the  numerical  har- 
monic ratios  to  the  proportioning  of  rectangular  forms;  and  its  denial 
seemed  to  be  well  received  by  the  younger  members.  Mr.  H.  therefore, 
felt  called  upon  to  state  the  fact,  and  to  demonstrate  il.  The  fact,  he 
stated  was  "  that  whatever  system  of  proportion  may  be  applied  in  ar- 
ranging the  parts  in  the  geometric  elevation  of  a  building,  will  also 
operate  upon  the  effect  of  that  buililing,  in  whatever  degree  of  obliquity  it 
may  be  viewed."  He  exhibited  fi»e  drawings,  two  of  which  fully  ex- 
plained his  system  of  applying  the  numerical  harmonic  ratios,  and  the 
other  three  demonstrated  the  fact  which  had  been  denied  at  the  previous 
meeting  ;  and  therefore  concluded  that  the  attempt  to  prove  the  fallacy  of 
the  system,  by  the  denial  of  this  fact,  had  failed. 

Mr.  Hay  observed,  that  an  attempt  had  also  been  made,  at  the  previous 
meeting,  to  assimilate  his  system  of  the  application  of  numbers  to  sym- 
metrical beauty,  with  the  mystical  application  of  particular  numbers  by 
the  alchymists,  and  some  of  the  philosophers  of  the  middle  ages ;  and  of- 
fered to  prove  that  this  attempt  was  also  a  failure,  iuasmuch  as  he  em- 
ployed numbers  in  an  intelligible,  not  a  mystical  manner. 


PECULIARITIES  IN  THE  CONSTRUCTION  OF  GREEK 
ARCHITECTURE. 

Abstract  of  a  paper  "  On  the  Geometrical  Lines  and  Optical  Corrections 
of  the  Greek  Architects."  By  F.  C.  Pisnrose,  Esq. — (Read  at  the  Eoyal 
Institute  of  British  Architects,  February  21st.) 

I  will  observe,  that  although  the  scrupulous  accuracy  with  which  the 
measurements  which  I  shall  produce  have  been  recorded  may  seem  almost 
absurd  to  some,  it  will  not  appear  so  to  those  who  have  been  so  fortunate  as 
to  see  the  originals,  and  observe  the  perfection  of  the  workmanship  with 
which  they  are  put  together,  and  the  exceedingly  happy  preservation  of 
many  parts  from  the  weather,  which  enables  measurements  to  be  taken  with 
precision  in  these,  where  in  many  buildings  they  could  only  be  a  matter  of 
approximation. 

I  use  as  my  standard  of  measurement  the  English  foot,  and  divide  it  into 
100  parts  which  I  shall  call  cents. 

In  the  beginning  of  the  year  1846  I  was  at  Athens.  I  had  an  introduo- 
tion  to  M.  Riedel,  a  Bavarian  architect,  who  accompanied  me  on  my  first 
visit  to  the  Acropolis,  and  pointed  out  to  me  the  peculiarities  of  construc- 
tion of  which  I  am  about  to  speak ;  it  was  the  first  time  I  had  any  intima- 
tion that  there  was  any  departure  from  ordinary  line  and  rule  work  in  these 
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buildings,  excepting  a  rumour  which  I  heard  from  our  consul  at  Trieste, 
that  there  was  something  very  curious  recently  discovered  in  the  ancient 
buildings  at  Athens. 

These  peculiarities,  which  were  then  pointed  out  to  me,  were  the  convexity 
of  the  stylobate  on  the  four  sides  of  the  building,  and  the  inclination  of  the 
columns  towards  the  centre  of  the  building  ;  that  is  to  S2y,  on  the  east  front 
the  axes  of  the  columns  incline  in  a  westerly  direction,  and  those  of  the 
west  front  easterly.  Those  on  the  north  and  south  flanks,  south  and  north 
respectively.  It  follows  that  the  angle  columns  share  the  two  inclinations; 
for  instance,  the  north-east  angle  column   inclines  in  a  direction  south-west. 

This  fact  has  been  ascertained  some  time;  it  is  given  with  considerable 
accuracy  in  that  part  of  the  supplement  to  Stuart  which  was  supplied  by 
Mr.  Jenkins.  The  exact  amount,  owing  to  the  slight  displacements  which 
the  building  has  suffered,  is  only  to  be  obtained  by  a  diligent  survey  of  tbe 
whole  building. 

The  observation  of  the  convexity  of  the  lines  of  the  steps  is  more  recent. 
I  believe  that  one  of  our  countrymen,  Mr.  John  Pennythorne,  was  the  first 
who  paid  any  discriminating  attention  to  these  lines.  I  use  this  phrase  as 
they  cannot  but  have  in  some  measure  influenced  our  earliest  investigation, 
as  no  one  could  ever  have  cast  his  eye  along  any  portion  of  the  upper  mem- 
bers without  being  sensible  of  them.  The  lower  lines  of  the  building  were, 
as  I  understand,  quite  encumbered  with  rubbish  until  the  excavatious  of  the 
last  few  years.  Any  measures  obtained  by  boring  must  have  been  vitiated, 
and  they  have  doubtless  given  many  a  diligent  measurer  a  vast  deal  of  trou- 
ble, and  many  have  been  the  dimensions  which  have  stood  at  dismal  variance 
with  themselves,  and  been  cast  aside  without  being  really  to  blame. 

Mr.  Pennythorne  was  the  first  to  see  in  these  an  original  intention  and 
meaning ;  he  however  kept  his  knowledge  to  himself,  and  the  world  first 
heard  of  it  through  the  communication  of  MM.  Hofer  and  Schawbert,  German 
architects,  to  the  Bauzeitimg,  in  the  year  1838. 

I  was  very  much  struck,  as  all  who  have  seen  the  Greek  buildings  must  he, 
by  the  perfection  of  the  workmanship,  and  I  took  such  levels  and  dimensions 
as  I  could  with  the  instruments  I  had  with  me,  for  the  purpose  of  ascertaining 
the  amount  and  nature  of  these  adjustments.  And  I  arrived  at  a  suflicient 
degree  of  exactness  to  assure  myself  that  it  was  well  worth  while  to  go 
deeper  into  the  matter.  I,  however,  (in  1846),  was  not  able  to  pursue  the 
subject  any  further,  and  I  returned  to  England  in  the  autumn  of  that  year, 
and  had  the  pleasure  of  reading  a  paper  to  this  Institute  on  the  observations. 

They  attracted  more  sensation  than  I  had  any  right  to  expect,  and  I  re- 
ceived a  proposal  from  the  Society  of  Dilettanti,  that  if  I  were  willing  to  go 
out  to  Athens,  for  the  purpose  of  taking  more  accurate  observations,  they 
would  assist  ray  operations  with  a  sum  of  money.  This  proposal  I  willingly 
accepted,  and  provided  myself  with  the  necessary  implements,  and  induced 
a  young  architect  (son  of  Mr.  E.  Wilson,  of  Lincoln,  the  well-know  archaeo- 
logist) to  accompany  me,  and  we  arrived  at  Athens  towards  the  end  of 
October  last  year.  I  was  also  so  fortunate  as  to  fall  in  company  with  Mr. 
Meyer,  associate. 

The  first  thing  which  we  attempted  was  the  measurement  of  the  base 
line,  namely,  the  length  and  breadth  of  the  building.  This  was  done  with 
steel  tubular  measures,  compared  at  the  time  of  measurement  with  the 
thermometer,  from  which  also  long  deal  rods  were  graduated  for  the  mea- 
surement of  the  heights,  and  for  general  purposes.  The  steel  rods  were 
carefully  compared  by  Mr.  Simms,  both  before  and  after  my  return,  with  his 
standard,  and  1  gave  the  results  as  delivered  at  Athens.  They  are  still  sub- 
ject to  a  very  minute  correction,  but  not  worth  troubling  you  with  at 
present. 

.\s  soon  as  the  weather  allowed,  and  the  requisite  permission  obtained 
from  the  local  authorities,  I  proceeded  to  hoist  a  scaffolding  at  the  east-end, 
of  which  I  made  an  entire  circuit,  beginning  with  the  three  columns  which 
are  standing  on  the  north  side,  and  ending  with  the  south-east  angle  column. 

In  tliis  examination  we  plumbed  every  column,  measured  every  stone  of 
the  architrave,  the  capital,  and  upper  and  lower  stones  of  each  column, 
in  every  direction  ;  took  careful  measurements  of  all  the  cracks  which  have 
in  any  way  modified  the  original  form,  and  obtained  levels  of  all  the  lines  of 
the  entablature  at  fixed  points;  and  finally  examined  the  entasis  of  five  dif- 
ferent columns,  taking  several  sections  of  each. 

We  then  migrated  to  the  west-end,  where  I  contented  myself  with  making 
an  exact  examination  only  of  the  two  angular  columns,  which  position  en- 
abled me  to  obtain  the  levels  of  the  upper  members  of  the  western  part. 
I  also  took  all  such  measurements  in  the  western  parts  as  my  examination  of 
the  eastern  part  had  pointed  out  to  me  as  necessary  to  arrive  at  the  exact 
original  state.  I  then  proceeded  to  examine  the  upper  members  of  the 
posticum,  and  the  arrangement  of  the  tympanum,  which  has  some  pecu- 
liarities worth  notice  connected  with  the  support  of  the  statues.  Then  the 
roofing,  the  ceiling,  and  lastly,  the  original  painting,  engaged  our  attention. 

This  work  in  the  upper  part  of  the  building  was  naturally  very  much  ex- 
posed to  wind,  &c.  It  often  happened  that  while  it  was  impossible  to  do 
any  accurate  work  on  the  scaffolding,  we  might  be  employed  profitably 
below.  But  frequently  it  was  altogether  out  of  the  question  to  go  up  to  the 
Acropolis  at  all.  The  pavement  was  of  course  levelled  in  every  part  and 
several  times  over,  until  the  whole  system  worked  perfectly  together,  and  I 
could  satisfy  myself  that  I  had  got  the  exact  curve  in  every  instance,  or  at 
least  within  one  or  two  thousandths.  We  also  took  such  measures  as  suf- 
ficed for  the  accurate  position  and  proportions  of  the  cella,  with  the  ar- 
rangement of  columns  within  it.    This  sums  up  our  proceedings  at  the 


Parthenon,  which  occupied  nearly  five  months.  The  Propylaa  O'cupieu  a 
considerable  share  of  aitentiun,  and  I  searched  the  temple  of  Theseus  to  find 
how  far  it  was  analogous  to  the  Parthenon. 

Last,  but  not  least,  we  ascended  tbe  temple  of  Jupiter  Olympus,  from 
which  we  obtained  various  measurements  and  drawings. 

Tbe  measurements  of  the  breadth  of  the  temple  on  the  upper  step,  at  the 
east  and  west  ends,  I  found  to  he  respectively  101'341  and  101-3C1, — 
north  and  south,  228-141  and  228'154  respectively.  Tliis  exceedingly 
small  difterence  in  measures  which  were  certainly  intended  to  be  equal, 
pomis  out  the  limit  of  error,  which  can  be  attributed  solely  to  inaccuracy 
of  measurement  in  other  dimensions,  namely,  about  1  in  5,000.  I  may 
just  observe  that  I  found  my  wooden  measures,  notwithstanding  they  hail 
been  previously  saturated  in  oil,  subject  to  a  fluctuation  in  various  states  of 
the  atmosphere  rather  greater  than  this  amount.  So  that,  bad  the  eastern 
front  of  the  Parthenon  been  set  out  with  deal  rods  on  a  dry  day,  and  the 
western  on  a  moist  day,  we  should  have  had  as  great  a  difference  between 
them  as  actually  exists. 

It  follows  that  all  quantities  which  tend  to  proportionality  must  be  looked 
at  with  great  suspicion,  in  which  varieties  exist  sensibly  greater  than  this 
small  admissible  error. 

The  breadth  of  tbe  temple  of  Theseus  is  45-011,  and  its  length  is  104-23. 
The  former  is  almost  exactly  in  proportion  of  ^ths  of  the  breadth  of  the 
Parthenon  :  this,  I  think,  was  intended. 

But  a  difficulty  occurs  if  we  attempt  to  proportion  the  front  with  the 
flank  on  the  upper  step.  It  has  been  suggested  to  try  the  equilateral 
triangle.  That,  however,  notwithstanding  its  being  near  enough  tbe  mark 
to  suggest  the  trial,  leaves  the  quantity  =  -282  unaccounted  for  at  tbe  end  ; 
and,  besides,  I  do  not  find  that  in  the  Parthenon  there  are  any  affinities 
whatever  to  that  figure. 

I  very  much  prefer  to  descend  from  the  upper  step,  and  try  the  propor- 
tions on  the  second.  By  this  addition,  the  flank  becomes  106-63,  and  the 
front  47-41. 

We  now  obtain  a  proportion  9  to  4,  differing  from  exactitude  by  so  small 
a  quantity  as  to  be  fairly  admissible. 

It  is  somewhat  remarkable  that  the  quantity  1-066  is  found  frequently  in 
the  measures  of  the  Erectheum. 

The  proportion  of  solids  to  voids  is  4522  to  1000,  nearly  as  9  to  2. 

I  have  now  stated  the  principal  larger  proportions :  I  will  state  a  few 
others,  which  are  the  more  important  secondary  ones.  A  very  happy 
artifice  is  the  walls  of  the  pronaos  and  posticum  being  thicker  than  th* 
cella  walls. 

The  height  of  the  columns  of  the  Parthenon  is  exactly  iVj  length  of 
temple  on  upper  step,  the  breadth  of  the  abacus  of  six  of  the  eastern 
columns  is  exactly  -jij  breadth  of  temple;  they  are  not  all  equal,  but  I  have 
given  the  dimensions  of  those  at  the  eastern  end,  which  always  gives  the 
key  to  the  main  proportions. 

In  the  temple  of  Theseus,  the  column  is  exactly  Jj^jth  of  length  of  temple 
on  the  lower  step,  and  the  abacus  -[Ijtb  of  the  breadth  on  the  upper  step. 
In  both,  this  memlier  appears  to  be  the  unit  of  measure  for  all  the  details. 

The  whole  building  is  most  accurately  proportioned  in  every  part,  and  I 
think  it  not  unlikely  that  it  will  be  possible  to  find  a  standard  which  shall 
express  every  dimension  without  any  incommensurable  fractions. 

I  now  proceed  to  that  part  of  the  subject  which  is  more  particularly  the 
object  of  the  present  paper,  namely,  the  optical  corrections.  I  shall  first 
state  the  case  as  I  found  it,  and  lastly,  say  a  few  words  on  the  probable 
origin  and  intention  of  these  subtleties,  which  prevail,  more  or  less,  in 
almost  all  the  Greek  temples — in  all,  indeed,  that  I  have  examined,  with  the 
exception  of  (he  temple  of  Bassce,  on  the  borders  of  Arcadia,  wnere  I 
could  not  find  satisfactory  indication  of  either  convexity  of  pavement,  or 
inclination  of  the  columns,  or  even  entasis. 

The  pavement  of  the  Parthenon  is  bounded  by  four  curved  lines,  viz., 
the  edges  of  the  upper  step  on  tbe  four  sides  of  the  building.  The  four 
angles  of  this  curved  surface  are  not  precisely  level,  the  south-west  angle  is 
about  -16  above  the  north-east  and  south-east  angles.  1  think  that  this  is 
simply  owing  to  the  lines  of  the  earlier  temple,  which  were  also  curved,  being 
made  use  of  as  far  as  they  would  go,  and  by  being  produced  in  one  direction 
only,  and  remaining  fixed  at  the  south-west  angle.  The  line  so  produced 
would  naturally  fall  below  the  fixed  point.  This  is  the  case  on  tbe  west 
front,  south  and  north  sides.  The  extreme  points  of  the  upper  step  of  the 
east  front  are  exceedingly  near  level.  The  result  of  a  number  of  observa- 
tions gives  only  a  diflference  of  -002,  or  ^  feet,  a  quantity  which  we  need 
not  stop  to  discuss. 

If  these  two  points  be  joined  by  a  straight  line,  the  curve  which  forms 
the  edge  of  the  step  will  be  found  under  the  middle  columns  to  rise  to  a 
height  of  -214  above  it.  If  the  uniform  curve  had  been  preserved,  it  would 
have  been  -218  in  the  middle,  which  is  about  :^  breadth  of  front;  and  the 
curvature  is  so  regular  on  the  northern  half  of  this  front,  where  the  steps 
rise  immediatelyfrom  the  solid  unbroken  rock,  and  consequently  no  settle- 
ment can  have  taken  place,  that  of  four  points  measured  at  the  centres  of 
each  column,  three  agree  exactly  with  a  circular  arc:  the  fourth  difi'ers  only 
by  -003.  The  curvature  is  so  very  slight  that  it  might  be  any  regular  con- 
tinuous curve ;  for  instance,  in  so  small  an  arc  no  appreciable  difterence 
could  be  shown  between  the  arc  of  a  circle  or  that  of  an  ellipse  or  parabola, 
and  I  think  that  the  work  was  set  out  by  means  of  the  latter  figure,  which 
might  be  done  very  easily ;  whereas,  I  need  scarcely  point  out  the  difficulty, 
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or  rather  Smpossihility,  of  using  the  circle,  which  would  require  a  diameter 
of  al>out  2^  miles. 

Let  it  be  required  to  construct  a  circular  or  other  arc  of  uniform  curva- 
ture, whose  length  is  100  feet,  and  the  rise  at  the  centre  is  to  be  '25,  or  any 
other  small  measure  wliicli  must  not  mucli  exceed  one  font.  Construct 
»ith  any  axis  a  parabola,  and  set  otf  from  the  vertex  A  B  =  the  proposed 
rise,  and  draw  Ij  M  at  rijjht  angles  with  A  B.  Now,  L  M  will  represent  the 
100  feet  horizontally,  and  ordinates  drawn  to  the  curve  perpendicular  to 
L  M  will  determine  the  exact  rise  at  as  many  points  as  may  bo  required,  full 
size. 

The  curve  on  the  upper  step  nnrtli  side  of  the  Parthenon,  also  approxi- 
mates to  a  regular  curve  very  cl(»sely ;  its  entire  rise  in  the  centre  above  the 
line  joining  its  extreme  parts,  is  '300,  which  is  very  nearly  in  the  proportion 
of  i,  of  the  rise  in  the  east  front:  it  is  exactly  jjj  length  of  the  building. 
The  curve  on  the  south  side  seems  to  have  been  identical  with  the  north 
side,  but  it  has  suffered  more  from  the  concussions  which  the  building  has 
undergone,  especially  as  there  is  a  great  depth  required  on  this  side  of  arti- 
fiSal  foundation,  dntlie  north  side  the  steps  rise  almost  immediately  from 
the  solid  rock.  The  curve  on  the  west  front  is  not  quite  so  symmetrical  as 
on  the  other  sides.  It  has,  I  believe,  been  affected  by  the  lines  of  the  old 
building.     The  rise  is  exactly  the  same  as  the  east  end. 

The  upper  members  on  all  four  sides  follow  the  steps,  and  are  nearly 
parallel,  but  there  is  a  little  more  curvature  given  to  the  steps ;  the  entire 
rise  of  architrave  is  -173  on  east  front,  -175  on  west.  The  levels  of  those 
poitions  of  the  entablatures  which  remain  on  the  north  and  south  sides 
point  out  the  directions  which  those  lines  had  originally,  and  they  were  as 
nearly  as  possible  parallel  to  the  line  of  the  step,  excepting  that  just  at  the 
angle  columns  the  step  has  a  little  the  more  declension.  The  frieze  and 
cornice  are  exactly  parallel  with  toe  architrave.  In  the  temple  of  Theseus, 
also,  these  curves  prevail;  on  the  fronts  the  rise  is  ^  part  of  its  length,  on 
the  flank,  t;i^.     The  lines  in  the  architrave  are  exactly  parallel  to  the  step. 

There  is  one  relinement  which  the  temple  of  Theseus  possesses,  which  the 
Parthenon  is  without.  In  addition  to  the  cornice  being  raised,  the  inclined 
lines  of  the  pediment  have  a  very  slight  convexity,  between  -02  and  '03.  I 
was  unable  to  fix  more  precisely  the  amount.  I  imagine  that  it  was  owing 
to  some  degree  of  haste  in  wliich  the  Parthenon  was  finished,  of  which 
there  are  several  indications  in  the  upper  meraberi,  which  prevented  this 
t'.nal  adjustment  being  made  to  its  pediments ;  the  state  of  the  political 
horizon  at  that  time  making  the  completion  of  the  long  walls  of  more  im- 
mediate importance  than  the  optical  corrections  of  the  Parthenon.  On  a 
former  occasion,  I  stated  my  impression  that  the  came  which  led  to  the 
adoption  of  this  convexity  of  the  horizontal  line,  existed  in  the  contrast  of 
the  inclined  lines  of  the  pediment. 

Mr.  Ferguson  has  kindly  favoured  me  with  an  illustration,  which  I  will 
read  to  you,  from  a  description  of  the  construction  of  an  iron  foundry  at 
Kasipur,  near  Calcutta,  built  in  the  year  1834.  The  foundry  is  covered  by  a 
single  roof,  with  principal  rafters,  tie-rods,  and  suspension  bar  from  the 
centre.  The  rise  is  6  feet  and  the  spaa  50  feet,  which  is  exactly  the  same 
pitch  as  the  Parthenon  and  Propylaja.  The  passage  is  extracted  fiom  vol. 
iv.  of  the  journal  of  the  Asiatic  Society  of  Bengal,  p.  116  :  "  Before  closing 
our  short  account  of  the  Kasipur  roof,  we  must  notice  a  curious  optical  de- 
ception, for  which  we  are  somewhat  at  a  loss  for  a  correct  explanation.  On 
entering  the  room  and  looking  up  at  the  roof,  it  strikes  every  beholder  that 
the  roof  has  somewhat  sunk,  and  the  horizontal  tie-rod  is  about  5  or  6  inches 
lower  in  the  centre  than  near  the  walls.  We  were  not  convinced  that 
it  was  a  deception  until  Major  Hutchinson,  at  our  request,  caused  an 
actual  measurement  to  he  made  by  a  perpendicular  wooden  batten  from 
an  accurately  adjusted  level  on  the  stone  floor.  It  was  then  proved 
that  there  did  not  exist  a  difference  of  level  even  to  the  tenth  of  an 
inch."  The  conclusion  is  obvious  that  a  straight  tie-rod  appeared  to 
be  deflected;  and  I  have  no  hesitation  whatever  in  ascribing  the  cause  to 
the  contrasting  lines  of  the  principal  rafters.  I  do  not  think  that  it  is  ne- 
cessary to  have  our  eyes  refined  by  a  southern  climate  for  the  appreciation 
of  these  effects.  I  suppose  that  there  are  very  few  gentlemen  here  who  have 
not  felt  the  same  disagreeable  effect  of  a  flat  open  roof  with  horizontal  tie- 
beams,  unless,  indeed,  the  lattsr  be  very  much  cambered.  That  this  was 
the  view  the  ancients  took  of  the  matter  I  am  convinced  by  these  two 
facts — 

That  the  great  temple  at  Psestum  has  the  convexity  only  in  its  fronts,  and 
not  on  its  flanks ;  and  in  the  Propylffia  at  Athens,  although  the  base  on  which 
the  columns  of  the  two  pediments  stand  is  perfectly  straight  and  level, 
the  line  of  the  architrave  was  curved.  For  enough  remains  to  determine  this 
in  the  eastern  portico — the  central  columns  are  actually  about  "12  higher  than 
those  at  the  angles.  The  base  in  this  building  is  cut  in  two  by  the  ascend- 
ing roadway,  so  that  there  oould  have  been  little  or  no  advantage  in  a  con- 
vex base  line. 

It  will  be  well  to  remember  that  the  temples  at  Athens  were  the  result 
of  the  experience  of  several  centuries  in  which  these  refinements  were  gradu- 
ally brought  to  perfection.  The  first  process  was  probably  to  raise  the 
cornice  under  the  pediments  and  entablature,  by  making  the  middle  columns 
a  little  higher  than  those  towards  the  angles,  as  I  have  mentioned  in  the 
case  of  the  Propylfea.  Still  it  is  likely  that  to  a  fastidious  eye  the  straight 
line  of  the  stylobate  would  appear  weak.  Tlie  second  method  would  be 
that  found  in  the  great  temple  at  Pajstum,  in  which  the  fronts  have  the  con- 
vexity in  their  steps,  as  well  as  their  entablatures,  the  flanks  being  composed 
aith  horizontal  hues.     Perhaps  a  reasonable  man  should  be  content  with 


this.  I  must  willingly  admit  that  I  was  perfectly  content  with  the  temple  at 
Pffistum;  still  nothing  short  of  perfection  could  satisfy  the  refinement  of 
vision  with  which  the  Greeks  alone,  among  the  people  of  all  time,  seem  to 
have  been  endued ;  and  perhaps  by  looking  at  a  temple  constructed  as 
above-mentioned,  anglewise,  and  contrasting  the  convexity  of  the  corona  of 
the  fronts  with  the  straight  line  of  that  on  the  flanks,  or  more  likely  the 
comparison  of  the  two  different  forms  of  line  on  the  stylobate,  suggested 
the  possibility  of  improvement ;  at  any  rate  as  early  as  the  time  of  Pisis- 
tratus,  the  Atiienians  had  begun  to  demand  from  their  architects  the  per- 
fected construction,  as  the  foundations  of  the  temple  of  Jupiter  Olympus 
testify,  which  we  know  were  laid  during  his  reign. 

I  also  refer  to  his  time,  the  earlier  temple  of  Minerva,  which  occupied 
the  site  of  the  Parthenon  at  the  lime  of  the  Persian  invasion,  in  which  also 
we  find  that  the  lines  on  the  four  sides  of  the  building  were  convex.  I  can 
bear  witness  also  to  convexity  on  all  the  four  sides  of  the  temple  at  Nerasa, 
in  the  Peloponnesus,  and  Segeste,  in  Sicily.  I  could  find  no  trace  of  con- 
vexity  at  Corinth,  Egina,  Rbamnus,  or  Bass;e. 

The  next  subject  is  the  inclination  of  the  columns  and  the  upright  faces 
of  the  building.  1st.  The  face  of  the  steps  inclines  about  -008.  2nd. 
The  columns  iiicline,  backward,  a  quantity,  of  which  I  obtained  the  follow. 
ing  results.  From  the  average  of  the  measurements  of  all  the  lower  drums, 
(scamillce  impares,  as  Vitruvius  calls  them)  '229.  From  plumbing  the  an- 
gular columns  of  the  east  front,  taking  into  consideration  all  the  cracks  and 
movements  which  have  modified  its  original  position,  I  obtain  two  results  of 
•230  and -232. 

In  the  plumbing,  I  observed  every  precaution  to  ensure  correctness, 
using  a  very  heavy  weight  and  also  watching  for  calm  intervals  of  weather, 
which  are  rare  at  Athens.  I  am  disposed  to  think  that  '228,  or  one  thou- 
sandth part  of  the  length  of  the  building  was  the  amount  originally  intended. 
Those  gentlemen  who  remember  the  perfection  of  the  joints  with  which  the 
Parthenon  is  constructed,  will  allow  that  the  openings  between  them,  which 
at  present  exist,  are  the  exact  records  of  all  the  settlements  which  the 
building  has  undergone,  and  that  by  a  careful  examination  of  these,  the 
original  amounts  may  be  exactly  recovered,  which  would  be  hopeless  in  a 
building  which  had  been  of  less  highly-finished  construction. 

Vitruvius  directs  that  the  columns  of  the  pronaos  and  posticum  should 
be  set  perpendicular,  and  those  of  the  peristyle  should  incline  towards  the 
cella.  In  Cicero  ad  Verrem,  we  have  an  amusing  passage,  in  which  Cicero 
relates  one  of  his  rascalities ;  that  having  under  his  charge,  as  Roman 
governor,  a  young  Syracusan  nobleman,  whose  property  was  subject  to  the 
condition  of  repairing  the  temple  of  Castor  in  that  city,  Verres  was  ex- 
ceedingly anxious  to  make  a  job  of  this ;  so  he  goes  to  examine  the  temple, 
but  was  much  disappointed  on  finding  it  in  perfect  repair,  when  one  of  his 
companions  casually  observed,  there  is  nothing  here  to  be  done,  unless  yon 
order  the  columns  to  he  set  perpendicular.  Verres  was  evidently  surprised 
at  this  observation,  for  be  knew  nothing  of  architecture,  and  to  his  eye  the 
columns  appeared  angular ;  but  it  was  mentioned  to  him  by  those  who 
were  around  him,  and  no  doubt  familiar  with  the  practice  of  the  ancients, 
/ere  nultam  esse  columnam  quce  ad  perpendiculum  esse  possit — namely, 
that  in  a  temple  there  was  scarcely  any  column,  which  by  the  practice  of  the 
Greeks,  could  be  perpendicular.  Verres  was  delighted  at  finding  something 
to  set  his  young  friend  about,  and  said,  "  Oh,  by  all  means  let  him  set  the 
columns  perpendicular;"  and  no  doubt  he  took  care  himself  to  superintend 
the  payment. 

The  object  of  this  adjustment  is  to  correct  an  appearance  of  fanlike 
spreading  from  the  base  outward,  which  takes  place  in  columns  which  are  all 
perpendicular.  It  may  he  owing  to  this  cause  that,  in  consequence  of  the 
diminutiun  of  the  columns,  the  spaces  between  them  on  the  architrave  are 
greater  than  those  on  the  ground  (for  the  eye  quite  makes  allowance  for  the 
counterspread  of  the  capitals).  Again,  owing  to  the  greater  depth  oC 
snadow  behind  them,  the  upper  part  of  the  columns  will  have  apparently 
more  strength  of  light,  and  consequently  appear  greater.  The  effect  altoge- 
ther produced  will  cause  the  architrave,  if  equal,  to  appear  longer  than  the 
base,  and  consequently  the  angle  columns  will  appear  to  lean  outwards:  this 
is  rectified  by  making  the  said  angle  columns  lean  a  little  towards  the  centre 
of  the  building.  It  is  a  proof  ot  the  wonderful  judgment  with  which  this 
quantity  was  chosen,  that  so  many  diligent  and  accurate  observers  have 
studied  and  drawn  these  temples  without  being  aware  of  the  fact.  When 
my  attention  was  first  called  to  it,  I  could  not  at  all  perceive  it ;  and  I 
greatly  amused  a  French  architect,  who  had  been  for  some  time  at  Athens, 
by  asking  him  which  way  they  leaned  :  after  some  days  the  eye  began  to 
take  cognizance  of  it,  and  I  could  perceive  which  way  it  went. 

The  impression  of  strength  and  beauty  resulting  therefrom  is  by  no  means 
confined  to  those  who  are  cognizant  of  the  fact ;  and  I  doubt  not  that  many 
of  our  earlier  investigators  have  been  astonished  that  the  level-and-plumb 
imita'ions  of  Greek  architecture  which  we  have  in  this  country  so  little  re- 
called to  their  minds  the  consummate  beauties  of  the  Parthenon  and  other 
Greek  buildings.  No  doubt  our  climate  is  unsuited  to  the  pure  Greek,  but 
this  is  not  enough  to  account  for  the  falling  off;  it  is  not  so  in  our  Roman 
and  Palladian  buildings. 

One  peculiarity  which  I  noticed  is  that  the  antae  lean  forwards  to  meet 
the  columns  of  the  pronaos.  This  seems  to  have  resulted  from  the  inclina- 
tion inwards  of  the  columns  of  the  peristyle ;  those  of  the  pronaos  and 
posticum  being  perpendicular,  the  effect  would  have  been  to  produce  a 
strong  contrast  between  their  different  positions,  and  the  artifice  must  have 
been  detected:  by  the  influence  of  the   contiguous  face  of  the  untai,  the 
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column  (here  drawn  from  the  posticum;,  -srhich  is  really  perpendicular,  is 
made  to  appear  to  lean  slightly  in  the  same  direction  as  the  outer  columns. 

I  have  ohserved  that  a  perpendicular  pilaster,  when  brought  very  near  to 
a  column  in  a  portico  or  doorway,  has  the  effect  of  making  the  column  appear 
to  lean  forward.  Tlie  inclination  of  the  anta;  is  not  itself  visible,  except  to  a 
spectator  in  the  narrow  space  between  the  inner  row  of  columns  and  the  wall ; 
■  and  when  the  eye  is  brought  very  near  to  a  line,  so  that  it  cannot  take  it  in 
all  at  once,  it  is  scarcely  possible  to  judge  of  perpendicularity. 

The  last  peculiarities  I  shall  mention  are  the  differences  of  the  abacus. 
Those  on  the  east  front  are  of  the  largest  class,  the  north-east  and  south-east 
having  the  largest  in  the  whole  temple;  they  are  6-858  ;  the  others  in  the 
east  front  are  (v/Sf) ;  on  the  south  side  they  are  6-580,  and  so  are  they  on 
the  west  front.  The  north-west  angle  is  the  same  as  the  ordinary  size  of 
the  east  front,  G-755  ;  the  south-west  angle  is  somewhat  less;  on  the  north 
side  they  are  6-750  in  the  middle,  and  regularly  decrease  towards  the 
angles. 

The  entasis  of  the  columns  is  the  most  wonderful  and  beautiful  of  all  the 
curves.  It  is  so  delicate,  that  its  existence  was  for  some  time  doubted  ;  and 
yet  I  found  by  careful  measurements,  in  a  manner  which  was  suggested  to 
me  by  Professor  Willis,  which  I  will  here  describe.  A  fine  harp  wire  was 
strained  from  the  top  to  the  bottom,  as  tight  as  it  would  bear,  close  to  the 
edge  of  such  flutes  as  preserved  a  sufiicient  number  of  points,  with  the 
original  surface,  and  by  means  of  a  rule  similar  to  the  one  1  here  produce, 
which  is  supplied  with  a  vernier,  I  was  enabled  lo  measure  from  the  flute  to 
the  wire  with  the  greatest  accuracy  to  about  half  -^jL  foot.  I  took  such 
measures  in  several  columns  of  the  Parthenon,  which  I  found  to  be  won- 
derfully true  and  identical.  I  measured  also  the  entasis  of  columns  from 
the  Erectheum,  Propylaea  (both  orders),  temple  of  Theseus,  and  Jupiter 
Olympus.  In  those  of  the  Parthenon,  Erectheum,  and  Propylaea,  I  find  the 
correspondence  with  hyperbolic  arcs,  which  I  have  calculated  so  exact,  that 
the  mean  of  from  14  to  '20  measurements  in  each  column  differs  from  the 
calculated  curve  less  than  Jjj;^  foot,  and  none  of  them,  where  the  surface 
was  to  be  depended  upon,  differs  by  so  much  as  jj,,.  The  entasis  of  Jupiter 
Olympus  gives  also  a  very  true  hyperbolic  arc.  The  columns  of  Theseus 
are  so  much  worn  in  their  outer  edges  that  I  was  obliged  to  content  myself 
-with  measures  within  the  flutes,  which  never  give  such  regular  curves  as  the 
fillets,  although  the  flutes  are  worked  with  a  nicety  far  exceeding  that  found 
in  any  other  style  of  architecture.  Still,  a  mean  from  four  different  sections 
within  the  flutes  gives  a  very  accurate  hyperbolic  arc,  although  no  one  is  a 
perfectly  regular  curve.  These  hyperbolas  are  all  chosen  with  their  axes, 
multiples,  or  aliquot  parts  of  the  attic  foot.  The  Greek  architects  acted 
with  great  judgment  and  knowledge  of  the  nature  of  tlie  curve  they  were 
employing,  as  it  is  the  only  one  of  the  conic  sections  which  can  produce 
variety  in  such  delicate  curvature  as  they  have  chosen  for  their  entasis. 

I  must  now  advert  to  some  of  their  mouldings,  which  are  woiked  with 
the  same  perfection,  and,  as  far  as  I  have  examined,  are  all  different  forms  of 
the  conic  sections. 

The  echinus  of  the  capitals  of  all  the  Doric  columns  agrees  with  various 
forms  of  the  hyperbola.  The  soffit  of  pediment,  Parthenon,  and  Propylaea, 
and  I  think  of  Theseus  also,  shows  a  hyperbolic  arc.  This  is  a  magnificent 
moulding,  and  worked  with  the  utmost  perfection.  That  of  the  Erectheum 
is  an  equally  true  parabola.  The  cymatium  of  the  Parthenon  is  the  only 
certain  circular  form  which  I  know,  except  the  torus  of  base,  Erectheum, 
and  Ionic  order  Propyla;a.  The  flutes,  also,  are  all  parts  of  circles,  whose 
centres  are  proportioned  to  the  width  of  the  flutes.  In  this  they  showed 
their  judgment,  as  it  would  have  been  almost  impossible  to  have  worked 
pure  ellipses ;  and  in  these  retiring  surfaces  the  value  of  the  perfect  variety 
of  curvature  of  the  ellipse  would  scarcely  have  been  appreciated.  Talking 
of  flutes,  there  is  a  peculiarity  in  the  flutes  of  the  Parthenon,  which  does 
not  occur  in  any  other  of  the  temples  of  .Athens.  The  flute  at  the  neck  is 
deeper  in  proportion  to  its  width  than  in  the  rest  of  the  shaft :  during  the 
■whole  rise,  utrtil  about  3  feet  below  the  neck,  the  sagitta  or  depth  of  the 
flute,  from  its  chord,  is  jsths  of  chord.  At  the  neck  it  is  'jijths,  which  is 
about  ith  part  greater.  This  has  a  good  deal  of  effect  on  the  column,  and 
gives  a  richness  of  effect  to  the  upper  part,  at  the  same  time  that  it 
diminishes  the  light  in  that  part  where  it  can  best  afford  it,  viz.,  where  it  is 
contrasted  to  the  deep  hack-ground  of  shade  of  the  upper  part  of  the  cella 
wall. 

I  have  not  yet  much  to  say  with  regard  to  the  colouring  of  the  temple, 
nor  have  I  much  time  to  say  that  litlle,  for  I  fear  I  must  have  exhausted  your 
patience.  The  drawings  which  are  at  present  made  represent  the  architrave, 
band,  &c.,  the  triglyph,  and  the  string  which  carries  the  marble  beams  which 
supported  the  ceiling.  There  is  not  a  great  deal  of  positive  colour  remain- 
ing in  the  Parthenon.  The  underside  of  the  mutules  show  some  vestiges 
of  blue  and  red  colour,  and  the  upper  part  of  the  nook  of  the  triglyphs, 
here  and  there  on  the  east  front,  preserves  some  blue.  One  of  the  antae 
of  the  posticum  has  a  tolerable  supply  among  its  eggs  of  blue  and  green, 
and  some  red.  The  flowers  which  decorate  the  cymatium  and  other  mould- 
ings have  no  trace  of  positive  colour,  but  the  drawing  of  the  ornaments 
upon  them  is  in  many  places  clearly  to  be  made  out. 


CAST  AND  WROUGHT  IRON  BRIDGES.— (Part  II.) 

(Continued  from  page  126  J 
At  the  request  df  the  council  of  the  Royal  Scottish  Society  of  Arts,  the 
second  part  of  a  paper  "  On  the  Strength  of  Materials,  as  ajiplicable  to  the 
construction  of  Cast  or  IVrong/it  Iron  Bridges,  including  an  account  of  tlic 
Tubular  Bridges  over  tlie  Cunway  and  Menai  Straits  ifc,"  was  read,  April 
10th.     By  George  Buchanan,  Esq.,  President. 

In  the  first  part  of  this  paper,  Mr.  Buchanan  described,  on  a  former  even- 
ing, the  principle  and  construction  of  the  High  Level  Bridge  at  Newcastle, 
which  is  intended  to  complete  the  communication  by  railway  between  Lon- 
don and  Berwick-upon-Tweed.  Some  inquiry  having  been  then  made  from 
the  chair  regarding  the  bridge  over  the  Tweed,  the  only  remaining  link  un- 
completed between  London  and  Edinburgh,  he  had  received  the  following 
particulars  from  Mr.  Harrison,  the  resident  engineer  under  Mr.  Stephenson  ; 
— This  bridge  is  to  be  of  stone,  and  is  to  consist  of  28  semicircular  arches, 
each  6I2  feet  span,  resting  on  lofty  piers,  carrying  the  level  of  the  railway 
103  feet  above  high-water  mark,  126  feet  above  low-water  mark,  and  135 
feet  above  the  deepest  part  of  the  bed  of  the  river.  The  whole  length  of 
the  bridge,  with  abutments  and  wing-walls,  is  2140  feet.  The  28  arches  are 
divided  into  two  series  by  a  broad  pier,  28  feet  in  thickness  in  the  middle. 
The  piers  of  the  arches  are  8.1  feet  in  thickness  at  the  springing,  increasing 
by  steps  towards  the  bottom.  The  bridge  will  not  be  completed  for  16  or 
18  months,  but  it  is  intended  to  have  a  temporary  bridge  ready  for  traftic  in 
the  month  of  July  next.  This  viaduct  is  a  work  of  great  rnagnitude,  and 
will  form,  when  finished,  a  striking  and  imposing  structure,  and  one  of  the 
many  to  which  the  extension  of  railways  has  given  rise.  While  on  this  sub- 
ject, he  would  mention  two  other  remarkable  works,  recently  designed  and 
executed  by  Mr.  Miller  on  the  North  British  and  Ayrshire  Kailways.  The 
one  is  the  viaduct  overthe  Valley  of  Dunglass,  between  Dunbar  and  Berwick, 
not  far  from  the  once-celehrated  Pease  Bridge.  This  viaduct  crosses  the 
valley  and  banks  by  six  semicircular  arches,  each  60  feet  span,  and  then  the 
deep  ravine  by  a  single  arch,  135  feet  span,  and  rising  105  feet  above  the 
bed  of  the  stream.  A  large  and  beautiful  model  of  this  structure  was  ex- 
hibited, which  Mr.  Miller,  at  the  President's  request,  had  allowed  to  be 
shown  to  the  Society.  The  other  viaduct  is  that  of  Ballochmyle,  across  the 
Water  of  Ayr,  on  the  Cumnock  Extension  of  the  Ayrshire  Railway,  and  is 
similar  to  that  of  Dunglass  in  crossing  the  valley  on  three  semicircular  arches, 
each  50  feet  span  on  each  side,  hut  is  still  more  remarkable  in  crossing  the 
deep  ravine  in  the  middle  by  a  single  semicircular  stone  arch  no  less  thaa 
180  feet  span,  and  rising  150  feet  above  the  bed  of  the  stream — a  bold  and 
noble  design,  and  which  has  been  executed  with  complete  success,  the  adja- 
cent rocks  furnishing  such  vast  blocks  of  stone  as  greatly  to  facilitate  the 
construction,  and  to  render,  indeed,  the  plan  itself  practicable.  The  arch 
stones  are  5  ft.  3  in.  deep  at  the  springing,  and  4  ft.  9  in.  at  the  crown,  and 
the  appearance  from  below  of  the  stupendous  arch  rising  to  such  a  height  is 
singularly  grand  and  striking.  The  whole  arrangements  connected  with  the 
quarrying  and  raising  and  depositing  the  stones  on  the  building,  by  the  im- 
proved machinery  of  modern  times,  have  been  most  efficiently  conducted  by 
the  contractors,  Messrs.  Ross  and  Mitchell,  and  the  simple  mode  of  centering 
adopted  and  shown  in  the  Dunglass  model  is  recommended  by  the  advantage 
of  preserving  the  timbers  entire. 

The  subject  of  stone  bridges  opens  a  wide  and  interesting  field,  but  ex- 
tending  beyond  the  limits  of  this  paper.  He  would,  therefore,  resume  the 
one  more  immediately  prescribed,  namely,  the  strength  of  materials,  particu- 
larly iron  for  bridges.  Some  interesting  experiments,  which  the  time  on  the 
previous  evening  did  not  permit  to  be  shown,  were  then  made  on  the  tensile 
strength  of  stone  from  ilailes  and  Craigleith  quarries.  The  Hailes  stone 
bore  on  the  square  inch  360  lb.,  the  Craigleith  considerably  more ;  and  a  re- 
markable effect  was  observed  here  after  the  load  had  hung  for  a  little:  it. 
was  suggested  by  a  member  to  give  it  a  slight  tap  with  a  hammer,  and,  on 
this  beirrg  done,  it  immediately  snapped  asunder,  showing  the  effect  of  vibra- 
tion or  concussion  when  the  materials  are  greatly  strained  in  aiding  and 
completing  the  fracture,  a  circumstance  which  appears  to  throw  light  on 
what  may  sometimes  occur  by  the  i-apid  and  violent  actions  of  the  trains  on 
railways.  The  compressive  strength  of  the  Ilailes  and  Craijleith  stones  was 
then  shown,  by  experiment,  to  be  much  greater  than  the  tensile  strength; 
and  as  it  required,  indeed,  more  weight  and  a  more  powerful  apparatus  than 
could  be  commanded,  these  experiments  on  different  stones  were  deferred  to 
another  evening. 

The  compressive  strength  on  posts  or  pillars  was  then  considered,  and  the 
remarkable  effects  of  the  length  of  the  pillar  in  diminishing  its  strength.  On 
this  subject  much  light  has  been  thrown  by  the  experiments  of  Messrs. 
Hodgkinson  and  Fairbairn.  Pillars  or  rods  were  tried  of  different  lengths, 
from  3  inches  to  5  feet,  and  of  different  diameters ;  rods  half  an  inch  diame- 
ter, with  3|  inches  length,  bore  11  tons;  but  when  the  length  was  7i  inches 
it  onlycarrred  5  tons,  when  15  inches  long,  3  tons;  and  at  30  inches  only 
13  cwt.  From  these  experiments,  a  general  rule  may  be  drawn  for  different 
lengths.  Taking  the  strength  of  cast-iron  as  formerly  given  at  50  tons  per 
square  inch,  this  will  hold  good  in  pillars  till  the  length  reaches  five  times 
the  diameter,  and  then  it  begins  to  di-ninish.  When  the  length  is  ten  times 
the  diameter,  the  strength  is  reduced  in  the  proportion  of  1|  to  1 ;  with  the 
length  at  15  times  the  diameter,  it  is  reduced  as  2  to  1  ;  20  times  as  3  to  1 ; 
and  40  times  as  6  to  1. 
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Hence  the  great  advantage  in  cast-iron,  of  using  hollow  pillars  or  tubes  in 
place  of  solid  metal,  whereby,  with  the  same  area  or  section  of  fracture  the 
diameter  of  the  pillar  is  incr'easeil,  and  with  it  the  resistance  to  flexure,  and 
an  increase  of  strength  in  proportion  to  the  length.  A  solid  pillar,  for  in- 
stance, G  inches  in  diameter,  if  extended  to  7^  feet  in  'length,  would  be 
weakened  one-half,  but  if  cast  hollow,  10  inches  in  diameter  and  ;}  inch 
thicli,  giving  the  same  weight  of  metal  per  foot  in  length,  it  might  then  be 
extended  to  12.]  feet,  and  still  possess  the  same  strength  as  the  other.  In 
all  these  cases  a  remarkable  circumstance  was  observed  in  regard  to  the 
mode  of  applying  the  strain.  M'ith  the  ends  of  the  pillar  turned  flat,  and  a 
flat  plate  interposed  at  top  and  bottom,  which  is  the  case  in  supporting 
buildings,  this  was  found  to  sustain  nearly  three  times  as  much  as  when  the 
pillar  was  rounded  on  the  ends,  so  as  make  the  force  pass  directly  through 
the  axis,  as  occurs  so  frequently  in  machinery  with  the  connecting  rods  of 
steam-engines,  and  in  other  cases.  The  effect  of  the  length  of  pillars  in 
weakening  the  strength  was  illustrated  by  a  striking  experiment  with  a  spiral 
wire,  quite  flexible,  yet,  when  set  up  as  a  pillar,  and  tied  in  the  middle 
laterally,  with  slender  threads,  carried  a  weight  of  50  lb.,  and  would  have 
carried'much  more,  but  the  moment  the  threads  were  cut,  the  wire  gave  way 
by  flexure,  and  oversetting  the  balance,  the  weight  immediately  sunk. 

In  regard  to  the  Transverse  Strain,  he  had  already  explained  the  nature  of 
this  compound  action,  and  particularly  the  manner  in  which,  under  it,  the 
beam  becomes  exposed  at  once  to  the  effects  of  tension  and  compression, 
the  one  side  being  distended  and  the  other  compressed.  On  this  most  in- 
teresting and  important  subject  he  had  still  much  to  «ay,  but  would  defer  it 
to  another  evening,  as  the  time  was  short,  and  he  was  anxious  to  proceed 
with  another  part  of  the  paper  which  had  been  particularly  referred  to, 
namelv,  the  subject  of  the  tubular  bridges. 

The  application  of  malleable  iron  had  been  already  used  in  the  shape 
of  tension-rods  in  cast-iron  girders,  and  was  applied,  as  we  have  seen,  in 
the  high  level  bridge  at  Newcastle  ;  but  the  application  of  girders  con- 
structed of  malleable  iron  alone  is  a  new  idea.  It  Las  been  applied  on 
railways  in  the  case  of  skew  bridges  of  wide  opening  and  limited  depth 
between  the  railway  and  the  road  ;  in  these  cases  the  girder  consists  of  a 
rectangular  hollow  tube  or  square  box,  extending  over  the  whole  span, 
and  of  such  depth  as  can  be  attained.  These  have  hence  received  the 
name  of  Tubular  Bridges,  and  have  excited  much  attention  since  the  grand 
experiment  has  been  determined  on,  of  trying  these  structures  on  such  a 
magnificent  scale  as  is  now  in  progress  of  execution  in  the  crossing  of  the 
Straits  of  Menai  by  the  Britannia  Bridge,  and  the  estuary  of  the  Conway 
by  the  Conway  Bridge,  and  which  form,  without  doubt,  the  most  remark- 
able engineering  enterprises  of  the  present  day.  These  spots,  as  is  well 
known,  had  already  been  the  scenes  of  vast  engineering  operations  con- 
nected with  the  suspension  bridges  of  Telford  to  form  the  great  turnpike 
road  communication  from  the  metropolis  to  Holyhead,  and  thence  across 
the  channel  to  Dublin;  and  when  it  was  determined  that  this  communica- 
lion  should  be  superseded  by  railway,  it  became  a  matter  of  most  serious 
consideration  how  these  two  openings  were  to  be  spanned,  keeping  in  view 
tlie  new  conditions  of  stability  required  for  railway  traflic  ;  and  the  subject 
having  been  remitted  to  Mr.  .Stephenson,  the  engineer  of  the  line  of  rail- 
way, namely,  the  Chester  and  Holyhead,  he  at  once  rejected  the  principle 
of  the  suspension  bridge  as  inapplicable,  owing  to  the  undulations  to  which 
it  was  liable,  and  which  bad  been  proved  by  practice  in  a  similar  bridge 
for  a  railway  across  the  Tees,  to  be  both  inconvenient  and  dangerous. 
How  far  the  principle  might  have  been  modified  by  the  introduction  of 
proper  ties  and  braces  may  be  a  question  ;  but  iu  a  case  of  such  vast  mag- 
nitude and  importance  there  might  still  have  been  risk,  and,  on  the 
maturest  consideration,  Mr.  Stephenson  determined  to  recommend  the 
simple  and  bold  design  of  a  hollow  rectangular  tube  of  malleable  iron, 
consisting  of  thin  plates  rivetted  together,  such  as  he  had  already  tried 
with  success  on  a  smaller  scale  upon  railway  bridges,  and  which  he  con- 
ceived was  the  best  form  for  securing  not  only  strength,  but  sufficient  sta- 
bility and  stifl'uess  to  prevent  any  undue  oscillations  or  vibrations.  To 
carry  out  this  plan,  the  assistance  of  the  first  authorities,  scientific  and 
practical,  on  the  strength  of  materials  was  called  in,  and  to  Messrs. 
Hodgkinson  and  Fairbairn  the  duty  was  remitted  of  trying  the  efl'ect  with 
experimental  tubes  on  a  small  scale,  and  finally  on  a  model  one-sixth  of 
the  dimensions  of  the  bridge,  being  75  feet  long.  Much  valuable  informa- 
tion was  obtained  during  the  progress  of  these  experiments.  The  first 
thing  observed  was  the  uniform  tension  of  the  under  side  of  the  tube  when 
loaded,  and  the  violent  compression  of  the  upper  side,  forming  a  beautiful 
illustration  of  tiie  nature  of  the  tensile  and  compressive  forces  already  laid 
down.  The  former,  by  its  uniform  tendency  to  produce  the  stable  equi- 
librium, bringing  the  thin  masses  into  a  straight  line,  the  line  and  position 
of  repose ;  but  the  latter,  on  the  contrary,  tending  to  produce  flexure  in 
the  plates,  to  push  them  out  of  the  straight  line,  and  push  everything  out 
of  joint;  so  that  when  the  bottom  plates  remained  Arm,  and  retained  their 
form,  the  top  plates  became  bagged  up  and  puckered  like  a  loose  web  of 
cloth.  The  top  plates  were,  therefore,  strengthened,  and  the  addition  of 
another  plate  to  the  top  increased  the  breaking  weight  from  3,700  lb.  to 
4,500  lb. 

As  it  was  not  so  much  strength  that  was  wanted  on  the  top  plate  as 
stillness,  in  place  of  adding  layer  upon  layer  of  plates,  the  idea  naturally 
occurred  of  forming  the  top  plate  into  a  series  of  little  hollow  square  tubes 
running  longitudinally  the  whole  length  of  the  bridge,  having  the  appear- 
ance, looking  endways,  of  little  cells,  the  effect  of  which  was  such,  that 
while  the  top  plates  remained  firm,  the  bottom  ones  now  appeared  to  give  ' 


\^'ay.  These  being  next  strengthened,  an  extraordinary  elTect  was  then  ex- 
hibited when  tlie  lube  broke,  the  sides  collapsing  together,  and  twisting 
and  distorting  the  whole  fabric  iu  a  singular  manner,  showing  that  the 
sides  formed  now  the  weak  point.  These,  then,  were  strengthened  and 
stiffened  by  numerous  ribs  of  angle-iron  running  vertically  from  top  to 
bottom,  and  at  last,  by  these  repeated  trials,  the  strength  and  proportions 
of  the  iliflerent  parts  of  the  structure  appeared  to  have  attained  a  fair  and 
proper  distribution.  The  strength  of  the  tube,  which  at  first  only  carried 
seven  times  its  own  weight,  was  then  increased  to  eleven  times,  and  from 
these  experiments  the  strength  and  proportions  of  the  real  design  have 
been  calculated,  and  one  of  these  tubes,  as  is  known,  has  now  been  actually 
constructed  on  the  shore  of  the  Conway,  floated  by  water  to  its  place,  and 
raised  to  its  proper  height  by  the  power  of  two  enormous  hydraulic  rams, 
one  at  each  end,  lifting  the  gigantic  mass,  which  is  412  feet  in  length,  15 
feet  wide,  25^  feet  high,  and  weigiiing  no  less  than  1,300  tons.  This  is  in- 
tended for  one  set  of  rails,  and  there  is  another  tube  of  the  same  dimen- 
tions  in  preparation  to  be  set  parallel  to  it  for  the  other. 

The  situation  of  the  structure  close  to  the  suspension  bridge,  and  close 
to  the  base  of  the  magnificent  Castle  of  Conway,  and  the  effect  of  spanning 
the  wide  estuary  of  the  Conway,  were  all  illustrated  by  a  beautiful  draw- 
ing, and  the  nature  and  construction  of  the  tube  or  bridge  itself,  was  illus- 
trated by  a  model  which  he  had  himself  constructed.  The  model  was 
composed  of  only  three  thicknesses  of  paper  and  one  of  cloth,  and  the  sides 
were  strengthened  by  thin  slips  of  wood  to  represent  the  angle-iron  ;  it  was 
8  ft.  6  in.  long,  GJ  inches  deep,  and  3.j  broad,  and  although  weighing  only 
4  lb.  it  carried  a  weight  of  32  lb.  in  the  centre,  without  visible  deflection. 

The  dimensions  and  structure  of  the  bridge  he  would  now  describe, 
from  information  for  which  he  was  indebted  to  Mr.  Fairbairn  of  Manches- 
ter, and,  through  Mr.  Stephenson,  to  Mr.  Edwin  Clarke,  the  resident  en- 
gineer under  him. 

The  sides  of  the  tube,  vvhich  are  25J  feet  deep  at  the  centre,  consist  of 
malleable  iron  plates,  only  i  inch  in  thickness,  rivetted  together  in  plates 
2  feet  broad  and  from  4  to  8  feet  long  (as  was  shown  in  an  enlarged  view 
or  elevation  with  cross  sections),  adjusted  so  as  that  the  joints  may  break 
band.  At  the  joints,  however,  the  strength  and  stilTaess  of  these  plates  is 
greatly  increased  by  slips  of  angle  or  T  iron,  one  of  which  is  laid  on  the 
outside  of  the  plate  and  the  other  opposite  to  it  on  the  inside,  face  to  face, 
and  all  the  four  surfaces  strongly  rivetted  together.  The  top  of  the  lube, 
again,  consists  of  two  separate  horizontal  plates,  running  parallel  to  one 
another,  1  ft.  9  in.  apart,  forming  together  as  it  were  a  ceiling  to  the  tube 
or  tunnel  and  an  external  flooring  on  the  top.  These  plates  are  |  inch 
thick,  rivetted  together  in  breadths  of  2  ft.  9  in.  thick,  and  in  lengths  of 
G  feet,  and  between  them  there  runs  seven  vertical  plates  longitudinally, 
from  end  to  end  of  the  bridge,  1  ft.  9  in.  high  and  ^  inch  thick,  separating 
the  ceiling  from  the  floor  or  upper  platform,  and  at  the  same  time  uniting 
them  strongly  together  by  rivets  and  joints,  each  vertical  plate  having  a  rib 
of  angle-iron  on  each  angle,  running  longitudinally  the  whole  length,  by 
which  it  is  united  into  one  vast  cellular  mass,  consisting  of  eight  separate 
cells  or  tubes,  1  ft.  9  in.  square.  The  object  of  all  this  strength  and  dis- 
tribution of  materials  is  to  give  the  necessary  stiffness  and  strength  where 
the  compressive  force  acts.  And  on  this  account  the  top  and  bottom  plates 
are  merely  united  by  butt  joints  with  covering  plates.  The  whole  sec- 
tional area  of  this  cellular  frame  consists  of  608  square  inches.  Lastly, 
the  bottom  of  the  tube  consists  of  a  similar  frame  of  cells,  but  only  six  ia 
number.  The  upper  plate  consists  of  two  layers  of  plates,  each  5  inch 
thick,  and  the  under  one  the  same  ;  but  as  these  plates  are  intended  to 
resist  tension,  and  ought  to  be  formed,  if  it  were  possible,  like  a  chain, 
besides  being  laid  in  two  layers,  the  plates  are  arranged  so  as  to  break 
joint,  and  a  covering  plate  3  feet  long  and  as  thick  as  the  plate  is  placed 
over  every  joint  with  sufiicieut  rivets,  such  that  the  tearing  strain  is  equal 
to  the  tensile  strength  of  the  plates  they  connect.  The  plates  are  12  feet 
long  and  2  ft.  4  in.  broad,  being  the  whole  breadth  of  the  cell.  The  angle 
iron  in  the  bottom  cells  and  plates  is  rendered  continuous  by  covers. 

The  top  and  bottom  are  united  to  the  cells  by  strips  of  angle-iron  run- 
ning the  whole  length,  inside  and  out ;  the  interior  vertical  angle-irons  at 
top  and  bottom  are  curved  round  to  increase  the  strength  of  attachment, 
and  there  are  also  gusset  or  angle  pieces  rivetted  on  for  additional 
strength.  The  rivets  used  vary  from  1  inch  to  1|  inch  diameter,  and  there 
are  about  a  quarter  of  a  million  iu  each  tube.  The  holes  were  made  so  as 
to  make  the  rivets  fit  well,  and  they  were  all  put  in  red  hot.  The  sectional 
area  of  the  bottom  frame  of  cells  is  508  square  inches. 

These  are  the  dimensions  in  the  centre  of  the  tube,  but  the  top  plates 
become  thinner  towards  the  euds,  where  they  are  only  :J-inch  thick,  and 
also  the  bottom  plates,  where  they  are  reduced  to  ^-inch  each.  The  side 
plates  again  get  thicker  towards  the  euds,  where  they  are  -jtt'''^  thick. 
The  ends  of  the  tube  are  slifl'eued  with  cast-iron  frames,  and  there  are 
also  castings  in  the  cells  for  8  feet  at  the  ends,  and  the  sides  are  also 
"leatly  strengthened  at  the  ends.  The  tube  was  originally  curved  on  the 
top  7  inches,  and  was  brought  to  the  straight  line  by  the  elasticity  of  the 
material  as  calculated  on;  showing  that  with  its  own  weight,  1300  tons,  it 
only  sunk  7  inches.  The  one  end  of  the  tube  is  to  be  fast  in  the  stone 
pier  or  abutment,  the  other  is  to  be  loose  to  allow  of  expansion,  which  has 
been  found  quite  visible  in  diff'erent  states  of  the  atmosphere.  Mr.  Clarke 
says  that  the  lube  is  a  sensible  thermometer, — half-an-hour's  sunshine  at 
one  end,  or  on  the  top,  will  move  it  laterally  an  inch  and  a  half,  and 
vertically  two  inches,  and  this  when  the  lube  is  loaded  mUh  200  tons  ia 
the  centre. 
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Such  are  the  dimensions  and  structure  of  this  extraordinary  work,  and 
in  regard  to  which,  he  was  happy  to  say,  the  trials  which  have  been 
already  made  appear  to  promise  every  success.  A  load  of  100  tons  only 
sunk  the  tube  1  inch  in  the  centre.  In  regard  to  the  calculation  of 
strength  he  was  not  able  to  enter  on  these  at  present  for  want  of  some  of 
the  data,  but  expected  to  do  so  on  a  future  occasion. 

The  thanks  of  the  Society  were  voted  to  Mr.  Buchanan  for  his  excellent 
and  instructive  exposition  ;  and  also  to  Mr.  Stephenson,  Mr.  Fairbairo, 
Mr.  Clarke,  and  Mr.  Harrison,  civil  engineers,  for  communicating  the 
information  relative  to  the  tubular  bridges  at  Conway  and  Menai,  and 
■viaduct  at  Berwick ;  and  to  Mr.  Miller,  C.E.,  for  allowing  his  elegant 
model  of  the  viaduct  at  Dunglass  to  be  exhibited.  Mr.  Buchanan  was  at 
the  same  time  requested  to  continue  his  observations,  and  lay  them  before 
the  Society  at  a  future  time,  which  request  he  kindly  promised  to  comply 
frith. 

At  the  conclusion  of  the  above  paper,  the  following  communications 
were  read  : — 

1.  "  On  a  new  Lubricant  for  Machinery"      By  Mr.  Alexander  Bryson. 

This  paper  described  a  new  compound,   possessing  properties  which 

seem  to  render  it  a  better  lubricant  than  those  in  use  for  large  machinery. 
It  is  composed  of  oil,  sulphur,  and  vulcanised  caoutchouc. 

2.  "  On  Economising  Fuel  in  Gas-Works."      By  Mr.  William  Kemt. 

The  author  states  that  he  has  made  a  valuable  discovery  in  economising 

fuel,  at  Galashiels  Gas  Works,  by  which  almost  all  expense  of  fuel  is 
saved.  AVhere  coal  tar  is  burned,  it  has  an  injurious  effect  on  the  furnace 
bars  and  retorts,  the  greatest  annoyance  arising  from  the  rapid  clinkering 
up  of  the  furnace  bars,  to  remove  which  the  tiremen  had  frequently  to 
throw  water  into  the  furnace,  which  caused  the  rapid  destruction  of  the 
bars.  To  prevent  this,  the  idea  occurred  to  the  author,  of  using  the 
exhausted  tan  bark  of  the  tan  works,  which  had  the  desired  eliecl.  The 
force-pump  for  injecting  the  tar  into  the  furnace  was  next  thrown  aside,  as 
it  was  found  that  the  dry  bark  absorbed  tar  equal  to  its  production  at  the 
works.  His  method  is  as  follows : — The  bark  is  dried  and  mixed  with 
the  coke  of  the  gas  coal,  bulk  for  bulk ;  a  pailful  of  tar  is  thrown  upon  it, 
not  quite  so  much  as  it  will  absorb,  and  it  is  then  turned  over.  The  mix- 
lure  burns  with  a  fine  clear  flame,  attended  with  less  smoke  than  formerly  ; 
the  furnace  bars,  by  remaining  unclinkered,  admit  the  oxygen  freely  for 
the  combustion  of  the  fuel.  Where  tan  bark  cannot  be  had,  peat  moss, 
loose  and  dry,  makes  a  good  substitute.  The  author  stales  that  in  one 
year  £126  was  saved  on  furnace  coal ;  and  he  has  pledged  himself  that, 
in  future,  not  a  penny  shall  be  required  for  that  article. 

3.  "  Description  and  Drau'inr/  of  a  new  Plate- Holder  Jor  tlie  Daguerreo- 
type Camera."     By  Mr.  Andrew  K.  Sparke. 

Mr.  Sparke's  plan  is  as  follows: — A  small  mahogany  box  is  made 
rather  larger  than  three  times  the  breadth  of  the  plate,  and  half  an  inch 
on  each  end  deeper  ;  the  width  is  three-eighths  of  an  inch.  A  hole  is  cut 
in  wood  the  size  of  the  plate,  and  in  the  centre  of  the  large  pieces.  In 
this  box  a  veneer  frame  is  made  with  a  place  for  the  plate  and  glass,  on  a 
line  with  each  other  ;  this  is  pulled  backward  and  forward  by  a  piece  of 
■wire  or  string,  through  a  hole  made  at  the  coiner.  By  this  arrangement 
the  plate  is  instantly  exposed  to  the  lenses,  and  will  be  found  admirably 
adapted  for  taking  moving  objects.  It  saves  the  trouble  of  shifting  the 
ground  glass  frame  for  the  plate-holder,  and  the  consequent  risk  of  moving 
the  camera,  so  annoying  in  the  old  plan.  The  plate  is  also  exactly  the 
same  distance  from  the  lenses  as  the  glass.  For  a  camera  not  achromatic, 
the  ground  part  of  the  glass  may  be  placed  outwards,  so  that  the  plate 
■will  be  the  thickness  of  the  glass  nearer  the  lenses  than  the  image  seen  on 
the  ground  glass,  and  consequently  nearer  or  in  the  chemical  ray. 


INSTITUTION  OF  CIVIL  ENGINEERS. 

March  28,  and  April  4. — Joshua  Field,  Esq.,  President,  in  the  Chair. 
The  paper  read  was  "  The  Engineering  of  the  Rhine  and  the  Moselle." 
By  Mr.  G.  B.  W.  Jackson,  Assoc.  Inst.  C.E. 

This  communication  was  written  during  a  short  visit  made  to  Holland, 
for  the  purpose  of  inspecting  personally  the  works  with  which  the  author 
had  become  familiar  in  the  writings  of  Beaudemoudin,  Vandeu  Bergh, 
Delafontalnes,  Hibbert,  Krayenholf,  Ockhart,  and  Wiebeking.  It  com- 
menced with  tracing  the  geographical  course  of  the  Rhine  from  its  source 
on  the  Badus,  in  the  canton  of  the  Grisons,  to  its  numerous  outfalls  into 
the  sea.  It  then  treated  at  considerable  length  the  geological  character  ot 
the  country  through  which  the  river  and  its  branches  thus  traversed.  The 
ancient  works,  as  far  back  as  the  time  of  the  Romans,  were  then  briefly 
described  :  and  the  general  state  of  the  bed  of  the  river,  with  the  compa- 
rative levels,  the  inclination  and  the  velocity  of  the  stream,  at  the  com- 
mencement of  the  modern  works,  were  then  laid  down  in  a  tabular  form, 
as  points  of  data  ;  and  then  the  capability  of  the  Rhine  for  forming  banks 
by  warping,  or  depositing  the  matter  held  in  suspension,  was  discussed. 
The  remainder  of  the  tiist  part  of  the  paper  was  then  occupied  by  descrip- 
tions of  the  modes  of  straightening  the  bed  of  the  river,  and  of  construct- 
ing the  dams,  weirs,  division  arms,  spurs,  and  shore  works,  and  the  method 


of  blasting  the  rocks,  which  latter  considerably  impeded  the  course  of  the 
stream.  Our  limits  will  not  permit  us  to  follow  the  details  of  these  works, 
which  dili'er  so  essentially  from  any  in  our  own  country,  but  the  whole 
proceedings  appeared  to  be  given  with  such  precision,  that  the  paper, 
when  it  is  published  at  length,  with  the  copious  details  with  which  it  was 
illustrated,  will  form  a  most  interesting  portion  of  the  minutes  of  proceed- 
ings. 

The  second  part  of  the  paper  consisted  to  considerable  extent  of  a  trans- 
lation of  an  account  of  the  spurs,  groynes,  and  other  works  on  the  Moselle, 
for  restricting  the  dimensions  of  the  bed  of  that  river,  and  increasing  the 
depth  of  water,  so  as  to  enable  the  navigation  to  be  carried  on,  which 
would  otherwise  be  averted  in  the  low-water  seasons.  It  was  shown, 
that  to  eflTect  this,  numerous  arms  of  the  river  had  been  dammed  across, 
and  allowed  to  silt  up  ;  the  course  had  been  straightened,  elbows  had  been 
cut  off  and  the  convex  shores,  after  being  silted  up  by  deposit  between  the 
groynes,  were  defended  by  arming  of  fascines,  &c.  Division  banks  had 
been  established  for  the  inflowing  rivulets,  so  as  to  carry  the  gravel  to  a 
greater  distance  down  the  stream.  Rocks  also  were  removed  by  powder, 
and  weneral  improvements  to  such  an  extent  were  executed,  that  the  river 
was  comparatively  under  good  control. 

The  account  of  the  Rhine  was  then  resumed,  and,  after  detailing  the  va- 
rious plans  that  had  been  proposed  for  ameliorating  its  course,  giving  nu- 
merous interesting  and  valuable  tables  of  Blanken's  and  Bolstra's  expe- 
riments as  to  the  tides,  the  inclination  of  the  bed  of  the  various  rivers,  the 
duration  of  the  ebb  and  flow,  and  average  height  of  the  river  at  the  time 
of  new  and  full  moon,  the  height  of  various  dykes  above  the  extraordinary 
flood-line,  kc,  the  paper  finished  with  these  general  views  :— "  On  looking 
at  the  map  of  Holland,  and  tracing  its   various  streams,  it  certainly  does 
not  appear   singular  that  frequent  stoppages  should  take  place  in  that 
country,  whilst  such  occurrences  are  comparatively  rare  in  Germany  ;  for, 
as  long  as  the   Rhine  retains   its    single    course,   as   at   Emmerick,    no 
obstacfes,  excepting  elbows,  stay  the  progress  of  the  current  seawards  ; 
but,  as  soon  as  it  divides  at  the  Waal  and  Pannerden  Canal,  the  evil  com- 
mences and  increases,   according  to  the  number  of  arms  and  channels 
lower  down.     It  is  generally  agreed  that  a  river  should  have  as  few  out- 
lets as  possible,  in  order  to  allow  it  the  more  etVectually  to  clear  itself;  and 
that  the  tide  should  be  admitted  as  far  as  possible,  whilst  at  the  same  time, 
the  action  of  the  winds  should  be  diminished  ;  again,  that  the  more  the 
surface  yvater  of  any  river  is  obstructed,  the  more  quickly  the  sand  will 
accumulate  ;  and  also  that,  if  a  cut  be  made,  it  is  usual  for  ice  stoppages 
to  take  place  below  it,  so  as  to  raise  the  water-level  above  ;  and  it  is  also 
agreed,  that  if  a  cut  be  made,  as  capacious  as  the  river  itself,  or  be  per- 
mitted to  increase  to  that  extent,  it  will  soon  get  beyond  control,  whilst  the 
sand  will  accumulate  rapidly— and  that  when  openings  exist  in  dykes,  the 
ice  gets  into  eddies,  loses  its  velocity,  and  by  degrees  closes  up  the  pas- 
saTe  below  the  opening,  so  as  to  raise  the  water  above.    The  question, 
therefore,  to  be  solved  with  regard  to   Holland  and  the  system  followed 
there,  in  order  to  prevent  breaches  in  dykes,  and  to  save  the  better  part  of  the 
country  (taking  into   account  its  weak,  marshy  soil,  and  its  incapacity  to 
withstand  any  great  force),  is  whether  it  be  the  better  plan  to  relieve  the 
pressure  on  the  dykes,  by  cuts  and  new  channels,  and  local  floodings,  at 
the  expense  of  increasing  the  number  of  ice  stoppages;  and,  at  the  same 
time  diminishing  the  velocity  in  the  main  rivers,  thereby  greatly  augment- 
ing its  liability  to  accumulating  sand.     It  is  true,  as  already  stated,  that 
the  rivers  are  at  present  in  such  a  condition,  that  it  must  be  very  expensive 
to  effect  anything  of  importance  ;  but  the  question  is  of  such  vital  import- 
ance to  the  port  of  Rotterdam,  and  the  certainty  of  the  mouth  of  the  Meuse 
at  the  Brielle  in  the  course  of  time  closing  up  like  that  at  KaUvyk,  it  no 
improvement  be  attempted,  is  so  clear,  that  it  is  very  much  to  be  regretted 
some  steps  have  not  been  taken  ere  this  to  prevent  so  great  a  flow  of  water 
from  passing  out  by  the  Hollands  diep  to  Helloet." 

The  author  directs  the  attention  of  the  Institution  to  this  subject,  and 
.rives  the  following  points  for  the  consideration  of  the  members  :—  I  hat 
The  object  to  be  aimed  at,  in  any  steps  which  might  be  adopted  for  improv- 
ing the  Meuse  at  Rotterdam, should  be  toprotectand  strengthen  theshores 
and  dykes  likely  to  be  operated  upon  by  the  alterations  ;  to  straighten  all 
the  curves  on  the  Leek,  so  as  to  lessen  chances  of  ice  stoppages  ;  to  sepa- 
rate the  Waal  and  Meuse  waters  as  much  as  possible,  and  to  lead  oil  he 
former,  together  with  the  Leek,  into  the  sea  by  the  Brielle ;  to  narrow  the 
Bresbosch  channel  (now  divided)  into  one,  regulating  the  quantity  of  water  , 
to  close  the  Krabbe,  the  Noord,  and  the  Spry,  with  sluice  gates  ;  and 
for  the  purpose  of  widening  the  outlet,  to  join  the  Island  of  Rosenborg  to 
the  main  land  at  Vlaardingen-thereby  causing  the  ebb  water  to  act  upon 
this  island,  and  with  increased  velocity  and  an  additional  quantity  ot 
water,  attempting  to  remove  the  bar  and  shoals. 

Jl,ril  18.—"  Observations  on  the   Resistances  to  Railway  Trains  at  dtf- 
ferent  Velocities."     By  Mr.  D.  Gooch,  of  the  Great  Western  Railway. 


For  the  purpose  of  performing  the  experiments,  a  dynamometer  carriage 
was  constructed  at  Swindon,  in  which  all  the  results  required  were  registerea 


upon  a  large  scale,  on  the  same  roll  of  paper,  thus  exhibiting  at  one' 
and  in  the  same  period  of  time,  the  tractive  power  exerted  upon  ttie 


view, 
train, 

and  the  force  and  dirTction  oTthe'windT  the  registration  fJ^'i'^f^'J^f 
made  upon  the  paper  at  every  sixteenth  part  of  a  mile  and  the  t""^  was  re- 
gistered in  correspondence  with  the  distance  traversed  during  every  fifth  part 
of  a  second.  The  dynamometer  spring  used  ^'^^.^  ^.n.  long  and  verj 
carefully  arranged.  It  was  only  necessary  to  count  the  number  of  seco""?^' 
or  factions  of  a  second,  in  one  or  more  of  the  distance  divisions,  ana  the 
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speed  was  accurately  ascertained.  The  force  and  direction  of  the  wind  was 
ascertained  by  a  wind  gauge,  placed  5  feet  above  the  top  of  the  carriage, 
with  the  connections  brought  liown  tn  pencils  which  indicated  on  the  same 
sheet  all  the  results.  Indicator  cards  were  also  taken  simultaneously  from 
the  steam  cylinders  as  frequently  as  was  practicable,  but  not  continuously, 
as  it  was  a  service  of  some  danger,  tiie  experimenter  being  obliged  to  sit  on 
the  bulTer- beam  of  the  engine  at  a  velocity  of  00  miles  per  hour,  and  in  that 
windy  position  to  lake  ort'  four  sets  of  cards  in  three  quarters  of  a  minute. 
The  spot  selected  for  performing  the  experiments  was  one  mile  of  railway 
perfectly  straight  and  level,  and  nearly  on  the  surface  of  the  ground  ;  and  in 
the  plan  the  beiglit  of  the  trees,  hedges,  and  every  intervening  object  which 
could  affect  the  influence  of  the  wind  is  clearly  marked.  The  experimental 
train  consisted  of  lirst  and  second-class  carriages,  each  on  six  wheels,  4  feet 
diameter,  taken  indiscriminately  from  the  working  stock,  and  loaded  with 
iron  to  represent  a  fair  load  of  passengers,  giving  a  gross  weight  for  each  of 
10  tons.  The  experiments  were  tried  with  various  weights  and  speeds  up  to 
100  tons  and  to  02  miles  per  hour,  and  the  results  were  classified  and 
arranged  in  a  tabular  form,  with  copious  explanatory  headings,  so  as  to  ren- 
der reference  to  them  exceedingly  easy. 

The  author  first  reviewed  the  deductions  of  Mr.  Wyndham  Harding's  for- 
mula, which  was  given  at  the  discussion  at  the  Institution  in  1840,  and  gave 
his  reasons  for  dissenting  from  that  formula.  He  then  examined  critically 
several  experiments  recorded  in  the  tables,  stating  candidly  all  the  exceptions 
that  could  be  taken  to  them ;  showing  that  although  there  was  a  difference 
of  as  much  as  52  per  cent,  shown  between  the  resistance  as  calculated  by 
Mr.  Harding's  formnia  and  the  experiments  made  by  Mr.  Gooch,  that  dif- 
ference might  be  accounted  for  by  the  methods  employed  by  Mr.  Harding, 
which  were  objected  to,  as  calculated  to  produce  erroneous  results ;  viz., 
allowing  carriages  to  run  down  inclines  by  their  own  gravity,  using  wheels 
of  3  feet  diameter  instead  of  4  feet,  having  a  much  greater  length  of  train 
for  the  wind  to  act  upon,  &e.  He  reviewed  the  great  effect  of  a  side  wind 
against  a  train — driving  the  flanehes  of  the  wheels  against  the  rails ;  and 
argued  that  the  length  of  a  train  of  carriages  was  much  more  important  than 
its  own  weight.  The  author  did  not  offer  any  formula  that  should  be  appli- 
table  for  calculating  the  resistance  of  all  railway  trains;  but  his  tables  gave 
examples  of  almost  every  case  that  could  occur,  and  thence  data  could  be 
supplied  for  those  who  wished  to  carry  the  investigation  further,  and  make  a 
formula  for  themselves.  He  arrived  at  the  conclusion  that  in  practice  the 
friction  of  the  axle-journals  was  not  a  constant  quantity  at  all  speeds,  and 
thought  that  the  number  and  diameter  of  the  wheels  in  a  train,  in  proportion 
to  the  weight,  should  form  elements  in  any  general  formula.  He  showed  by 
experiments  that  the  total  atmospheric  resistance  to  a  train  weighing  50  ton's 
differed  but  slightly  from  that  to  a  train  of  100  tons  weight,  if  the  carriages 
■were  small  and  the  train  long  in  the  one  case,  and  the  reverse  in  the  other 
case. 

The  general  resuU  of  the  diagram  of  resistance  with  trains  of  100  tons  and 
with  50  tons  showed  that  the  resistance  calculated  by  the  narrow-gauge  for- 
mula with  a  50  ton  train,  at  G2^J  miles  per  hour,  was  37  lb.;  with  a  train  of 
100  tons,  by  the  same  formula,  at  01  miles,  it  was  311  lb.  The  broad  gauge 
resistance,  with  a  train  weighing  50  tons,  at  G2J  miles  per  hour,  was  under 
23  lb.  ;  and  with  a  train  weighing  100  tons,  at  01 J  miles  per  hour,  was  22J 
lb.  We  cannot,  of  course,  give  fully  the  lesults,  except  in  a  comprehensive 
form,  but  such  were  tlie  general  results. 

The  author  concluded  his  paper  by  saying  that  it  appeared  to  him  neces- 
sary, before  any  general  formula  for  calculating  the  resistances  to  railway 
trains  could  be  made,  that  the  value  of  the  following  elements,  necessary  In 
such  formula,  should  be  determined  by  experiments : — 

1.  The  axle-journal  friction,  at  different  velocities  and  with  different 
weights,  per  square  inch  of  journal  surface. 

2.  The  resistance  to  the  rotation  of  the  wheels  and  axles  per  pair  at  dif- 
ferent velocities  and  with  different  diameters. 

3.  The  resistance  due  to  the  rolling  of  the  wheels  upon  the  rails,  with  dif- 
ferent weights  upon  them,  and  with  different  diameters. 

4.  The  resistance  due  to  the  passage  of  (he  train  through  the  atmosphere, 
at  different  velocities,  with  different  proportions  of  weight,  and  length  and 
breadth  of  train. 

5.  The  resistance  due  to  the  oscillation  or  unsteady  motion  of  the  train, 
at  various  speeds. 

The  author  considers  that  all  these  values  might  be  determined  with  a 
considerable  degree  of  accuracy,  by  careful  experiment. 


SOCIETY  OF  ARTS,  LONDON. 

April  12.— Sir  ,J.   \'.  Boileau  in  the  Chair. 
Mr.  DiGiY  Wyatt,  architect,  read  a  paper  "  On  the  Art  of  Enamel,  An- 
cient and  Modern." 

The  paper  commenced  with  some  remarks  on  the  necessity  of  increasing 
the  resources  of  the  designers  of  uiilal  work,  by  eliecting  changes  in  the 
process  of  manufacture;  and  by  that  act,  producing  a  novelty  which 
might  possess  all  the  charm  of  freshness,  without  any  of  that  exirava. 


gance  so  constantly  resorted  to  in  the  attempt  to  produce  variety.  The 
art  of  enamel  presented  this  so  much  wished  for  desideratum,  whereby 
by  imitating  the  practice  of  the  mediaeval  artists  in  this  material,  we 
might  considerably  enrich  our  industrial  resources,  and  facilitate  the  exe- 
cution of  beautiful  works  of  utilitarian  art. 

After  a  hasty  description  of  the  composition  of  pure  enamel,  and  the 
nature  of  the  pigmeuts  usually  employed  to  colour  it,  Mr.  Wyatt  pro- 
ceeded to  enumerate  the  six  leading  varieties  which  had  been  adopted,  at 
various  periods  in  the  history  of  the  art,  to  unite  the  vitreous  paste  with 
its  metallic  base ;  endeavouring,  as  far  as  possible,  to  describe  each  genus 
in  tile  language  of  some  contemporary  authority.  The  first,  or  Byzantine 
process,  which  obtained  throughout  the  Eastern  empire,  from  probably 
the  time  of  Justinian,  down  to  about  the  year  1300,  was  illustrated  from 
the  particulars  furnished  by  Theophilus,  the  celebrated  artist  monk  of  the 
11th  or  12tli  century;  and  its  chief  peculiarity  appeared  to  have  been  the 
formation  of  casements,  or  cavities,  for  the  reception  of  the  enamel,  by 
means  of  gobi  filigree. 

The  second,  or  early  Limoges  style,  which  was  so  much  practised  in 
that  city,  from  probably  the  11th  century,  until  the  frightful  siege  and 
massacre  by  the  Black  Prince,  was  described  from  a  comparison  of  the 
admirable  notices  of  Mr.  Albert  May  with  those  of  MM.  Petit,  Dussieux, 
Pottier,  and  tlie  Abb^  Texier;  and  would  seem  to  have  substituted  for  the 
filigree  compartments  of  the  Byzantine  mode,  iucisions  in  the  thick  cop- 
per plate  by  the  graver. 

The  third,  or  early  Italian  mode,  practised  for  probably  some  50  years 
before  the  days  of  Ugolino  Veri,  the  artist  who  executed  the  celebrated 
shrine  in  Oevieto  Cathedral  in  the  year  1338,  and  carried  on  by  subsequent 
goldsmiths  and  enamellers  down  to  the  end  of  the  lOlh  century,  was  detailed 
from  descriptions  given  by  Vasari  and  Benvenuto  Cellini;  about  the 
middle  of  that  century  it  appears  to  have  held  a  midway  position  between 
the  ancient  champ  lere,  or  incised,  and  the  painted  enamels  afterwards 
produced,  consisting  in  engraving  silver  after  the  manner  of  medallic  relief, 
and  then  floating  it  over  with   variously  coloured  transparent  pastes. 

Benvenuto  was  said  to  have,  if  not  invented,  at  least  been  the  first  to 
describe  the  improvement  that  took  place  about  the  beginning  of  the  16th 
century,  in  the  art  which  constituted  what  Mr.  M  yatt  called  Jeweller's 
enamel.  It  consisted  in  using  as  a  vehicle,  with  the  glass  powder  employed 
to  cover  small  gold  or  silver  objects  in  the  round,  or  in  the  highest  relief, 
water  in  which  pips  of  pears  had  been  steeped.  This  held  the  paste  in 
its  place  until  vitrifaction  took  place,  and  was  yet  so  delicate  a  cement,  as 
in  no  degree  to  interfere  with  the  perfect  purity  of  the  enamel. 

The  fifth,  or  "  late  Limoges"  variety,  was  described  as  having  sprung 
at  once,  fully  armed,  from  the  brain  of  that  Jupiter  of  enamel  workers, 
Leonard  Limousin,  under  the  auspices  of  Francis  the  First,  and  differed 
from  its  predecessors  chiefly  in  covering  the  entire  surface  of  the  metal 
with  an  opaque  paste,  and  then  painting  on  it  with  transparent  colours ; 
regaining  the  efi'ect  of  a  translucent  ground  by  applying  silver  leaf  in  par- 
ticular situations,  fastening  it  with  a  glaze  of  colourless  enamel,  and  then 
tinting  over  it.  These  peculiarities,  as  well  as  the  pcinture  grisAtre, 
and  touching  with  gold,  were  illustrated  from  the  interesting  manuscripts 
published  by  M.  Maurice  Ardent,  of  Limoges.  This  style  appears  to 
have  dwindled  into  nonentity  under  the  hands  of  the  Nouailhers,  a  family 
who  lived  (they  can  scarcely  be  said  to  have  flourished)  during  the  latter 
part  of  the  17th  century. 

In  connection  with  the  detail  of  the  sixth  and  last  process — the  Miniature 
style — honourable  allusion  was  made  to  the  labours  of  Sir  Theodore  de 
iMayerue  (whose  interesting  manuscript  we  may  shortly  hope  to  see  pub- 
lished under  the  auspices  of  Mr.  Heindrie)  and  his  connection  with  Petitot, 
the  principal  and  best  known  of  this  school  of  art.  The  improvements 
effected  in  this  style  would  seem  to  h.ive  been  a  great  enrichment  of  the 
palette,  by  the  addition  of  new  pigments,  the  power  of  multiplying  the 
number  of  firings,  and  graduating  the  succession  of  tints,  tiieir  hardness, 
and  fusibility,  by  the  addition  of  fluxes,  etc.  Unhappily,  the  mystery 
many  selfish  artists  have  throvyn  over  their  modes  of  procedure,  renders 
them  exceedingly  difficult  to  analyse  or  describe. 

Mr.  Wyatt  then  commencing  with  Egypt,  gave  a  rapid  sketch  of  the 
history  of  the  art,  noting  the  barbaric  enamels  existent  in  the  North, 
probably  previous  to  the  Norman  conquests;  touching  on  the  connection 
between  the  Limoges  and  Byzantine  schools;  and  tracing,  though  neces- 
sarily very  briefly,  all  the  salient  points  in  its  existence,  both  as  a  manu- 
facture and  as  an  art,  in  our  own  and  other  countries.  He  glanced  at 
what  had  been  recently  done  in  the  off /iers  of  Wagner  and  Ruilolph, at  Paris, 
and  the  exquisite  paintings  of  Messrs.  Bone  and  Essex  ;  and  concluded  by 
expressing  an  earnest  hope  that  the  kno\^'ledge  of  art  possessed  by  those 
gentlemen  might  soon  be  grafted  on  the  skill  of  our  workmen,  and  that 
we  may  ere  long  adopt,  and  fully  carry  out,  the  old  practice  of  the  middle 
ages,  so  ably  characterised  by  the  Abbe  Texier,  in  his  eloquent  declara- 
tion that,  "  in  those  days,  Art  and  IMauufactures  were  blended  and  iden- 
tified ;  Art  gaining  by  the  alfiuily  great  practical  facility,  and  Manufac- 
ture  much  original  beauty," 


Sash  Line. — Messrs.  Newall  and  Co.  have  greatly  improved  their  patent 
copper  wire  cord,  utiicti  is  now  made  extrenit'ly  flexitJe.  luid  is  well  adapted  tor  window- 
sash- line,  hothouses,  lightning  eondiictors,  picture-cord,  cloclt-cord,  bell.tianginp,  and 
many  ottier  purposes  lor  uiiich  hempen  rope  has  hitherto  l)eeii  used ;  the  advantages 
being  that  it  is  cheaper,  much  more  diiraljle,  and  one-sixth  part  the  bullc  ot  hempen  rope. 
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COMPOSITION  OF  COAL  GAS. 

Extracts  from  a  lecture,  by  Dr.  A.  \V.  Hofmann,  delivered  at  the  Royal 
College  of  Chemistry,  Hunorer-square, 

The  composition  of  gas  evolved  in  tlie  distillation  of  coal  is  by  no 
means  constant ;  on  the  contrary,  it  vanes  to  a  considerable  extent,  de- 
pending principally  on  the  nature  of  the  coals,  the  presence  or  absence  of 
moisture,  and  the  temperature  at  which  the  distillation  takes  place.  The 
chief  elements  which  constitute  coal  are  carbon  and  hydrogen,  with 
small  quantities  of  nitrogen  and  oxygen  ;  and,  according  to  the  quality  of 
the  coal,  a  larger  or  smaller  amount  of  earthy  matter.  Another  frequent 
ingredient  is  sulphur.  This  sulphur  occurs  almost  invariably  in  combina- 
tion with  iron,  in  the  form  of  iron  pyrites.  The  quantity  in  which  it  exists 
varies  very  considerably  ;  many  kinds  of  coal  contain  so  large  an  amount 
that  they  become  altogether  useless  for  the  purpose  of  distilling  gas.  If 
coal  be  ignited,  and  atmospheric  air  excluded,  a  portion  of  its  elements  are 
evolved  as  gas,  and  the  remainder  become  coke.  The  gases  thus  evolved 
contain  carbon,  hydrogen,  nitrogen, oxygen,  and  sulphur.  None,  however, 
of  these  elements,  except  nitrogen,  are  found  in  an  uncombined  state  among 
the  products  of  the  distillation  of  coal. 

The  following  tables  show  the  different  combinations  into  which  these 
elements  enter  during  distillation.     These  combinations  are  very  numerous, 
and  are  divided  into  two  groups — viz. :  substances  which  are   solids  or 
liquids  at  the  ordinary  temperatures,  and  compounds  which  present  them- 
selves at  the  common  temperature  in  the  form  of  gas. 
COAL  GAS  NAPTHA. 
Acid  Portion. 
Hydrate  of  phenyle. .  ..  C12        ..         H6..02 

Neutral  Portion. 


Benzol 

C    12 

H  fi 

Toluol 

C    U 

H  a 

Cu/uol 

,, 

C     18 

H  12 

Napthaline 

C     20 

H  ft 

Paranapthaline 

c   ai) 

H  12 

Pyren 

.. 

C     1.) 

H  .) 

Chrysen     .. 

Basic 

C     12 

Portion. 

H  4 

Aniline 

C     12 

H  7     . 

N  1 

Picoline     .. 

C     12 

H  7     . 

N 

Leucolioe  .. 

C     18 

H  8     . 

N 

NOTE. — The  letters  represent — C,  carbon:  H,  hydrogen;  O,  oxygen;  N,  nitrogen, 
and  so  on;  the  figures  designate  the  number  of  atoms  of  xrhich  each  volume  is  com- 
posed— thus,  one  atom  of  aniline  contains  12  atoms  of  carbon,  7  of  hydrogen,  and  I  of 
nitrogen. 

The  above  series  of  substances  are  each  of  them  highly  interesting  to 
the  scientific  chemist,  whilst  several  are  likely  to  become  of  high  practical 
utility.  These  substances,  along  with  others  which  are  little  known, 
constitute  the  complex  viscid  mixture  called  "tar;"  and  it  is  rather  sin- 
gular that  many  of  them,  in  their  separate  form,  are  oils,  possessing  the 
most  delightful  odours. 

The  second  table  exhibits  the  different  constituents  of  the  gaseous  pro- 
ducts of  the  distillation  of  coal,  as  follows  : — 

CONSTITUENTS   OF  COAL  GAS. 

Name  of  Constituent.         Proportions.     Spec.  Gray.  Products  of  Combustion. 


0-OUOl 


Water. 

V'ater  and  carbonic  acid. 


Incombustible  gases. 


Hydrogen  . .         . .  H 

Light  carburetted  hydrogen  C      H  2  0-5J28    ..      "] 

Oliliant  gas        ..         ..  C     H      l  o;i6"4  r^^' 

Volatile  hydrocarbons..  CnHnJ  '    '       ..      J 

Carbonic   oxide..         ..  CO  0-;tf.r4     ..         Carbonic  acid. 

Cyanogen  ..         ..  C2N  l"bolO     ..         Carbonic  acid  and  nitrogen. 

Sulphide   of  carbon     ..  C     S2  ..         Ciirbonic  acid  and  sulph.  acid. 

Sulphuretted   hydrogen  H     S  2'0620     ..         Water  and  sulphureous  acid. 

Ammonia  ..         ..  H     H3  0"58i)7     ..         M'ater  and  nitrogen. 

Sulphureous  acid  ..  SO  2'2114    ..  ^—^ 

Hydrochloric  acid        . .  H     C  1  

Aqueous  vapour  ..  HO  

Nitrogen  ..  ..  N  Oft'.'O 

Carbonic  acid     ..  ..  C     02  1-5203 

In  this  table,  the  first  is  hydrogen,  one  of  the  constituents  of  water. 
From  it  is  obtained  a  colourless  transparent  gas,  remarkable  for  its  low 
specific  gravity,  being  one  of  the  lightest  substances  known.  It  burns 
with  a  pale  IJame,  requiring  I  a  volume  of  oxygen,  or  2i  volumes  of  at- 
mospheric air,  for  its  combustion.  It  is  not,  however,  the  luminous  prin- 
ciple of  coal  gas.  The  next,  light  carburetted  hydrogen,  or  tnarsk  gas,  is 
a  compound,  combining  a  proportion  of  carbon  with  two  equivalents  of 
hydrogen  (C  H  2).  This  gas,  along  with  carbonic  acid,  is  produced  by 
the  putrefaction  of  vegetable  substances  under  water — hence  its  name  of 
7narshffas.  It  burns  with  a  pale  bluish  Hanie,  rather  more  substantial  than 
that  of  hydrogen — though  it  is  also  evident  that  it  could  not  be,  any  more 
than  the  othei,  the  illuminating  principle  of  coal  gas.  The  chief  consti- 
tuent of  coal  gas  is  oiejiant  gas — a  name  derived  from  its  property 
of  producing,  when  in  contact  with  chlorine  at  the  common  temperature,  a 
peculiar  aromatic  oil  (of  which  a  specimen  was  exhibited).  It  very  much 
resembles  chloroform,  and  no  doubt  but  that  it  has  also  the  same  remark- 
able properties.  It  is  far  richer  in  carbon  than  marsh  gas,  the  per  centage 
of  the  latter  being  only  73,  while  that  of  the  former  is  more  than  85. 
Oleliant  gas  burns  with  a  beautifully  brilliant  flame,  and  constitutes  the 
true  illuminatiug  principle  of  coal  gas.  It  requires  for  combustion  to  one 
volume  of  olefiant  gas,  three  of  oxygen,  or  15  of  atmospheric  air.  Marsh 
gas  is  composed  of  one  atom  of  carbon,  and  two  of  hydrogen ;  while 
olefiant  gas  combines  the  two  in  equal  quantities.     There  is,  therefore,  a 


large  amount  of  catbon  in  this  gas,  which  may  be  proved  in  a  striking 
manner,  by  lighting  an  admixture  of  one  volume  of  olefiant  gas  with  two 
of  chlorine,  which  will  produce  hydrochloric  acid,  and  deposit  all  the 
carbon  contained  in  the  gas  in  a  cylinder,  in  the  form  of  a  dense  smoke, 
which  renders  the  gas  perfectly  opaque. 

Volatile  hydro-carbons  was  the  next  constituent,  but  with  respect  to 
which,  at  present,  there  was  not  much  known.  The  first  table  contained 
the  names  of  several  substances  which  had  been  extracted  from  the  liquid 
products  of  the  distillation  of  coal,  called  tar.  These  substances  differed 
much  with  regard  to  their  physical  properties — some  of  them  boiling  only 
at  very  high  temperatures,  while  others  volatilised  at  a  heat  far  below  that 
of  boiling  water.  It  was  evident,  then,  that  the  gas,  generated  along  with  these 
liquids  in  the  retort,  would  carry  off  a  certain  quantity  of  these  hydro-carbons 
— varying  with  the  distance  from  the  works  at  which  the  gas  was  examined. 
The  great  importance  of  these  hydro-carbons  in  the  luminous  effects  of  coal 
gas  would  become  obvious  if  their  comnosition  were  considered.  Benzol,  for 
instance,  contained  not  less  than  92  per  cent,  of  carbon,  a  far  greater 
amount  than  that  of  even  olefiant  gas  itself.  This  was  proved  by  in- 
flaming a  small  quantity  of  the  liquid,  so  as  to  allow  it  an  insuflicient 
quantity  of  oxygen  for  complete  combustion  ;  and,  in  this  way,  a  large 
portion  of  the  carbon  was  separated.  When  mixed  with  a  due  amount 
of  oxygen,  the  combustion  of  this  liquid  afforded  a  splendid  light. — 
— [The  talented  lecturer  showed  this,  by  passing  a  current  of  atmospheric 
air  through  the  lighted  benzol ;  and  also  illustrated  the  peculiarly  rich  il- 
luminating power  of  this  vapour,  by  passing  it  through  the  pale  and  almost 
invisible  flame  of  hydrogen,  which,  when  thus  combined,  gave  out  a  volume 
of  light,  which  gradually  and  steadily  increased  in  vividness,  until  the  eye 
could  no  longer  bear  its  dazzling  brightness.] 

Carbonic  oxide  was  the  next  constituent.  Carbon  combined  with  oxygen 
in  two  proportions,  forming  two  compound  gases ;  the  one  containing  the 
smallest  proportion  of  oxygen  was  called  carbonic  oxide;  and  the  other, 
containing  the  largest  proportion,  carbonic  acid,  which  appeared  as  the  last 
item  in  the  table.  Both  these  gases  were  colourless,  but  their  properties  ex- 
hibited a  striking  difference.  Carbonic  acid  was  not  inflammable,  whilst 
carbonic  oxide  burnt  with  a  pale  blue  flame,  of  little  or  no  luminous  power. 
Again,  the  latter  was  quite  insoluble  in  water,  while  the  former  dissolved, 
particularly  when  the  water  contained  a  little  alkali,  so  rapidly  as  to  form  a 
vacuum. — [This  was  illustrated  by  experiment.]  This  solubility  rendered 
easy  the  removal  of  carbonic  acid  from  coal  gas ;  but  no  method  had  been 
discovered  of  separating  carbonic  oxide,  which  burns  with  gas,  though  it 
adds  nothing  to  its  illuminating  power. 

The  other  gases  were  produced  in  the  distillation  of  coal  gas  in  very 
small  quantities ;  he  should,  therefore,  only  briefly  notice  them.  There 
were  two  more  compounds  of  carbons — the  one  with  nitrogen,  and  the 
other  with  sulphur;  the  former  of  these  were  called  cyanogen  and  the  latter 
sulphide  of  carbon.  Cyanogen  was  distinguished  by  its  beautiful  violet 
flame — carbonic  acid  being  produced  in  its  combustion,  and  nitrogen  set 
free.  It  was  also  remarkable  for  its  solubility  in  alkalies — cyanide  of 
potassium  being  produced,  which,  with  ironsalts,  yielded  Prussian  blue. 
This  gas  occurred  in  coal  gas  in  such  small  quantities,  that  its  presence 
might,  for  a  long  time,  have  remained  unknown,  but  for  the  very  delicate 
test  chemists  possessed  for  cyanogen,  by  which  the  smallest  traces  could  he 
detected.  Sulphide  of  carbon  was  highly  inflammable,  burning  with  a  blue 
flame,  and  producing  carbonic  and  sulphureous  acids.  These  substances  had 
been  actually  found  in  coal  gas,  though  they  were  by  no  means  produced 
from  every  kind  of  coal. 

Sulphuretted  hydrogen  viislhe  next  substanceon  thelist;  it  was,however, 
invaiiably  generated,  and  that  too  frequently  inconsiderable  quantities.  Sul- 
phurets  of  iron,  or  iron  pyrites,  which  were  disseminated  through  the  mass 
of  the  coal,  was  the  source  of  this  gas;  and  its  quantity,  therefore,  de- 
pended upon  the  amount  of  that  mineral  in  the  coal.  Sulphuretted  hydro- 
gen was  also  the  offensive  piinciple  in  the  exhalations  from  putrefying  sub- 
stances containing  sulphur.  Sulphuretted  hydrogen  was  a  colourless  gas, 
burning  with  a  pale  blue  flame  ;  it  had  not  only  a  most  offensive  odour,  but 
produced  a  most  deleterious  effect  upon  health,  even  when  mixed  with  a 
large  proportion  of  atmospheric  air.  He  had  frequently  witnessed,  in  the 
laboratory,  fainting  produced  by  the  inspiration  of  this  gas  incautiously. 
Professor  Faraday  iiad  proved,  that  a  dog  would  die  in  an  atmosphere  of  which 
l-800th  only  was  tliis  gas ;  and  that  a  bird  coidd  not  exist  if  the  gas  formed 
only  l-lj06th  of  its  breathing  medium.  Fortunately,  this  gas  was  con- 
verted, by  combustion,  into  sulphureous  acid,  which  was  very  much  less 
dangerous  and  offensive.  It  was  necessary,  however,  in  making  coal  gas, 
to  obliterate  every  trace  of  sulphuretted  hydrogen,  for  the  sulphureous  acid 
it  produced,  although  far  less  injurious,  independently  of  its  effect  upon 
health,  attacked  very  readily  every  metallic  surface.  Besides,  the  small 
quantity  of  sulphuretted  hydrogen  which  would  escape  unburnt  between  the 
turning  of  the  cock  and  the  ignition  of  the  gas  at  the  burner,  and  by  leak- 
age, was  sufficient  to  destroy  lead,  painted,  gilt,  or  silvered  articles,  in  a  very 
short  time.  The  presence  of  sulphuretted  hydrogen  might  easily  be  de- 
tected in  gas,  by  submitting  a  piece  of  paper,  moistened  with  the  solution 
of  acetate  of  lead,  to  the  gas  uninflamed. 

.Immonia  was  another  product,  largely  found  in  the  distillation  of  coal 
gas,  into  which  nearly  all  the  nitrogen  contained  in  coal  was  converted. 
Ammonia  was  a  colourless  gas,  which,  of  itself,  was  very  diflicult  to  inflame, 
though,  when  mixed  with  other  combustible  gases,  it  was  entirely  consum- 
able.    Respecting  the  products  of  the  combustion  of  ammonia,  accurate 
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experiments  were  still  v. eating.  According  to  all  known  analogies,  they 
■were  certainly  water  and  nitrogen.  Many  works  had  stated  that  nitric  acid 
■was  also  produced  ;  hut  he  could  find  no  actual  grounds  for  this ;  and  he 
believed,  like  many  other  such  statements,  it  had  been  copied  from  work  to 
■work,  and  repeated  until  it  had  become  received  as  a  well-established  fact, 
without  the  slightest  claim  to  such  a  consideration.  In  all  his  experiments,  he 
had  never  been  able  to  finil  the  smallest  trace  of  nitric  acid.  Ammoniacal 
gas  was  very  soluble  in  water,  more  so  still  in  acids.  The  great  avidity 
with  which  it  was  thus  absorbed,  rendered  its  separation  from  coal  gas  very 
easy. 

Sulphureous  acid  was  the  product  of  the  combustion  of  sulphur  in  the 
coal;  and  hydrochloric  acid  from  the  decomposition  of  some  chlorides, 
when  they  were  present  in  the  coal.  Jr/iieons  vapour  was  the  result  of 
moisture  in  the  coal.  The  niiror/en  in  coal  gas  was  the  residue  of  the  at- 
mospheric air  contained  in  the  retort — the  oxygen  of  which  was  expended 
in  converting  a  portion  of  the  carbon  and  sulphur  of  the  coal  into  carbonic 
oxide,  carbonic  acid,  and  sulphureous  acid.  Nitrogen  was  a  colourless, 
transparent,  and  incombustible  gas,  which,  being  soluble  neither  in  acids  nor 
■water,  could  not  be  separated  from  the  coal  gas.  Carbonic  acid  had  been 
considered  with  carbonic  oxide,  and  that  completed  the  whole  of  the  con- 
stituents  of  coal  gas. 

The  illiimmatin(j  principles  of  coal  gas  were  olefiant  gas  and  the  vapours 
of  volatile  hydro-carbons :  there  were  also  three  other  gases  burning  in  the 
coal-gas  flame — namely,  hydrogen  gas,  carburetted  hydrogen  or  marsh  gas, 
and  carbonic  oxide.  Besides  these,  the  gas  which  we  actually  burn  might 
contain  traces  of  sulphuret  of  carbon  and  nitrogen — all  the  rest  having 
been,  or  ought  to  have  been,  perfectly  separated  in  the  dirt'erent  processes 
of  purification  which  the  gas  had  to  undergo.  During  the  progress  of  the 
foregoing  short  description,  the  audience  had  already  become  acquainted 
with  the  manner  in  which  these  constituents  singly  burnt,  but  they  would 
best  obtain  a  correct  idea  of  the  contribution  afforded  by  each,  and  the  illu- 
minating power  of  coal  gas,  if  they  were  all  lighted  at  once. — [Dr.  Hofmann 
then  lighted  the  burners  attached  to  the  vessels  containing  the  separate 
constituents,  so  as  to  afford  a  view,  at  the  same  moment,  of  all  the  various 
flames.] 

By  the  process  of  purification  which  coal  gas  underwent  before  it  was  fit 
for  use,  the  cyanogen  compounds,  the  sulphuretted  hydrogen,  the  ammonia, 
the  sulphureous  acid,  and  the  hydro-chloric  and  carbonic  acids,  were  sepa- 
rated ;  and  he  proceeded  to  illustrate  this  process  by  passing  coal  gas,  con- 
taining several  of  the  above  gases,  through  Itme  water  mixed  with  a  little 
potash  ;  after  which  the  liquid,  which  before  was  tolerably  clear,  became 
quite  turgid,  and  the  gas  no  longer  contained  the  deleterious  constituents. 

The  lecturer  then  proceeded  to  devote  a  few  moments  to  describing  the 
manner  in  which  the  distillation  was  effected  on  a  large  scale.  In  the 
infancy  of  the  manufacture,  the  coals  were  distilled  in  iron  pots,  but  now 
iron  vessels  of  a  cylindrical  form  were  used.  These  were  placed  horizontally 
in  a  furnace — one  fire  heating  five  of  these  retorts.  The  shape  of  the  cy- 
linders was  not  unimportant;  and,  after  various  changes,  ear-shaped  cylin- 
ders were  now  generally  preferred — its  heating  surface  being  greater  than 
that  of  any  other.  The  front  of  the  retort,  or  mouth-piece,  as  it  was  tech- 
nically called,  was  fixed  by  screws — iron  cement  being  placed  between  the 
flanges  to  render  it  air-tight. —  [These  arrangements,  as  well  as  that  by 
■which  the  lid  was  fixed,  were  illustrated  by  drawings  and  a  model.]  The 
lid  being  fixed,  the  gas  passed  through  a  system  of  pipes  into  what  was 
called  the  hydraulic  main — a  long,  wide,  horizontal  pipe,  half  filled  with 
■water.  Each  retort  was  thus  perfectly  isolated,  and  the  end  of  the  pipe 
being  kept  immersed  in  the  water  in  the  hydraulic  main,  any  one  of  them 
might  be  opened,  in  order  to  charge  it  afresh,  without  fear  of  the  gas  al- 
ready generated  rushing  back  through  the  opening.  The  temperature  of  the 
hydraulic  main  being  comparatively  low,  a  large  quantity  of  tar  and  ammo- 
niacal water  was  collected  in  this  tube,  which  flowed  into  cisterns  erected 
for  the  purpose.  From  the  hydraulic  main  the  gas  passed  into  a  system  of 
refrigerating  pipes — the  temperature  of  which  was  kept  low  by  a  constant 
current  of  water,  whereby  another  quantity  of  tar  and  ammoniac  was  sepa- 
rated. The  gas  entered  next  into  the  purifiers,  respecting  which  he  could 
not  now  enter  into  the  various  ingenious  contrivances  proposed  by  various 
clever  gas  engineers  and  chemists.  It  would,  perhaps,  suffice,  if  he  stated 
merely,  that  now  the  gas  was  forced  through  hydrate  of  lime,  merely 
moistened  with  water. 

In  conclusion,  he  begged  to  offer  some  general  remarks  upon  the  combus- 
tion of  coal  gas.  In  enumerating  the  constituents  of  coal  gas,  he  had 
pointed  out  those  compounds  which  must  be  considered  as  impurities,  and 
which  must  be  separated  before  combustion  took  place ;  but,  at  the  same 
time,  there  were  others,  contributing  little  or  nothing  to  the  illuminating 
power  of  the  gas,  which,  when  once  formed,  could  not  be  separated  from 
the  gas.  These  were  hydrogen,  marsh  gas,  and  carbonic  oxide.  Were 
these,  then,  to  be  considered  also  as  impurities  ?  If  the  gas  were  used  for 
illuminating  purposes,  to  a  certain  extent  at  least,  they  must  be  considered 
as  impurities,  because  they  were  burnt,  and  in  their  combustion,  a  large 
amount  of  beat  was  evolved  ;  the  products  of  their  combustion  impaired 
the  salubrity  of  the  atmosphere  in  which  such  a  light  was  burning,  and  no 
actual  benefit  or  increase  to  the  illuminating  power  was  derived  from  them. 
If,  then,  there  were  no  means  of  separating  these  substances  when  once 
formed,  an  effort  should  be  made  to  prevent  their  formation.  With  regard 
to  carbonic  oxide,  it  would  be  difficult  to  find  a  method  which  secured  us 
against  its  formation — the  entrance  of  the  retort,  when  being  charged,  being 


in  commnuieation  with  the  atmosphere.  It  was,  however,  in  the  power  of 
the  gas  manufacturer  to  diminish  the  amount  of  caiburetted  hydrogtn,  and 
especially  of  hydrogen.  If  the  temperature  of  the  retort  were  too  high,  a 
large  quantify  of  the  olefiant  gas  contained  in  the  coal  would  be  converted 
into  marsh  gas,  or  even  into  hydrogen.  That  this  was  often  actually  the 
case,  appeared  in  a  most  striking  manner,  from  the  following  analysis,  made 
long  ago,  by  Dr.  Henry,  of  coal  gas  made  from  M'igan  coal : — 

Analysis  of  Gas  from  Wigan  Cannel  Coal 
Time  of  Specific         C  H,  or  ole-         C  H'.',  or         C  O.  H.  N. 

Collection.  pravity.  fiant  gas.  marsh  gas. 

In  the  nrst  hour     ..       L.„^,„         _         ,^,        __         ;.,  ,,,    __     g.g       ^.3 

lU-KUt       ..  12        ..         .IS  ..        12-:i     ..    IB  1-7 

5 -I  Hours     after     the  /  il-,-ilio       ..  7        ..        .'iii  ..       U       ..    21-3      4^7 

10/    commencement. .  Ul^.-U.-)        ..  0        ..         21)  ..        10        ..    fiO      10 

It  would  be  seen  by  this  table,  that  it  was  of  the  greatest  importance  that 
the  heat  in  the  manufacture  of  gas  should  not  be  carried  to  too  great  an 
extent.  In  the  first  hour,  12  parts  of  olefiant  gas,  and  72  of  marsh  gas, 
were  evolved— while  only  eight  of  hydrogen  were  generated.  At  the  end  of 
10  hours,  not  a  vestige  of  olefiant  gas  was  traceable ;  while  the  hydrogen 
amounted  to  60 — evidently  the  consequence  of  the  olefiant  gas  being  de- 
composed by  the  excess  of  heat.  It  had  been  found  that,  if  pure  olefiant 
gas  were  passed  through  a  particular  temperature  it  became  changed  into 
light  carburetted  hydrogen  and  carbon.  The  ratio- of  this  decomposition 
was  as  follows : — 

C2  H2  =C  H2  +  C,  C  H2  =  H2  -f  C 
So  that  it  would  be  seen,  that  by  a  judicious  arrangement  of  the  heat  of  the 
retorts,  the  production  of  hydrogen  and  light  carburetted  hydrogen,  which 
increased  the  bulk  without  increasing  the  illuminating  power,  might  be  kept 
within  certain  limits.  A  very  small  quantity  of  these  substances  might  be 
present  in  coal  gas  without  injurious  eflfects,  as  they  then  served  for  the  sus- 
pension of  the  vapours  of  the  oily  hydro-carbons.  A  mixture,  indeed,  of 
these  vapours  with  carburetted  hydrogen,  in  due  proportions,  might  be  con- 
sidered as  an  equivalent  to  olefiant  gas.  Benzol,  for  instance,  contained 
92  per  cent,  of  carbon ;  while  olefiant  gas  itself  contained  only  85  per  cent., 
and  carburetted  hydrogen  only  7S  per  cent. ;  and,  therefore,  by  an  admixture 
of  the  latter  with  benzol,  the  illuminating  power  of  olefiant  gas  might  be 
obtained.  Here,  again,  he  would  mention  the  beautiful  process  proposed  by 
Mr.  Low,  for  increasing  the  illuminating  power  of  coal  gas,  as  based  upoti 
the  most  scientific  principles.  If  he  wanted  to  express  its  nature  in  a  sen- 
tence, he  should  say  it  was  a  process  for  converting  a  mixture  of  hydrogen 
and  light  carburetted  hydrogen,  by  passing  it  through  naptha,  into  olefiant 
gas. 

This  naturally  led  to  the  question — Why  did  hydrogen  possess  no  illumi- 
nating power  at  all  ?  and  why  was  the  illuminating  power  of  marsh  gas  so 
far  short  of  the  beautiful  light  produced  by  a  jet  of  olefiant  gas  ? — and, 
briefly,  in  what  consisted  the  illuminating  power  of  olefiant  gas  ?  The  il- 
luminating power  of  gas  depended  upon  a  portion  of  it  being  separated  in 
the  solid  form,  which,  being  deposited  at  a  certain  distance  between  the 
orifice  of  the  burner  and  the  rim  of  the  flame,  entered  into  a  state  of  igni- 
tion, from  which  the  light  emanated.  Now,  the  composition  of  coal  gas 
was  such,  that  if  it  were  allowed  to  issue  from  a  convenient  burner,  a  com- 
plete combustion  of  the  hydrogen  was  obtained,  but  only  a  partial  one  of 
the  carbon.  Another  portion  was  separated — that  which  entered  into  a 
state  of  ignition  being  heated  to  a  white  heat  before  it  reached  at  sufficient 
temperature  for  its  combustion. 

In  the  flame  of  coal  gas,  three  different  parts,  or  cones,  might  be  distin- 
guished. Immediately  over  the  burner,  it  was  principally  hydrogen  which 
was  burnt,  along  with  a  little  carbon,  whilst  the  main  portion  of  the  carbon 
being  thus  set  free,  was  ignited  in  the  second  cone,  and  consumed  with  the 
rest  of  the  hydrogen  in  the  outer  flame.  By  a  simple  arrangement,  the  illu- 
minating power  of  the  coal  gas  might  be  destroyed  altogether — namely,  by 
mixing  it,  previous  to  combustion,  with  a  sufficient  amount  of  air  to  produce 
a  complete  combustion.  The  illuminating  power  of  coal  gas — and,  in  fact, 
of  any  flame — depended  entirely  upon  the  deposition  of  a  fixed  body  in  the 
flame.  It  was  by  no  means  necessary  that  this  body  shoidd  be  carbon.  It 
might  be  anything  else — such  as  lime,  iron,  &c. —  [The  talented  lecturer 
then  rendered  the  flame  of  hydrogen  luminous,  by  passing  through  it  a 
chloro-chromic  acid  ;  and  this  interesting  lecture  was  concluded  by  several 
clever  experiments,  illustrative  of  the  various  subjects  it  embraced.] — 
Mining  Journal. 


STEAM  ■W^ORKING  EXPANSIVELY. 

On  the  Iiifumrc  if  Tiiipid  Mntinn  of  the  Pi>:ton  upon  the  Effect  of 
Stennt  in  Engines  jrorkiug  E.rpinisive/y :  with  Ejcperimentu  upon  the 
.luhjert.  By  M.  1'althinebi. — (Translated  for  tlie  Jonruul  of  the 
Franklin  Institute.) 

The  researches  ami  iiunierotis  experiments  whicli  I  have  made 
upon  the  application  of  motive  power  to  machines,  and  particularly 
my  e.tperiments  upon  the  effect  of  springs,  have  convinced  me  that 
in  the  expansion  of  steam  there  is  a  loss  of  power :  a  loss  which 
should  have  a  certain  relation  to  the  number  of  superimposed  strata 
of  steam  which  occupy  the  cylinder,  from  its  bottom  to  tlie  piston. 
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These  strata,  iiioviug  with  the  piston,  shoiihl  naturally  develope 
themselves,  in  order  to  follow  and  push  it;  and  it  is  in  this  de- 
velopment of  strata,  one  after  the  other,  that  the  steam  must  em- 
ploy a  portion  of  its  force,  a  portion  which  is  certainly  lost  to  the 
engine.  The  greater  the  numher  of  strata,  the  more  rapid  is  their 
development ;  and  the  more  power  that  is  thus  absorbed,  the  less 
will  there  remain  for  useful  effect. 

Suppose  the  steam  introduced  into  a  cylinder  to  be  intercepted 
at  the  moment  « hen  the  piston  has  reached  a  fourtli  or  a  third 
part  of  its  stroke,  to  give  place  to  the  expansion  :  from  this  mo- 
ment we  may  imagine  the  fluid  mass  di\ided  iuto  a  determinate 
number  of  successive  parallel  strata,  and  lieginning  to  develope 
and  expand  themselves  to  drive  the  piston  and  follow  it.  It  will 
then  be  apparent  that  the  stratum  nearest  the  piston  will,  without 
doubt,  be  able  to  exert  upon  it  all  its  effort,  and  all  the  rapidity  of 
which  it  is  capable ;  but  it  will  be  also  apparent  that  the  one  which 
follows  cannot  do  as  much,  because  the  preceding  stratum  con- 
strains it,  by  pushing  it  backwards  at  the  same  time  that  it  forces 
the  piston  forwards.  By  its  condition  as  an  elastic  fluid,  steam 
should  naturally  expand  every  way,  and  maintain  at  the  same  time, 
as  is  admitted,  a  uniform  density  throughout  its  volume — conse- 
<juently,  the  stratum  which  dri\-es  the  piston  on  one  side,  repels, 
on  the  otlier,  at  the  same  time,  the  stratum  wliicli  follows  it, 
although  allowing  itself  to  be  penetrated  liy  it ;  the  latter  repels 
the  one  whicli  follows  it,  and  so  on  to  the  last,  which  is  at  the  bot- 
tom of  tlie  cylinder. 

There  must,  therefore,  be  a  collision  between  one  stratum  and 
anothei-,  on  account  of  the  difference  in  their  ^■elocities,  and  of  the 
necessary  compenetration  of  one  stratum  into  another,  in  order 
that  the'uniformity  of  density  may  be  maintained.  This  collision 
must  evidently  produce  a  loss  of  power — a  loss  Mhich  should  be 
proportional  to  the  differences  of  the  velocities,  and  which  will  be 
the  more  considerable  according  as  the  number  of  successive  strata 
is  increased,  and  as  the  expansion  takes  place  more  (juickl)'. 

It  is  from  these  considerations,  conffrmed  by  the  results  of  ex- 
periments upon  the  effect  of  helical  springs,  that  I  am  persuaded 
that  a  given  quantity  of  steam,  working  by  expansion,  will  produce 
more  disposable  and  useful  effect  acting  upon  a  ])iston  of  a  large 
surface  and  short  stroke,  than  upon  a  piston  of  smaller  surface  and 
with  a  stroke  proportionably  longer,  all  other  circumstances  being 
equal.  Desirous  of  determining  the  truth  of  this  opinion  by  rigo- 
rous experiment,  I  caused  two  steam-engines  to  be  constructed 
under  conditions  strictly  equal,  and  calculated  to  produce  the  same 
dynamic  effect,  according  to  admitted  principles.  But  in  one  of 
them,  the  relation  of  the  surface  of  the  piston  to  the  length  of  the 
stroke  was  in  an  inverse  ratio  to  that  of  the  other  :  that  is,  if  one 
of  the  pistons  had  a  surface  of  20  and  a  stroke  of  24,  the  other  had 
a  surface  of  80  and  a  stroke  of  6  ;  so  that  the  volume  produced  by 
the  movement  of  one  piston  is  precisely  equal  to  that  of  the  other. 
There  is,  therefore,  exactly  the  same  quantity  of  steam  entering 
and  leaving  the  two  cylinders  at  each  stroke  of  the  piston,  and, 
consequently,  when  the  number  of  strokes  is  the  same,  in  a  given 
time,  in  each  of  the  two  engines,  it  ought  to  be  certain  that  there 
is  the  same  volume  of  steam,  in  the  same  physical  and  mechanical 
conditions,  used  by  each  cylinder.  These  experiments,  of  which  a 
table  is  given,  were  made  w  ith  all  possible  precaution,  in  order  that 
all  the  conditions  of  the  apparatus  should  be  identically  the  same  ; 
they  were  repeated  several  times,  on  different  days,  and  in  the 
presence  of  several  competent  persons. 

The  following  table  shows  the  mean  of  the  results  obtained  in 
several  series  of  experiments,  the  apparatus  being  always  kept 
under  the  same  conditions  : — 
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The  numbers  in  this  table  will  show,  at  a  glance,  the  difference 
of  effect  between  the  two  engines.  Although  every  precaution  was 
taken  to  avoid  error  in  tlie  measurements  and  observations,  and 
though  the  numbers  in  the  table  only  show  tlie  mean  result  of 
several  series  of  experiments,  I  do  not  assert  tltat  the  ratios  there 
given  are  strictly  those  which  should  result  from  the  physical  law 
of  this  phenomenon.  New  experiments,  with  engines  of  greater 
power,  and  an  exact  calculation  with  regard  to  the  results  obtained, 
can  alone  establish,  with  the  accuracy  desirable,  all  these  relations. 
I  believe,  however,  that  the  reasoning  upon  which  my  opinion  is 
founded,  and  the  results  of  the  experiments  which  go  to  confirm  it, 
authorise  me  to  make  the  following  conclusions  : — 

1.  That  the  velocity  of  the  piston  has  a  much  moie  remarkable 
influence  upon  the  useful  effect  of  steam  than  has  been  heretofore 
supposed. 

2.  That  this  influence  is  very  greatly  increased,  and  according 
to  a  certain  ratio,  on  account  of  the  amount  of  expansion  which  is 
allowed  to  the  steam  ;  the  greater  being  the  expansion,  the  greater 
is  the  tlifference  of  effect. 

3.  That  in  order  to  obtain  from  steam  the  greatest  amount  of 
useful  effect,  it  is  necessary  to  use  cylinders  as  wide  and  short  as 
may  be  practically  convenient,  and  that  the  piston  should  move  at 
a  very  low  velocity. 

It  is  certainly  not  unknown  that  the  effect  of  steam  has  a  rela- 
tion to  the  velocity  of  the  piston ;  but  it  has  not  yet,  so  far  as  I 
know,  been  recognised  that  the  velocity  of  the  piston  has  a  parti- 
cular and  considerable  influence  upon  the  effect  of  the  expansion  ; 
and  I  believe  myself  to  be  the  first  who  has  directed  attention  to 
this  subject,  and  who  has  sought  to  demonstrate  the  truth  by  ex- 
periment. Tlie  numbers  in  the  table  show,  iu  effect,  very  con- 
siderable differences,  although  the  velocities  of  the  two  pistons 
appear  only  in  the  ratio  of  1  to  i.  The  experiments  mentioned 
have  manifested  two  other  phenomena  which  have  attracted  my 
attention,  and  wltich  I  recommend  to  the  notice  of  scientific  per- 
sons :  the  first  is,  that  in  the  engines  which  I  used,  and  when  they 
were  worked  by  expansion,  the  pistons  were  compelled,  in  some  of 
the  experiments,  to  complete  their  stroke  while  having  against 
them  (on  account  of  atmospheric  pressure)  a  resistance  stronger 
than  the  force  by  which  they  were  impelled.  The  other  phenome- 
non is  relative  to  the  work  done  by  the  two  engines.  In  most  of 
the  experiments  made,  the  useful  effect,  as  measured  by  the  break, 
%vas  always,  and  even  considerably,  more  than  the  theoretical  effect 
of  the  motive  power.  Does  tliis  difference  of  effect  tlepend  upon 
the  partial  vacuum  created  in  the  escape-pipe  on  account  of  the 
rapid  passage  of  the  steam,  so  that  the  pressure  upon  the  piston 
has  a  relatively  greater  force  ?  Jlay  this  rarefaction  in  the  escape- 
pipe  also  account  for  the  continuance  in  the  stroke  of  the  pistons, 
although  they  may  have  been  placed  in  equilibrium  by  atmospheric 
pressure  before  making  a  half,  or  two-thirds,  of  their  stroke  ? 

All  these  questions,  the  impcn-tance  of  which  will  be  readily  per- 
ceived by  men  of  science,  have  need  of  study  and  elucidation,  hv 
experiments,  perhaps  of  a  different  kind.  On  my  own  part,  I  shall 
do  all  that  I  can  ;  but  I  call  for  tlie  aid  of  learned  persons  who  are 
conversant  with  such  matters. 


ROYAL  POLYTECHNIC  INSTITUTION. 

This  iDstitution  was  re-opened  at  Easter,  although  the  additioual 
buildings  are  not  quite  completed.  Whea  this  is  done,  there  will  be  greatly- 
increased  accominodalioa,  for  the  whole  building  will  be  doubled  in  size. 
The  grand  theatre  will  be  one  of  the  largest  of  the  class  in  London,  and 
capable  of  holding  lifteen  hundred  persons.  The  screen  is  likewise  of 
colossal  size,  so  that  a  vast  picture  can  now  be  shown  on  it,  with  all  the 
resources  of  powerful  instruments.  Thus  the  Institution  is  in  possessioa 
of  a  dioiainic  exhibition  of  much  greater  power,  and  possessing  much 
more  variety  than  any  in  London.  In  the  illustration  of  microscopic 
objects,  the  great  screen  is  likewise  a  valuable  accessary,  and  its  results 
present  a  striking  contrast  to  what  used  to  be  a  state  ol  microscopic  illus- 
tration, but  a  few  years  back.  The  old  great  theatre  has  been  very  much 
improved,  and  is  now  reserved  for  chemical  lectures,  the  small  chemical 
theatre  at  the  other  end  of  the  Institution  being  devoted  to  purposes  of 
exhibition.  The  grand  theatre  is  accessible  from  three  floors  of  the  central 
hall,  so  that  it  can  soon  be  filled  and  cleared,  which  is  a  great  convenience 
to  visitors.  Over  the  screen  room  is  a  kind  of  bazaar  of  objects  of  orna- 
mental art,  consisting  of  porcelain  and  glass  works,  of  great  merit,  from 
the  establishments  of  Alderman  Copeland  and  others.  They  show,  evea 
more  effectively  than  the  exhibition  at  the  Society  of  Arts,  the  great  pro- 
gress of  these  important  arts  in  England.  When  the  front  of  the  Royal 
Polytechnic  Institution  in  Regent-street  is  finished,  it  will  make  one  of  the 
finest  buildings  in  Ihe  street,  and  a  very  great  ornament  to  it.     The  altera- 
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tions  have,  it  is  understood,  been  made  chiL-fly  through  the  exertions  of 
Mr.  Nurse,  the  chairman  of  the  Institution,  who  has  evidently  spared  no 
pains  or  expense,  and  has  succeeded  in  giving  to  the  metropolis  an  estab- 
lishment of  a  very  high  class,  equally  useful  and  ornamental.  The  works 
are  sucli  as  to  do  great  credit  to  the  skill  and  taste  of  Mr.  Thomson,  Ihc 
architect. 


NO'i'KS  OK  THE   MONTH. 

The  Art -Union, — The  report  shows  that  there  has  been  a  falling-off  this 
year  of  .-£5,000  in  the  income.  This  may  be  partly  attributed  to  the  bad- 
ness and  partly  to  the  threatened  government  interference,  but  mainly  to 
the  reaction  consequent  on  misma:iagement  and  want  of  taste.  The  en- 
gravings have  caused  disappointment  to  the  subscribers,  and  brought  shame 
upon  the  committee.  Their  commercial  value  has  long  since  been  settled, 
the  print  with  frame  and  glass  being  sold  at  the  picture-dealers  for  seven 
shillings  and  sixpence.  The  engravings  have  not  illustrated  any  subject  of 
legitimate  interest,  and  have  wanted  the  character  of  high  works  of  art  ; 
their  utmost  merit  being  that  of  middling  wall-hangings.  Upon  such  taste, 
thousands  of  pounds  have  l)een  spent  most  wastefully,  for  any  jobbing 
engraver  could  have  turned  out  the  whole  lot  of  engravings  at  a  much  less 
price.  In  example  and  in  practice,  the  administration  of  the  Art-Union  is 
equally  bad,  and  is  very  unfavourable  to  the  true  interests  of  art.  The  plan 
of  prize  casts  is  most  illiberal,  for  it  is  little  better  than  desecration  to  break 
up  a  mould  for  the  purpose  of  preventing  more  impressions  from  being 
taken.  We  must  admit  that  there  is  no  hope  of  the  Society  being  more 
useful,  even  if  the  control  of  the  prize-money  should  be  taken  from  the 
prize-holders,  and  given  to  the  council, — for  the  latter  have  shown  their 
incompetency  in  everything  they  have  undertaken,  like  most  self-elected 
bodies. 

Paper-hangings  prepared  by  means  of  Nitrate  of  Silver  and  other  Salts. — 
M.  Larocque  presented  a  paper  to  the  Jcadomie  des  Sciences,  Paris,  explain- 
ing a  new  process  for  colouring  and  designing  paper-hangings.  He  observes, 
that  nearly  all  the  salts  are  volatilised  under  the  influence  of  vapour  from 
■water  or  saline  solutions,  and  that  the  nitrate  of  silver,  among  other  salts, 
on  account  of  its  easy  reduction,  would  furnish  a  great  variety  of  shades  of 
colour;  and  by  means  of  reserves  made  in  the  paper,  any  designs  in  white 
might  be  obtained.  The  following  is  the  process  employed: — "  Take  of 
pure  nitric  acid,  sp.  gr.  1-50,  two  parts;  and  distilled  water,  one  part.  Place 
the  mixture  in  a  porcelain  capsule  and  heat  it,  throw  in  about  two  ounces  of 
silver,  and  continue  to  apply  heat  until  the  action  of  the  acid  on  the  metal 
has  ceased  ;  with  this  quantity  of  silver  700  or  800  sheets  of  paper  may  be 
coloured.  In  this  operation  but  a  very  small  loss  of  silver  will  be  found,  for 
the  residue  can  be  formed  into  nitrate  of  silver  and  sold  ;  or,  if  calcined  at 
a  red  heat  in  a  crucible  with  carbonate  of  soda,  the  metallic  silver  may  be 
obtained  and  employed  for  a  new  operation.  In  order  to  obtain  good 
designs,  it  is  necessary  to  operate  in  a  place  well  lighted  and  out  of  currents 
of  air. 

Quarrying  Machine. — "We took  occasion  (says  the  Neivcastle  Chronicle)^ 
a  few  weeks  ago,  to  notice  a  new  stone-drilling  machine,  and  that  it  would  shortly  be 
tested  upon  some  of  the  quarries  in  the  neighbourhood  of  Nnwcaslle.  We  can  now 
state  the  result  of  a  trial  made  upon  the  quarry  of  Mr.  K.  Cail,  near  Gateshead.  The 
machine  was  jnit  in  motion  by  four  men,  and  worked  for  an  bour  and  a  half,  when  they 
attained  a  depth  of  S  feet,  of  4  inches  gauge.  The  hole  wns  tlieii  charged  with  111  lb.  of 
powder,  and  the  discharge  produced  the  removal  of  .'),400  cubic  feet  of  rock.  We  un- 
derstand  that  it  is  likely  to  be  very  greatly  patronised  by  quarry  owners,  from  the  ra- 
pidity with  whith  it  does  its  work." 

Chemistry  of  tht  Sea. — A  lecture  was  delivered  on  this  subject  at  the 
Royal  Institution,  by  Dr.  Thom;is  Williams,  ot  Swansea.  In  commencinp,  the  lecturer 
demonstrated,  by  means  of  an  apparatus  contrived  tor  the  purpose,  the  effects  of  pres- 
sure on  ijshes  at  detinite  depths  beneath  the  surface  of  the  sea.  Having  shown  that  a 
gold  tish,  when  the  water  in  ft'hich  it  was  placed  was  subjected  to  a  pressure  of  four  at- 
mospheres,  beciime  paralyzed.  Dr.  Williams  slated  the  f-jUowing  conclusions  as  deduced 
from  his  own  experiments  : — I.  That  round  fishes,  having  an  air  bladder,  cannot,  without 
injury,  be  exposed  to  a  pressure  of  more  ilian  three  atmospheres. — 'J.  That  the  use  of 
the  air  bladder  is  not  so  much  to  regulate  the  specific  gravity  of  the  animals  as  to  resist 
the  varying  force  of  the  fluid  cohimn,  and  thus  to  protect  the  viscera  and  abdominal 
blood-vessels  agsinst  excess  of  pressure.— ;i.  (Though  in  this  case  the  results  are  less 
striking)  flat  lish  exhibit  a  limited  capacity  only  tor  sustaining  pressure.  Fr(im  these  ob- 
servations, l^r  Williams  inferred  that  the  condition  of  pressure  lepulated  the  distribution 
of  fishes  in  depth.  Referring  to  the  experimental  researches  of  Prof.  E.  Furbes,  he  ex- 
pressed his  conviction  that  pressure  would  be  found  the  most  important  element  in  tl-e 
problem  of  submarine  organic  lite.  He  observed  that  the  lower  animals  evinced  a  tolerance 
of  pressure  peculiar  to  each  species,  and  determining  its  zone  of  depth.  The  1  iws  of 
oceanic  tcinjierature  wore  next  explained.  It  was  experimentally  demonstrated,  that  the 
expansion  of  sea-water  is  considerably  greater  than  that  nf  pure  water,  uruier  equal  incre- 
ments of  heat.  It  ivas,  however,  established  by  the  aerometer,  that  density  did  not 
diminish  in  exact  proportion  iviih  the  increase  of  volume.  It  was  argued,  tliat  this  ex- 
periment went  to  account,  for  the  expansion  of  crystals  by  heat,  as  noticed  by  Ulitscher- 
lich ;  and  that  it  also  proved  that  in  the  case  of  two  strata  of  water  of  dissimilar  tern, 
perature  overlying  each  other  In  the  ocean,  the  tendency  to  intern.ixture  by  vertical 
molecular  attraction  was  greater  than  would  be  the  case  it  the  sea  consisted  of  distilled 
water.  It  was  contended  thpt  it  was  in  accordance  with  the  principles  developed  in  this 
experiment,  that  the  warm  water  occupying  the  greatest  depths  in  the  sea  fas  discovered 
by  Sir  James  Koss)  rose  to  tlie  surface  and  escaped  under  ihe  form  of  vapour,  which  by 
diffusing  warmth  through  the  atmosphere  mitigated  the  rigour  of  polar  cold.  Referring 
lo  the  stratum  of  water  of  unitorm  warmth,  observed  by  Sir  J,  Ross,  the  lecturer  stated 
that  he  had  ascertained,  by  experiment,  that  water  acquires  a  con3lderaI)le  increase  of 
temperature  under  great  pressure,  and  that  he  thought  that  the  tenii)erature  of  the  deep 
sea  could  oidy  be  satisfactorily  accounted  lor  by  tlie  condensation  of  bulk  which  the  "air 
of  water"  underwent.  'I'he  increase  of  temperature  measured  downwards  from  the 
stratum  of  uniform  warmth  to  tlie  sea  bottom  was  noticed  as  proving  that  the  letent 
heat  of  tlie  dissolved  air  was  rendered  sensible  as  the  pressure— that  is.  as  the  depth  in- 
creased. Dr.  Williams  concluded  by  referring  to  the  maximum  density  of  water,  the  laws 
governing  the  solution  of  air  in  water,  and  by  explaining  the  influence  of  tiiose  con- 
ditions on  the  existence  and  distribution  of  plants  and  animals  in  the  sea. 


The  Timber  Duties. — The  following  new  and  reduced  prices  on  timber 

and  wood  goods  come  into  operation  on  the  jih  of  April :— Timberor  wood,  not  being  deals, 
battens,  boards,  staves,  handspikes,  oars,  lathwood,  or  other  limber  or  wood,  sawn,  split, 
or  otherwise  dressed,  except  hewn,  and  not  being  timber  otheiwlse  charged  with  duty, 
the  load,  l.'is. ;  <leals,  battens,  hoards,  or  other  timber  or  wood,  sawn  or  split,  and  not 
otherwise  charged  with  duty,  the  loud  \t.  Is.— or,  in  lieu  of  the  duties  imposed  upon  wood 
by  the  load,  according  lo  the  cubic  contents,  the  importer  may  have  the  option  at  the 
time  of  passing  the  first  entry  of  entering  battens,  battenends,  deals,  deal-ends,  and 
l)lanks,  by  tale,  if  of  and  from  foreign  countries,  according  to  their  difl'erent  dimensions 
and  rates  of  duty,  in  which  a  considerable  reduction  is  made,  varying  frum  one-fourth  to 
a  moiety  of  the  rates  of  duty  hitherto  levied  thereon  ;  staves,  the  load  of  .')(i  cubic  feet, 
ISs. ;  firewood,  the  fathom  of  UIC  cubic  feet,  Cs. ;  liandspikes,  not  exceeding  7  feet  ia 
length,  the  120,  l2s. ;  exceeding  7  feet  in  length,  the  llii),  II,  4s. ;  knees,  under  T)  inches 
square,  the  120,  *is. ;  0  inches  and  under  H  inches  square,  the  120,  \l.  4s. ;  lathwood,  the 
fathom  of  21'>  cubic  feet,  U.  43.  ;  oars,  the  12I>,  4/.  lOs. ;  spars  or  poles,  under  22  feet  in 
length,  and  under  4  inches  in  diameter,  the  l2t>,  12s.  ;  22  feet  in  length  and  upwards,  and 
under  4  inches  in  diameter,  the  120,  1/.  4s.;  spars  of  all  lengths,  4,  and  under  (>  inches 
in  diameter,  the  120.  2/,  Hs. ;  spokes  for  wheels,  not  exceeding  2  feet  in  length,  the  1,01)0, 
U.  4s.;  exceeding  2  feet  in  length,  the  1,000,  2/.  Hs. ;  timber,  planed,  or  otherwise 
dressed  or  prepared  for  use,  and  not  particularly  enumerated  nor  otherwise  charged  with 
duty,  the  cubic  foot,  4d. ;  and  turther  for  every  100/.  value,  10/. 


lilST    OF    NEV7    PATENTS. 

GRANTED    IN  ENGLAND    FROM    MaRCH    2",    TO    APRIL    20,    1848. 

Sia;  Months  alloived  for  Enrolment j  unless  otherwise  expressed^ 

Benjamin  Grey  Babington,  of  George-street,  Hanover-square,  Middlesex,  M.D.,  and 
John  Spurgin,  of  (iuHdford-street,  Middlesex.  M.D.,  (or  "  Improvements  in  the  manu- 
facture of  metallic  pens." — Sealed  March  27. 

John  Coates,  of  Seedley,  Lancashire,  calico  printer,  for  "certain  Improvements  in 
machinery  or  apparatus  fitr  printing  calicoes  and  other  surfaces.'* — April  3, 

Michael  Joseidi  John  Donlan,  of  Abbot's  Bromley  House,  Staffordshire,  Esq.,  for 
"  Improved  compounds  or  mixtures  to  be  used  for  lubricating  machinery." — April  4. 

James  Pilbrow,  of  Tottenham,  Middlesex,  engineer,  for  "certain  Improvements  in 
propelling  upon  railways  and  canals,  and  in  the  apparatus  or  machinery  by  which  the 
same  is  to  be  accomplished." — April  4. 

Thomas  John  Knowlys,  of  Hetham  Tower,  near  Lancashire,  and  William  FiUis,  of 
Shiiley,  Hants,  for  "  Improvements  in  generating,  indicating,  and  applying  heat."— 
April  h. 

Joseph  Foot,  of  Spital-square,  Middlesex,  for  "Improvements  in  the  manufacture  of 
sieves." — April  (1. 

Eugene  Ablon,  of  Panton-street,  Haymarket,  for  "  Improvements  in  increasing  the 
draft  in  chimnies  of  locomotive  and  other  engines." — April  a. 

Thomas  GUI  and  John  Edgcumbe  Gill,  of  Plymouth,  manufacturers,  for  "  Improve- 
ments in  the  manufacture  of  manures."— April  8. 

Thomas  Potts,  of  Birmingham,  brass  tube  manufacturer,  for  "Improvements  in  the 
manufacture  of  tubular  flues  of  locomotive  and  other  steam  boilers." — April  It). 

Thomas  Spencer,  of  Prcscot,  Lancashire,  for  *'  certain  Improvements  in  machinery  or 
apparatus  for  matnifacturing  pipes  and  tubes  from  clay  or  other  plastic  materials,  part  or 
jiarts  of  which  imitrovements  are  applicable  to  the  manufac'.ure  of  hollow  earthenware." 
—April  10. 

James  Derham,  of  Bradford,  Yorkshire,  manager,  for  "certain  Improvements  in  ma- 
chinery for  carding,  combing,  preparing,  and  spinning  cotton,  wool,  alpaca,  mohair,  fiax, 
silk,  and  other  fibrous  materials." — April  10. 

John  Ecroyd,  of  UochdaJe,  Lancashire,  machine  maker,  and  John  Eccles,  of  the  same 
pliice,  mechanic,  for  "  certain  Improvements  in  valves  or  plugs  for  the  passage  of  water." 
April  10. 

James  Petrie,  nf  Rochdale,  Lancashire,  engineer,  for  "  certain  Improvements  in  steam 
engines." — April  in. 

Joltn  Longworth,  of  Newton  Heath,  Lancashire,  for  "  certain  Improvements  in  pickers 
for  power  looms." — April  10. 

James  Meacock,  of  Liverpool,  gentleman,  for  "  Improvements  in  preventing  and  CK- 
tinguishing  fire  in  vessels,  warehouses,  and  other  buildings,  parts  of  which  improvements 
are  applicable  to  ventilation." — April  12. 

John  Masters,  of  Leicester,  gentleman,  for  "  Improvements  in  dress  fastenings,  and  in 
attaching  the  same  ,  and  in  articles  made,  wholly  or  in  part,  of  certain  flexible  materials 
or  fabrics."— April  12. 

Henry  Henson  Henson.of  Hampstead,  Middlesex,  gentleman,  for  "certain  Improve- 
ments in  railway  carriages  and  wagons,  and  in  vessels  of  capacity,  employed  in  the  storing 
and  conveyance  of  ex|)losive  substances." — April  \b. 

Thomas  Forsyth,  of  New  North-road,  Middlesex,  engineer,  for  "  Improvements  in  the 
manufacture  of  railway  wheels." — April  15. 

Charles  Green  and  James  NewmMU,  manufacturers,  of  Birmingham,  for  "  Improve- 
ments in  the  manufacture  of  a  part  or  parts  of  railway  wheels."— April  l.'>. 

Richard  I\!adig»n,  of  Haverstock-hill,  Hampstead-road.  Middlesex,  civil  engineer,  and 
John  Conpe  Haddan,  of  14,  Lincoln's  inn-fields,  Middlesex,  civil  engineei,  for  "Im- 
provements in  the  manufacture  of  wheels  for  railways."— April  15. 

Hel.ih  Hiler,  of  New  York,  in  the  United  Stales  of  America,  for  "  Improvements  in  the 
manufacture  of  stair  rods."— Apiil  l.'>. 

David  Davies.  ol  Wigmore-street,  Cnvendish-square.  coachmaker,  for  "certain  Im- 
provements in  the  construction  of  the  heads  of  open  and  close  caniages."— April  15. 

Charles  Attwood,  of  Wolsinpham,  Durham,  Esq.,  for  a  "certain  Improvement  or  im- 
provements in  the  manufacture  of  iron." — April  18. 

John  Brittwn,  of  Birmingham,  machinist,  for  "  certain  Imprnvements  in  heating, 
lighting,  ventilating,  and  closing  and  screwing  the  doors  of  apartments  ;  also  in  lighting 
and  venlilating  cariiages,  parts  of  which  improvements  are  applicable  to  other  like  pur- 
poses."—April  20. 

RlutthewCiJchran.  of  High-street,  Paisley,  Renfrewshire,  for  "  certain  Improvements 
in  the  production  of  coloured  patterns  or  designs  on  warps  of  carpets,  velvets,  or  other 
textile  materials,  parts  of  which  improvements  are  also  ;ipplicable  to  the  production  of 
coloured  patterns  or  designs  on  woven  fabrics, or  other  planes." — April  20. 

Samuel  Clegg,  of  Regent's-square,  Middlesex,  engineer,  for  "Improvements  in  gas 
meters."— April  20. 

John  Stranc  Harradine,  of  Holywelbcum-Needingworth,  Huiitingdonshire,  farmer,  for 
"  an  Improved  mode  of  fitting  certain  girths  and  straps." — April  liO. 

Henry  Gilbert,  of  Saint  Leonard's-on-Sea,  Sussex,  fur  "  an  Improved  mode  or  improved 
modes  of  operating  in  dental  surgery,  and  improved  apparatus  or  instruments  to  be  used 
therein."- April  2t>. 


:Tri 


f<9    I 


Fu,l. 


P'O  •' 


p 


□BD 


[/oU»Uol_tona  to^  liA  "toy  lol  Ml  lai  la 


SIDE       ELEVATION 


%    ^ 


!® 


^ 


^ 


r  ^-^  Tfl 


©_o 


J 


PLAN    -     THRO'  -    RAM 
Fig    i 


CTE^'r~TT 


pH?  liiE 


m 

«. 

. 

. 

on 

oLi": 

) 

)~ 

■■)  _  -  r 

JL     '■' 


l^^L:^L< 


LOWCITUDIIHAL         SECTION 


Y'SIS  ©OfflWa^  ir(l!J(3l!Illt.i4lS  3[filllE)'>SE 

AND     LIFTINO   APPARATUS. 

Hi'h';  -Steplifiiaon    A'jf  -       Ent/uucr  . 


SrALE         OP  rEBT. 


TRANSVERSE      SECTION       OF    THE     TUBE     AND     LIFTINC     ArPARATUS. 


1 8  tS. 


THE  CIVIL  ENGINKKR  AND  ARCHITECT'S  JOURNAL. 


161 


THE  CONWAY  TUBULAR  BRIDGE. 

CWith    Engravingx,  Plate  VIII.) 

The  ^'eat  engineeriiiff  event  for  1848  is  the  raisinsf  of  the  Conway 
Tubular  Bridg-e,  and  which  after  so  niucli  fear  and  anxiety  has 
been  effected  with  great  success.  This  work  derives  its  importance 
not  so  much  from  its  greatness,  as  frem  its  opening  the  way  for 
the  adoption  of  a  new  system  of  bridge  building,  whereby  the 
resources  of  engineering  are  very  much  extended.  To  build  a 
bridge  greater  than  those  which  have  been  made  before,  to  make 
a  railway  longer  than  those  which  have  yet  been  opened,  or  to 
construct  a  more  powerful  locomotive,  is  a  great  work;  but  it  is  of 
very  much  greater  importance  to  execute  something  entirely  new. 
Tlie  engineer  wlio  has  constructed  tlie  greatest  lighthouse  or  tlie 
greatest  dock  in  his  day,  may  be  o\'ercome  by  some  one  else,  and 
then  his  claim  is  at  an  end ;  whereas  the  engineer  who  extends  the 
resources  of  his  art,  has  a  clear  and  uni(|ue  claim  to  distinction. 
Mr.  Robert  Stei)Iiensoii  lias  the  merit  of  carrying  out  tliis  system 
of  tubular  bridge  building,  and  it  will  be  a  special  event  in  his 
career,  beyond  tlie  many  vi-orks  of  constructive  skill  he  has  already 
produced.  The  success  of  the  Conway  bridge  is  none  the  less 
important,  because  it  settles  the  practicability  of  that  greater 
undertaking,  the  Menai  Tubular  Bridge.  Thus  progress  in  any 
one  direction  leads  most  certainly  to  greater  exertion  ;  and  it  is 
peculiarly  necessary  to  give  every  encouragement  to  all  Jittempts, 
wliioh  open  a  new  career  for  the  engineer,  and  give  him  greater 
means  of  exertion. 

We  are  glad  to  learn  that  the  trials  hitherto  made  within  the 
tube  with  locomotives  have  been  successful,  though  we  have  not 
had  the  opportunity  of  personally  investigating  the  real  progress 
of  the  undertaking.  We  shall,  however,  watch  it  with  interest 
and  attention,  to  see  how  far  its  continued  working  justifies  tlie 
opinion  which  has  been  entertained  of  its  success  :  at  the  same  time, 
we  may  say  we  do  not  participate  in  the  fears  which  are  enter- 
tained by  some  of  our  mathematical  correspondents. 

W^e  have  this  month  given  engravings  of  the  tube,  and  the  lifting 
apparatus,  and  next  month  we  propose  to  lay  before  our  readers 
drawings  of  the  ingenious  Jacquard  machinery  invented  by 
Messrs.  Roberts,  for  punching  the  plates. 

The  construction  when  finished  is  to  consist  of  two  tubular 
bridges,  formed  of  wrought-iron  plates,  each  tube  being  for  one 
line  of  rails.  AV^e  shall  now  confine  ourselves  to  the  description  of 
one  of  the  tubes,  which  was  fixed  in  its  place  in  March  last,  and  is 
shown  in  the  accompanying  engravings,  Plate  VIII. 

Fig.  1  exhibits  a  transverse  section  of  one  of  the  tubes  and 
the  masonry  of  the  pier,  together  with  the  lifting  apparatus. 
Fig.  2  is  a  side  elevation  of  19  feet  in  length  of  the  tube,  resting 
on  the  masonry,  and  the  lifting  apparatus.  Fig.  3  is  a  section 
through  12  feet  in  length  of  the  tube,  and  section  of  the  lifting  appa- 
ratus. Fig.  4  is  a  plan  of  the  top  of  the  tube  to  the  extent  of  20 
feet  in  length,  and  plan  of  the  hydraulic  press.  Fig.  5  is  a  front 
view  of  one  end  of  the  suspension  girder,  and  fig.  6  a  side  view. 

The  tube  consists  of  a  shell  or  external  casing,  a,  a,  of  wrought- 
iron  plates,  from  4.  to  8  feet  long  and  2  feet  wide,  by  i-inch 
thick  in  the  centre,  and  |ths  of  an  iiicli  tliick  towards  the  end  of 
the  tube,  rivetted  together  to  T-angle-iron  ribs,  placed  on  both 
sides  of  the  joints,  and  angle-gussets  at  the  feet  of  the  ribs  to 
stiffen  them;  a  ceiling,  composed  of  8  cellular  tubes  A,  each  20} 
inches  wide,  and  21  inches  high  ;  and  a  floor  containing  6  cellular 
tubes  c,  27i  inches  wide,  and  21  inches  high.  The  whole  length  of 
the  tube  is  412  feet,  and  22  ft.  3|  in.  Iiigh  at  the  ends,  and  2.5  ft. 
6  in.  high  in  the  centre,  including  the  cellular  tubes  at  to]i  and 
bottom,  running  the  whole  length,  and  14  feet  wide  to  the  outside 
of  tlie  side  plates.  The  upper  cells  are  formed  of  wrought-iron 
plates,  |-inch  thick  in  the  middle,  and  ^-inch  thick  towards 
the  ends  of  tlie  tulie,  put  together  with  angle-iron  in  eacli  angle 
of  the  cells  ;  and  over  the  upper  joints  is  rivetted  a  slip  of  J-inch 
iron,  4i  inches  wide.  The  lower  cells  consist  of  f-inch  iron 
plates  for  the  divisions,  and  the  to])  and  bottom  of  two  tliick- 
nesses  of  plates,  each  12  feet  long,  2  ft.  4  in.  broad,  and  ^1-incli 
thick  in  the  centre,  and  i-inch  thick  at  tlie  ends,  and  so  arranged 
as  to  break  joint ;  and  a  covering  plate  of  -j-inch  iron,  3  feet  long, 
is  placed  over  every  joint  on  the  underside  of  the  tube.  Tiie 
external  casing  is  united  to  the  top  and  bottom  cells  by  angle-iron, 
on  both  the  inside  and  outside  of  the  tube,  as  shown  in  fig.6. 

The  ends  of  the  tube,  where  it  rests  on  the  masonry,  are 
strengthened  by  cast-iron  frames  rf  to  the  extent  of  8  feet  of  the 
lower  cells ;  6  cast-iron  transverse  I-shaped  girders  e,  on  the  floor; 
6  similar  girders  j\  above ;  and  upright  cast-iron  stanchions  </,  on 
each  side  of  the  tube,  to  which  are  bolted  the  ends  of  the  girders, 
top  and  bottom,  and  also  the  cross  liftiug  girders  h. 

No.  129— Vou  SI.— June,  184S. 


In  order  to  allow  of  the  free  expansion  and  contraction  of  the 
tube,  the  ends  rest  on  24  pairs  of  iron  rollers  ;,  connected  together 
by  a  wrought-iron  frame,  and  placed  between  two  cast-iron  plates 
/,  fr,  12  feet  long  by  6  feet  wide,  and  4  inches  thick.  The  lower 
plate  is  laid  on  a  flooring  of  3-inch  planks  /,  bedded  on  the  stone- 
work ;  and  the  tube  is  also  suspended  to  6  cast-iron  beams  m,  the 
ends  resting  on  longitudinal  bearers  »,  12  feet  long,  with  a  circular 
groove  on    the  underside,   supported    by  12    gun-metal   balls    o, 

6  inches  diametei",  standing  upon  an  iron  bed  p,  and  supported  on 
the  ends  of  the  cast-iron  bearers  7.  The  tubes  are  suspended  to 
the  beam  ;»,  by  wrought-iron  bolts  }■,  and  spade-pieces  rivetted  on 
to  the  sides  of  the  tube,  as  shown  in  figs.  5  and  6. 

The  lifting  apparatus  for  raising  this  enormous  weight  was  en- 
trusted by  Mr.  Stephenson,  to  Messrs.  Easton  and  Amos,  engineeis 
of  the  Grove,  Southwark,  to  whom  great  credit  is  due  for  tlie  very 
successful  manner  the  tube  was  lifted.  The  machinery  consisted  of 

2  steam-engines,  erected  in  the  recesses  B,  of  the  corresponding 
tube,  one  on  each  side  of  the  river  ;  and  each  engine  has  a  horizon- 
tal cylinder,  17  inches  diameter,  and  16  inches  stroke,  with  piston- 
rods  working  thi-ough  stuflSng-boxes  at  each  end  of  the  cylinder; 
eacli  piston-rod  has  a  cross-head,  and  gives  motion  by  side-rods 
and  cranks  to  two  fly-wheels  ;  and  the  ends  of  the  two  piston-rods 
work  2  forcing-pumps  with  plungers,  1  ,'-j  inch  diameter,  and 
16  inches  stroke.  These  pumps  inject  the  water  into  the  hydraulic 
press  C,  shown  in  the  engraving,  through  the  small  tube  (3V 

The  press  was  erected  on  a  stage  constructed  above  the  level  of 
the  to])  of  the  tube,  and  consisted  of  two  cross-girders  of  cast- 
iron,  eacli  in  two  heights  D,  D',  the  lower  one  4  feet  high,  and  the 
upper  one  2  ft.  6  in.  high  ;  the  ends  resting  upon  cast-iron  bearers  E, 
imbedded  in  the  masonry  of  the  piers.  Upon  the  cross-girders 
was  fixed  the  casing  F,  of  the  ram,  which  is  5  ft.  2  in.  long,  by 

3  ft.  9  in.  wide,  cast  with  ribs  ;  and  on  the  top  of  the  cylinder  are 
fixed  2  vertical  guide-rods  G,  G,  6  inches  diameter,  passing 
upwards  through  the  cross-head  of  the  ram,  and  a  cast-iron  girder 
H,  nearly  at  the  top  of  the  tower,  and  18  feet  above  the  girders  D'. 

The  press  consists  of  a  cylinder  (1),  firmly  fixed  in  the  casing, 
37i  inches  diameter  externally,  and  20  inches  internally;  and 
the  ram  (2)  18g  inches  diameter,  with  a  vacuity  nearly  |  of  an  inch 
all  round,  to  receiie  the  water  injected  from  the  pumps  already 
described,  through  the  tube  (3),  the  orifice  of  which  is  |  of  an  inch 
diameter ;  tliis  tube  is  furnished  with  a  lever-valve  close  to  the 
cylinder,  for  safety,  in  case  the  pipes  should  burst.  In  the  event  of 
such  a  casualty,  by  an  ingenious  contrivance  the  lever- valve  would 
be  instantly  closed,  and  the  weight  supported  by  the  water  in  the 
cylinder.  On  the  top  of  the  ram  is  a  cross-head  (4),  of  solid  cast- 
iron,  9  ft.  10  in.  long,  1ft.  10  in.  deep,  and  2  ft.  4  in.  thick,  with 
two  apertures,  2  ft.  1  in.  long,  by  1  ft.  I3  in.  wide,  through  which 
the  lifting  chains  pass ;  and  on  the  top  of  this  cross-liead  are 
fixed  two  clipping  vices  or  clams  (5,  5,)  each  consisting  of  a  pair  of 
wrought-iron  jaws,  3  feet  long,  11  inches  deep,  and  6  inches  thick, 
and  a  winch  whicli  turns  a  small  pinion  (6),  that  takes  into  two 
cog-wheels  (7,  7')  fixed  upon  the  heads  of  two  horizontal  screws 
(8,  8'  left  and  right  handed)  passing  through  nuts  in  tlie  two  jaws 
of  the  clams.  Thus  it  will  be  perceived,  that  as  the  wincli  is  turned, 
the  jaws  are  made  to  open  or  close,  for  the  purpose  of  clipping  the 
heads  of  the  lifting  chains ;  below  these  clams  are  two  others  (9  9'), 
for  clipping  the  heads  of  the  lower  links. 

The  two  lifting  chains  consist  of  wrought-iron  flat  bars,  in 
lengths  of  6  feet  from  centre  of  bolt-eye  to  centre,  and  each  bar  is 

7  inches  wide  and  Ig,  Ij,  and  li  inch  thick,  with  heads  having 
shoulders  fitted  to  the  jaws  of  the  clams.  Each  chain  contained 
nine  links  of  8  and  9  bars  alternately,  besides  the  two  lower  links, 
each  consisting  of  5  and  4  bars.  The  heads  of  the  first  or  upper 
links  passed  through  the  upper  lifting  clams,  fixed  on  the  top  of 
the  cross-head  of  the  ram,  and  there  secured  by  the  jaws  of  the 
clams  being  screwed  up  taut ;  the  second  links  passed  through  the 
lower  clam,  the  jaws  of  which  were  left  open,  and  the  heads  of 
the  two  lower  links  were  made  to  abut  against  the  underside  of  the 
lifting  girders,  jr,  h.  When  the  pumps  were  set  to  work,  the  ram 
was  lifted  6  feet,  its  full  range  ;  when  it  had  attained  this  elevation 
the  jaws  of  the  lower  clams  (9,  9'),  were  screwed  up  close  and  clipped 
the  heads  of  the  third  links  ( 1 1 ),  and  there  held  the  chain  firm ;  the 
jaws  of  the  upper  clams  were  then  opened,  and  the  ram  lowered 
down  to  its  original  position,  when  the  bars  of  the  top  links  (lO)were 
removed.  Wlien  this  had  been  done,  the  jaws  of  the  upper  clams 
(5,  5')  were  again  brought  under  the  heads  of  the  second  links,  and 
screwed  up  taut,  so  as  firmly  to  clip  the  shoulders  of  the  links,  the 
jaws  of  the  lower  vice  (9,  9')  opened,  and  the  ram  was  tlien  set  in 
motion  to  lift  the  tube  another  six  feet,  when  the  second  links 
were  removed  as  before  described,  and  the  operation  repeated  as 
above,  until  the  tube  had  been  lifted  the  height  required,  about  22 
feet  to  24  feet. 
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The  power  of  the  presses  may  l>e  thus  ealculiited  :  tlie  area  of  t!ie 
ram  being'  eijual  to  .'i37-6t  circular  inches,  and  the  force  actiuf? 
u|i(in  the  plunijer  eijual  to'il+  tons  per  oircuhir  iiiili,  tlie  two 
lieintr  multiplied  together  ^'we  722S  tons,  which  is  the  fiu-ce  of  one 
of  the  presses,  and  of  the  two  presses  li-15  tons.  The  actual  weight 
lifted  was  estimated  at  1,300  tons.  The  quantity  of  water  used 
for  each  press  is  about  66  gallons. 

The  tube  was  constructed  on  a  platform  erected  on  the  shore  of 
the  river,  close  to  where  it  was  to  cross ;  and  when  finished,  si.v 
pontoons,  something  similar  to  the  large  coal  lighters  on  the  river 
Thames,  were  placed  under  the  tube  at  low  water,  and  which  at 
high  water  lifted  the  tulie  oft'  the  piles  upon  which  the  stage  was 
erected.  It  was  then  floated  to  its  destination,  and  ])laced  between 
the  two  towers,  part  of  the  masonry  being  left  undone  until  the 
tube  was  put  into  its  proper  position,  and  as  it  was  raised  the 
masonry  was  built  up  under  the  tube.  The  time  occujiied  in  raising 
the  tube  and  building  up  the  masonry  occupied  four  days;  the 
actual  space  lifted  per  hour  was  13  feet. 


CANDIDUS'S    NOTE-BOOK, 
FASCICULUS  LXXXII. 

"I   must  have  liberty 
Withal,  as  large  a  charter  a-  the  winds, 
To  blow  oil  vvhoni  I  please." 

I.  Surely  there  must  be  something  wrong  somewhere,  when,  not- 
withstanding all  the  numerous  appliances  and  aids  which  Architec- 
tural study  can  now  boast  of.  Architecture  itself  seems  to  have  come 
to  a  dead  stand.  In  the  inability  to  get  a  step  forwards,  a  merit 
is  made  of  what  an  Irishman  would  call  advancing  backwards.  To 
say  nothing  of  the  Institute,  we  have  besides  that  a  Royal  Academy, 
which  professes  to  extend  its  fostering  protection  to  Architecture  ; 
also  iVrchitectural  Societies,  Decorative  Art  Societies,  Schools  of 
Design,  and  lastly,  though  not  least.  Professors  of  Architecture  ; — 
yet  what  is  the  art  the  better  for  them  all  ?  Can  it  do  more  than 
hash  up  again  and  again  the  cold  remains  of  the  banquets  which  it 
used  to  serve  up  in  by-gone  ages  ?  If  that  "  more"  be  not  possible, 
there  is  little  cause  for  us  to  vapour  at  the  rate  we  do  about  Archi- 
tecture as  one  of  the  Fine  Arts.  Either  it  has  now  lost,  or  is  no 
longer  permitted  to  exercise,  the  powers — to  maintain  the  privi- 
leges of  one.  After  studying  all  extant  styles  of  the  art,  we  are 
reduced  to  the  mortifying  conclusion,  that  we  can  do  nothing  what- 
ever with  any  of  them  beyond  copying,  being  ourselves  wholly  un- 
able to  catch  and  preserve  the  artistic  sjiirit  that  pervades  the 
best  and  most  characteristic  examples  of  the  styles  which  we  pro- 
pose to  ourselves  as  models.  By  dint  of  pains-taking  industry,  we 
can  follow  them  tolerably  well  as  far  as  they  go;  but  where'they 
stop  short  of  what  our  actual  purposes  demand,  we  stop  short  too, 
and  break  down ;  and  not  only  do  they  not  go  far  enough  for  our 
present  requirements,  but  they  sometimes  lead  us  astray,  forcing 
more  or  less  upon  us  that  which  is  adopted  merely  because  it  is  signi- 
ficant of  the  style,  although  at  the  very  same  time  much  that  is 
incompatible  with  the  style  is  tolerated  on  the  score  of  necessity  ; 
so  that,  after  all,  it  is  generally  suffered  to  be  seen  that  there  has 
been  conflict  between  style  and  purpose.  Without  such  thorough 
mastery  over  a  style  as  can  bend  it,  and  render  it  quite  plastic  and 
tractable,  it  is  hardly  possible  to  produce  more  than  either  direct 
copies  of  former  examples,  or  a  sort  of  decent  patchwork  com- 
posed out  of  them.  As  one  of  the  Fine  Arts,  Architecture  might 
now  very  properly  take  for  its  motto,  Fui : — "  I  was  one  once,  but 
am  so  no  longer." 

II.  It  would  not  be  amiss  were  some  term  introduced  to  distin- 
guish those  whom  we  now  call  Architects,  from  Builders,  or  else 
to  distinguish  the  Artist  or  Fine-Art  Architect  from  him  whose 
practice  and  abilities  do  not  extend  beyond  estimates,  specifications, 
the  preparing  working-drawings,  and  the  superintending  the  exe- 
cution of  buildings.  Why  not  have  the  term  house-architect,  as 
well  as  house-painter,  understanding  l)v  it  those  who  make  no 
pretensions,  or  whose  works  do  not  qualify  them  to  make  any  to 
the  more  ambitious  name  of  Architect  in  the  sense  of  artist.  At 
present,  all  who  come  under  the  somewhat  vague  denomination  of 
Architects,  assume  to  themselves  the  rank  of  artists — followers  of 
what  is  by  common  assent  and  the  laxity  of  language  admitted  to 
be  a  Fine  Art.  No  doubt,  such  appellation  (that  of  artist)  is  flat- 
tering enough  ;  hut  then  it  carries  with  it  a  corresponding  degree 
of  responsibility.     If  it  can  be  adequately  supported,  it  is  one  of 


honour  ;  if  not,  it  becomes  one  of  reproach  and  disgrace.  In  not 
being  an  artist  there  is  no  demerit ;  but  the  preteTicling  to  pass  for, 
or  at  least  rank  as  such,  without  possessing  the  least  artistic  talent, 
is  surely  not  very  many  removes  from  quackery.  If  there  can  be  no 
higher  title  than  that  of  Architect  for  those — and  they  do  not  seem 
to  be  many — who  follow  their  profession  in  the  spirit  of  artists,  a 
more  modest  designation  would  better  become  the  majority,  and 
would  relieve  them  from  the  sneers  and  reproaches  to  which  they 
now  expose  themselves. 

III.  The  idea  of  erecting  single  colossal  columns  as  monuments 
and  architectural  objects,  was,  no  doubt,  borrowed  by  the  Romans 
from  Egyptian  obelisks.  Inasmuch  as  they  are  both  lofty,  upright 
(dijects,  exceedingly  well  calculated  to  show  at  a  considerable  dis- 
tance, the  column  and  obelisk  agree ;  but  they  also  differ  quite  as 
much,  and  the  difference  is  decidedly  in  favour  of  Egytian  taste. 
^V'hereas  the  obelisk  is  evidently  a  monument — a  pillar  erected  to 
record  some  fact  or  facts,  or  dignify  some  locality,  and  is  everyway 
fitted  by  its  shajie  to  stand  as  an  insulated,  independent  monolith, 
the  column  ])lainly  expresses  itself  to  be  a  component  member  of  a 
fabric;  therefore  taken  by  itself  alone,  meaningless, — in  the  condi- 
tion of  a  verb  without  a  noun,  or  a  noun  without  a  verb.  Not 
only  does  the  column  suggest  the  idea  of  a  superincumbent  archi- 
trave, for  supporting  which  it  is  intended, — hut  detached  from  it, 
acqtiires  a  tophmvy  and  unstable  look,  the  very  reverse  of  that 
attending  the  pi/rumidion  in  which  the  obelisk  is  made  to  terminate, 
and  which  produces  an  obtuse  apex,  instead  of  the  whole  being 
prolonged  to  a  sharp  point,  like  a  spire.  Except  its  general  pro- 
portions as  to  height,  there  is  nothing  that  recommends  a  column 
for  officiating  in  lieu  of  an  obelisk.  The  so  employing  it  manifests 
\ery  great  poverty  of  invention  and  barrenness  of  ideas, — the 
inability  to  devise  new  and  more  appropriate  forms  for  new  pur- 
poses. V\niat  is  characteristic  in  the  column,  considered  as  an 
architectural  member,  destined  to  support  either  a  horizontal  enta- 
blature or  an  arch  springing  from  its  capital,  ceases  to  have  pro- 
])riety  or  meaning  in  aj)illar  erected  merely  as  either  an  ornamental 
object  or  a  votive  monument.  Such  monument  may  still  be  a 
pillar,  but  it  should  be  one  expressly  adapted  to  its  peculiar  pur- 
pose ;  therefore,  the  less  it  resembles  any  of  the  so-called  "  orders," 
the  better.  In  this  respect,  the  Rostral  column  possesses  a  decided 
advantage :  it  shows  itself  most  plainly  to  be  neither  more  nor 
less  than  a  tropin)  pillar.  A  column  of  that  kind  does  not  look  like 
a  fragment  of  a  building.  In  a  building,  such  form  for  the  columns 
would  be  preposterous.  To  employ  Architectural  columns  as  de- 
tached monumental  pillars,  savours  of  pedantic  and  puerile  conceit, 
akin  to  that  which  during  the  Elizabethan  period  fashioned 
chimney  shafts  into  columns,  designed,  more  orthodoxly  than  taste- 
fully, according  to  some  one  of  the  "  regular  "  orders. 

IV.  It  is  very  possible  for  a  man  to  have  too  much  scholarship, — 
or  to  have  it,  if  not  too  abundantly,  too  exclusively  ;  so  much  of 
it,  that  he  has  no  room  in  his  head  for  any  ideas  of  his  own,  nor 
any  time  for  exercising  his  thinking  faculties.  In  Architecture, 
scholarship  is  far  more  likely  to  prove  injurious  than  at  all  pro- 
fitable. ^V'hile  with  the  ignorant  it  may  pass  for  deep  study,  it 
seldom  amounts  to  more  than  idle  display  of  learned  frivolity  ; 
and  is  so  far  from  really  being  study — that  is,  study  to  any  pur- 
pose— that  it  is  rather  apt  to  check  the  latter,  to  become  the  substi- 
tute for  it,  and  sometimes  to  lead  astray  into  fancies  as  chimerical  as 
they  are  extravagant.  Infinitely  better  would  it  have  been  for 
'Wilkins,  if,  instead  of  laliouring'  to  convince  us  that  the  Temple 
of  Solomon  was  a  building  of  the  Grecian-Doric  order,  he  had 
applied  himself  to  more  diligent  and  real  artistic  study  at  his  own 
drawing-board.  Pity  that  Solomon's  temple,  the  tower  of  Babel, 
and  the  Parthenon  too,  including  a  good  many  other  things 
besides,  cannot  be  left  at  rest — or  left  to  those  who  are  more  am- 
bitious of  displaying  their  pedantical  erudition,  than  of  contribut- 
ing to,  or  in  any  way  promoting  artistic  study— the  very  study  of  all 
others  in  which  we  are  most  grossly  deficient.  Did  we  find  that  arch- 
feological  knowledge  tends  to  enlarge  thejudgment,  and  to  fertilise 
both  talent  and  taste,  it  would  deserve  to  be  encouraged  ;  it  seems, 
however,  to  have  quite  a  contrary  efl^ect, — to  contract  instead  of 
at  all  expanding.  Hence  is  it  that  copyism,  which  should  be  our 
shame,  is  made  our  pride  ;  and  much  as  we  vapour  about  art — mere 
empty  vapouring  after  all — we  show  that  we  have  no  longer  any 
faith  in  it,  but  take  it  to  he  now  actually  paralyzed,  and  incapable 
of  doing  aught  further  than  it  already  has  done.  To  revert  to  a 
former  style,  for  the  jiurpose  of  yrudually  moulding  it  into  one 
that  shall  be  far  more  suitable  to  our  present  occasions  and  wants 
than  the  original  one  is,  would  be  allowable  enough.  But  no  : 
that  must  not  be  done, — such  mode  of  proceeding  would  be  ac- 
counted downright  heresy.  It  would  he  tantamount  to  admitting, 
that,  excellent  as  former  styles  were  for  the  times  which  produced 
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them,  they  require  considerable  modification  in  order  to  render 
them,  or  any  one  of  them,  generally  applicable  at  the  present  day. 
After  all,  it  may  be  ([uestioned  whether  what  looks  so  much  like 
praiseworthy  reserve,  and  scrupulous  adherence  to  autlientic 
models,  does  not  proceed  from  motives  that  are  not  the  most 
laudable.  Merely  to  copy,  saves  such  an  infinity  of  study,  thought, 
and  trouble,  as  to'  renderthe  copying  system,  in  what  calls  itself  a 
Fine  Art,  less  of  a  mystery  than  it  else  would  be.  Architects — and 
I  say  it  in  sorrow — are  not  artists,  except,  perhaps,  just  here  and 
there  one  e.xceptionally.  The  majority  of  the  profession  have 
nothing  whatever  of  the  feeling  or  spirit  of  artists  in  them.  It  is 
said  that  it  takes  nine  tailors  to  make  a  man  ,  I  am  sure  it  takes 
ninety-nine  Architects  to  make  an  artist ;  for,  as  matters  go,  if 
we  get  one  out  of  a  hundred  who  answers  to  the  latter  character, 
we  ought  to  be  grateful.  It  will  be  said,  perhaps,  that  the  oppor- 
tunities for  showing  artistic  and  original  talent  are  so  exceedingly 
few,  that  we  ought  not  to  judge  of  tlie  ability  in  pnsxe  by  the  little 
ability  vvliich  manifests  itself  in  esse.  Opportunities  do  occur, 
nevertheless,  and  wliat  is  the  use  we  make  of  them  ?  AVhy,  to 
pirate,  in  the  most  unblushing  manner,  designs  from  Sansovino  ! 
It  is  true.  Count  D'Orsay  makes  a  merit  of  such  doings :  what 
then  .'' — he  merely  shows  himself  a  priggish  coxcomb.  His  count- 
ship's  opinion  may  be  very  good  authority  for  the  cut  of  a  coat,  or 
other  question  in  tailoring,  but  in  Architecture  not  worth  a  straw ; 
although  it  had,  it  seems,  overbearing  weight  with  the  "  Armoury 
and  Knavery  Club." 

V.  Belo\'ed,  but  most  unhappy  Architecture, how  art  thou  beset! 
— by  tlie  merest  apes  on  one  side,  and  the  merest  parrots  on  the 
other — creatures  who  merely  repeat  by  rote  what  they  ha\e  either 
heard  from  others,  or  got  out  of  books,  witliout  bringing  so  much 
as  a  single  idea  of  their  own  to  incorporate  itself  with,  or  work 
upon  it.  So  long  as  we  merely  listen  to  them  in  silence,  they  go  on 
fluently  and  volubly  enough.  But  once  begin  to  cross-question  them, 
and  it  is  all  up  Mit'h  them.  Nothing  then  is  left  for  them  but  to 
express  astonishment  at  the  ignorance  which  cannot  perceive,  or 
the  impudence  which  presumes  to  throw  doubt  upon  excellence 
that  has  all  along  been  universally  admitted.  Anything  like  satis- 
factory reasons  or  intelligent  reasoning,  is  not  to  be  expected  from 
people  whose  admiration  is  founded  upon  mere  prejudice — upon 
authoiity,  tradition,  and  conventionalism.  Their  criticism  consists 
of  nothing  better  than  mere  cant  and  parrot-like  rote  ;  and  tlieir 
dogmatism  is  in  proportion  to  their  shallowness.  The  most  inno- 
cently-put WHY  disturbs  them, — upsets  their  criticism  and  their 
temper  too.  Albeit,  anything  but  poetical  themselves,  they  firmly 
maintain  with  the  j)oet,  that  "  Whatever  is,  is  right ; — in  other 
words,  everything  is  excellent  for  which  due  authority  can  be  pro- 
duced. And  would  tliey  but  be  content  to  stop  there,  a  good  deal 
might  be  said  in  tlieir  excuse.  Instead  of  that,  however,  they 
insist  upon  our  believing  that  whatever  is  not — i.  e.  has  not  been 
done  before,  consequently  derives  no  support  from  direct  precedent 
for  it,  but  must  stand  upon  its  own  merits, — must  of  necessity  be 
wrong,  even  though  it  sliould  evidently  be  warranted  both  by 
analogy  and  common-sense.  After  all,  there  is  a  particle  or  two 
of  shrewdness  in  the  narrow-minded  dulness  of  such  persons  : 
they  have  just  discernment  enough  to  be  aware  that  tliey  them- 
selves depend  entirely  upon  precedent,  rote,  and  routine;  and  that 
by  insisting  upon  others  abiding  by  them  likewise,  they  bring  them 
down  and  keep  them  down  to  the  level  of  their  own  intellect. 


ARCHITECTURE  AT  THE  ROYAL  ACADEMY  ; 

AND     THE     ARCHITECTURAL     DRAWINGS     AT     THE     EXHIBITION. 

Most  cheering  and  encouraging  symptoms  manifest  themselves 
this  year  in  the  Architectural  Room, — that  is,  supposing  there  be 
truth  in  the  saying,  that  when  things  come  to  the  worst  they  are 
sure  to  mend,  for  to  that  comfortable  stnge  of  pessimity  are  matters 
now  come.  Never  was  there  before,  within  our  recollection,  so 
miserably  poor  an  architectural  "  spread"  at  the  Academy — sucli  a 
beggarly  and  ill-arranged  set-out.  Even  before  we  begin  to  look 
round,  we  perceive  that  one  interesting  class  of  architectural  sub- 
jects are  altogether  missing.  Either  no  architectural  models  were 
sent,  or  they  were  turned  away ;  and  incomprehensible  as  the  last 
may  be  thought,  it  is  quite  as  probable  as  the  other  case — at  least 
to  ourselves,  because  we  happen  to  have  seen  some  of  the  rejected 
designs, — designs,  too,  by  those  who  have  been  e.xhibitors  for  several 
years  past,  and  whose  productions  have  usually  obtained  deserved 
commendation,  both  from  ourselves  and  others.  Their  productions 
are  now  missing  from  the  walls,  and  their  names  from  the  cata- 


logue, which  contains  very  few  names  indeed  of  any  note  in  the 
architectural  world  ;  and  what  few  there  are,  are  not  by  any  means 
pluralist  exliibitors,  they  having  contented  themselves  with  sending 
no  more  than  what  just  entitles  them  to  an  exhibitor's  ticket. 
Possibly,  however,  we  are  here  in  error,  and  do  them  injustice,  for 
though  oiil)'  one  subject  of  theirs  is  to  be  found  here,  several 
may  have  been  turned  away  :  in  fact,  we  know  this  to  have  been 
the  case  in  one  instance,  and  in  that  instance  the  drawing  admitted 
is  precisely  the  one  which  its  author  cared  least  of  all  about. 

Knowing  as  much  as  we  do,  we  cannot  help  suspecting  that  a 
great  many  more  ugly  revelations  might  be  made,  and  a  good  deal 
brought  to  light  that  would  accuse  the  Academy  of  most  prepos- 
terous mismanagement  in  this  department  of  its  exhibitions,  if  of 
nothing  worse.  That  architecture  is  there  most  unwelcome,  there 
can  be  no  doubt.  That  has  been  growing  more  and  more  evident 
for  several  years  past.  And  to  the  chilling  coldness  with  which  it 
is  regarded  and  treated  by  the  general  body  of  Academicians,  may 
perhaps  be  attributed  the  forbearance  of  their  architectural  brethren, 
and  the  discountenancing,  as  far  as  in  them  lies,  the  practice  of 
exhibiting  architectural  drawings  at  all.  In  the  days  of  Sir  John 
Soane,  it  used  to  be  the  custom  for  the  Academy's  Professor  of 
Architecture — at  least  he  made  it  such — not  only  to  contribute, 
but  to  contribute  each  season,  and  to  contribute  abundantly.  The 
present  Professor,  on  the  contrary,  chooses  to  put  himself  upon  the 
shelf,  where  he  lies  wedged  in  between  Colonna,  Vitruvius,  and  a 
good  many  other  very  mouldy  and  musty  matters, — and  wedged 
there  so  fast,  that  it  seems  he  cannot  get  down  for  a  moment  to 
look  at  and  protest  against  the  outrageous  doings  in  the  arcliitec- 
tural  room.*  Most  enviable  state  of  repose !  it  saves  him  from 
being  horrified.  Mr.  Barry  has  of  course  other  and  far  better 
"  fisli  to  fry."  Sir  Robert  Smirke  has  been  all  along  a  nonentity 
in  the  Academy — sa\e  that  he  is  its  treasurer,  and  keeps  a  keen 
eye  upon  its  '■^shillings."  We  should  just  as  soon  expect  to  find  a 
design  by  one  of  the  porters  as  by  him.  Mr.  Hardwick  and  the 
new  associate,  Mr.  Sydney  Smirke,  are  the  only  architects  con- 
nected with  the  Academy  who  condescend  to  let  us  see  anything 
of  theirs  in  the  Exhibition. 

Such  being  the  case,  we  can  forgive  the  editor  of  the  Art-Union 
for  so  strongly  objecting,  as  he  lately  did,  to  architects  being 
elected  into  the  Academy.  Unless  they  enter  it  with  the  inten- 
tion and  full  determination  of  really  representing  their  own  art 
there, — of  upholding  and  promoting  its  interests,  the  "  R.A." 
so  acquired  becomes  more  of  a  reproach  to  them  than  an  honour. 
They  only  take  upon  themselves  the  ungenerous  and  odious  part  of 
the  dog-in-the-manger ;  doing  nothing  themselves  for  either  the 
Academy  or  for  architecture,  and  excluding  from  the  former  those 
who  deserve  to  be  in  it,  because  they  would  prove  active  and  effi- 
cient members.  There  being  so  few  architect-Academicians,  is  the 
very  strongest  reason  possible  why  those  few  should  exert  them- 
selves manfully,  instead  of  sitting  by  most  tamely,  while  architec- 
ture is  all  but  actually  kicked  out.  For  it  to  be  kicked  out  alto- 
gether would  perliaps  be  less  ignominious  than  to  be  treated  as  it 
is  at  present.  Probably,  next  year  the  architectural  drawings  will 
be  thrust  aside  into  the  Octagon-room — a  hole,  never  intended,  we 
presume,  by  Wilkins  to  form  one  of  the  exhibition  rooms, — for 
this  season  most  terrible  inroad  has  been  made  by  the  painters 
upon  the  s])ace  hitherto  allotted  to  such  subjects,  and  to  which 
tliey  might  be  supposed  to  have  acquired  prescriptive  right.  The 
wliole  of  the  east-end  of  the  room  is  now  given  up  to  oil-paintings, 
— not  that  we  should  at  all  complain  of  that,  provided  they  were 
strictly  architectural  in  subject,  instead  of  being  the  refuse  of  the 
works  of  their  kind  in  the  E.xhibition,  with  such  charmingly  namby- 
pamby  titles  as  "  The  Pet,"  "  Aifection's  First  Offering,"  and  others 
of  the  same  "mmN/"  and  lack-a-daisical  stamp.  Had  no  architect- 
Academician  courage  to  protest  against  such  an  invasion  of  the 
architectural  territory  on  the  walls  .''  Was  there  not  in  the  whole 
Academical  conclave  one  single  Abdiel 

'*  Faithful  found 
Among  the  faithless,  faithful  only  he 
Among  tile  innumeratiie  falsp,  unmovedp 
Unsiialien,  nnseduced.  unterrified. 
His  loyalty  liept,  his  love,  his  zeal"? 

That  there  was  not  even  one  such  seems,  for  had  such  one  there 
been,  either  his  remonstrances  would  have  had  due  effect,  or  he 
himself  would  have  withdrawn,  and  renouncing  the  brummagem 
honour  of  R.A.,  would  have  escaped  the  ignominy  of  being  con- 
founded with  the   faithless, — for  as  matters  stand,  the  being  an 

*  Wilkins,  during  his  professorship  at  the  Academy,  exhibited  only  two  sioall  draw- 
ings, and  those  showed  us  his  very  worst  work  of  all— Downing  College,  Cambridga.  Tha 
present  Professor  has  shown  at  hast  more  discretion,  for  instead  of  exposing  to  crilioism 
any  architectural  design  of  his  own,  he  exhibited  first  what  was  only  a  medley  conglo- 
meration of  Sir  C.  Wren's  buildings  ;  and  nest  and  lastly,  merely  a  sculptural  cemposl- 
tion  tor  a  pediment  in  a  building  erected  by  another  architect. 
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architect  and  Royal  Academician  is  very  much  like  l)einfr  a  triiit.ir. 
Nor  is  it  to  such   alone  that  it  is  reproach  that  tliey  slioukl  liayo 
allowed  architecture  to  he  reduced  to  the  defrradiii!^  posituju  m 
which  it  is  now  at  the  only  Exhibition  ojien  to  it  at  all,  tor  it  very 
strongly  reproaches  the  Institute   of  liritish  Architects  also,  %vlio, 
instead'of  contributing  to  the  architectural  deiiartiueut  ot  the  Kx- 
liihition,  and  of  coming  to  its  rescue  in  the  luuir  of  its  imminent 
peril,  content  themselves  with  standing  aloof  in   sulky   (liginty. 
That  those  who  act  the  part  of  cyphers  in  the  Institute,  sliould  luit 
show  themselves  elsewhere  to  be  other  than  cyphers,  is  not  much 
matter  for  wonder,— perhaps  even  less  for  regret.     But  its  stars 
the  luminaries  who  shine  so  brightly  in  Grosvenor-street,— can  it 
be  that  their  talent  quite  exhausts  itself  in  talking,  and  evaporates 
ere  it  can  give  any  manifestation  of  itself  in  Trafalgar-square . 
Half  the  business  of  the  Institute  seems  to  consist  in  voting  thanks 
to,  and  complimenting  each  other;  which,  for  any  good  that  the 
rest  of  it  does,  may  pass  for  the  better  half  of  it.     In  the  mean- 
while, both  the  Institute  and  the  Academy  seem  alike  to  shut  their 
eyes  to  some   of  the  consequences   of  their   i)inoce)>t   indolence. 
Although  they  are  not,  it  would  seem,  directly  responsible  to  any 
one  for  their  doings  or  non-doings,— for  their  sins  of  commission 
or  of  omission,— it  behoves  them  to  pay  some  little  respect  to 
public  opinion,— and  to  preserve  if  possible,  decency  ot  appear- 
ances.    After  long  hovering  upon  the  verge  of  it,  the  Academy 
has  at  last  overstepped  that  line  of  discretion  and  safety.     It  has 
this  season  put  the  "last  feather"  upon  the  camels  back,     the 
time  for  remonstrance  has  passed  away,  since  remonstrance  lias 
been  tried,  and  has  proved  fruitless,  or  worse  than  fruitless.   What 
has  hitherto  been  remonstrance,  and  perhaps  unpalatably  severe 
admonition,  will  now  become  unsparing  objurgation.     Unless  the 
architects  of  this  country  be  the  meanest-spirited  creatures  con- 
ceivable, they  will  m,w  break  out  into  open  rebellion  against  the 
Academy,  and  tlien,  when  pi-u.rhmi.'i  ardet  Ucehigon,  will  the  Insti- 
tute be  kble  to  escape  unsinged  ?     There  is,  indeed,  what  it  might 
make  use  of  as  a  "  fire-escape  ;"  yet  whether  it  has  sagacity  enough 
ever  to  avail  itself  of  such  means  is  to  us  very  doubtful.      1  he^pro- 
bability  is,   that  it  will  prefer  the  fate  of  a  martyr— prefer  being 
ToaM  alive,  to  making  the  least  eff(n-t  that  would  break  the  spell 
of  its  present  v/.s-  inertUe.     Let  us  hope  then  that,  come  what  may, 
its  charter  is  written  upon  asbestos.     At  least,  let  that  Palladium 
be  saved,  if  only  to  be  deposited  in  the  British  Museum,  where  it 
may  in  time  come  to  be  looked  upon  with— veneration. 

Those  who  imagine  that  we  are  now  writing  in  mere  reckless  gamete 
de  cmin;  are  exceedingly  mistaken.  It  is  with  feelings  ot  sorrow, 
mingled  with  shame  and  indignation,  that  we  pen  what  is  likely 
enough  to  be  set  down  for  mere  flippancy  ;— with  sorrow  tor  the 
contumely  cast  upon  the  art  we  love,— with  shame  for  those  who 
are  themselves  shameless— with  indignation  against  those  Judas- 
like friends  of  architecture,  who  betray  it  with  their  kisses.  Good, 
easy  creatures  !— do  they  suppose  that  they  are  unnoted  and  un- 
marked by  other  eyes,  merely  because  they  choose  to  shut  their 
own  ?  To'  the  public,  all  may  seem  calm,— and  a  desperately  dead 
calm  it  is  ;  but  a  speck  has  been  seen  in  the  sky,  that  announces 
a  gathering  tempest.  What  will  come  of  it,  should  anything  come 
of  it  at  all,  will  be  felt  in  due  time  ;  and  then,  perhaps,  "  Sauve  qui 
pent"  will  be  the  cry.     Of  that,  however,  no  more  at  present. 

There    are,  as  we  have   already   said,   no   productions   at  the 
Academy  this  season,  of  that  class  which  ought  to  make  not  the 
least  figure  of  all  in  the  Architectural  Room— namely,  models  ot 
buildings  ;  although  there  is  still  admitted  there  the  usual  number 
of  works  that  would  be  far  more  appropriately  treated,  either  in  the 
Miniature  or  the  Sculpture  Room.     For  aught  we  know  architec- 
tural models  may  have  been  offered  and  turned  away.    All  we  know 
is,  that  things  there  are  of  the  kind— and  very  interesting  things  ot 
the  kind—which  neither  are  nor  ever  have  been  exhibited.     Re- 
gret, however,  is  greatly  mitigated,  and  surprise  almost  entirely 
dissipated,  when  we  call' to  mind  the  ungracious  churlishness  with 
which— judging  from  the  awkward,  huddled-up  manner  m  vyhich 
they  are  generally  arranged,— models  seem  to  have  been  admitted. 
Such  exceedingly  glaring  mismanagement  is  visible  at  the  hrst 
glance,  that  we  cannot  help  imputing  it  to  intention,  and  to  the 
policy  which  worketh  by  cunning  and  stratagem.     Hardly  can  we 
give  the  hangers  credit  for   so  much  blundering  stupidity  as  now 
shows  itself  more  stronger  than  ever.     Policy  there  must  be  m  it, 
and  its  intention  seems  to  be  notliing  less  than  gradually  to  work 
the  expulsion  of  architecture  from  the  Academy,  at  least  from  the 
exhibitions,  by  disgusting  architects,  and  so  deterring  them  from 
sending  at  all— which  is  all  hut  completely  effected  already— and 
bv  rendering  the  show  of  architectural  drawings  as  unsatisfactory 
a'nd  uninteresting  as  possible,  till  they  come  to  be  looked  ujion  by 
tlie  public  as  mere  filling-up  rubbish,  that  has  no  right  to  be  there. 


Nor  is  it  the  "  hanging"  alone   which   is  to  be  complained  of, 
similar  perverseness  in   selecting  and  admitting  subjects.     There 
are  a  great  many  things   which,   although    architectural  in  subject, 
do  not  belong  to  the  Architectural  Room,  inasmuch  as  they  arc  not 
fresh  de-sH/ihi',  nor  are  the  ideas  they  sliow  those  of  their  respective 
exhibitor's.     They  are  merely  views  and  portraits  of  buildings,  and 
for  the  most  part  of  such  as  are  already  quite  familiar  to  every 
architectural  student.     We  do  not   go   into   that   room  to  look  at 
frames  containing  such  stale  matters  as  the  Partlienon  and  other 
ragged  ruins,  whether  Greek,  Roman,  or  English  ;  or  at  such  rari- 
ties as  our  own  City  churches.     If  views  or  other  copies  are  admis- 
sible at  all,  thev  ought  at  least  to  be  confined  to  such  as  repre- 
sent unedited  subjects,— which,  were  they  sought,  might  be  found 
in  abundance :  were  there  no  other,  one  there  is  which  has  never 
been  touched  by  the  pencil— viz.,  the  colonnades  in  the  court-yard 
of   Burlington   House.      Or    if   enow  of    subjects  are  not  to  be 
found  here  at  home,  they  are  to  be  got  at  without  going  quite  so 
far  as  Athens  and  Egypt,  for  they  present  themselves  at  Pans, 
Munich,  Berlin,— almost  at  every  step  on  the  continent.     M  ithout 
going  so  far  as  to  prohibit  them  altogether,  there  ought  to  be  some 
sort  of  restriction  with  regard  to  what  are  merely  topographical 
and  architectural  views.     Some  judgment  might  surely  be  exercised 
in   determining   their   admissibility.       Superior   talent   shown   in 
execution  might  fairly  enough  be  allowed  to  be  passport  for  what 
possessed  no  great  novelty  of  subject ;  but  to  find  so  many  things 
as  we  do,  that  possess  no  redeeming  qualities  that  might  excuse  the 
staleness  or  insipidity  of  their  subjects— and  some  of  them  occu 
pying  far  better  places  than  original  designs,— is  not  a  little  pro- 
voking. .        !/•  .        1.       « 

That  such  evident  mismanagement  as  declares  itselt  in  the  Ar- 
chitectural Room,  should  be  persisted  in  season  after  season,  with 
a  growing  tendency  to  worse  instead  of  at  all  to  better,  is  to  us 
nothing  short  of  marvellous.  The  Academy— its  architect-mem- 
bers included— seem  not  only  to  be  utterly  indifferent  themselves  to 
the  architectural  part  of  their  exhibitions,  but  also  to  imagine  that 
every  one  else  is  equally  indifferent.  Yet,  surely  complaints 
must  from  time  to  time  have  reached  their  ears.  Their  being  dis- 
ren-arded  is,  perhaps,  to  be  attributed  to  their  having  been  uttered 
in^too  mild  a  tone  ;  and  if  so,  they  ought  now  to  be  thundered 
forth  so  loudly,  that  the  Academy  cannot  possibly  pretend  not  to 
hear  them,— a'nd  hearing  them,  cannot  but  pay  some  sort  of  decent 
attention  to  them. 

After    this    unusually  long  proem— querulous  also,  we   admit, 

though  not  without  ample   reason,  and   perhaps  more   energetic 

than  polite  in  tone,— we  proceed  to  say  something  of  the  few  draw- 

rk  in  the  present  Exhibition.     The  hangers  have 


ings  of  any   mar__  _  .  ,       ,    -  /■ 

taken  care  that  we  shall  not  gratify  our  curiosity  by  the  very  hrst 
subject   whose   title   excites   it— viz.    (No.     1095),    "Design   for 
embellishing  the   new   Coffee-room   at   the   Carlton   Club-house, 
carried    out  in  Encaustic   Colours,"  F.    Sung.      For  auglit    that 
can  be  discerned  of  the  encaustic  embellishments,  this  drawing 
might  nearly  as  well  have  been  hung  with  its  face  to  the  wall,  or 
at  least  turned  topsy-turvy,  as  be  placed  where  it  is— immediately 
next  to  the  ceiling.  '  We  remember  being  much  gratified  by  three 
drawings  of  the   hall,   &c.,  of  the  Conservative  Club-house,  ex- 
hibited a  season  or  two  ago  by  the  same  artist ;  and  which,  for  a 
wonder,  were  placed  where  they  could  be  inspected.     The  drawing 
now  exhibited,— e\h\hited  at  least  in  the  catalogue,  though  put  out 
of  sio-ht  in  the  room,— is  no  doubt  equally  interesting.     Not  at  all 
unreasonable  is  it  to  suppose  that  it  shows  improvement,  rather 
than  any  falling-oif,  on  the  part  of  Mr.  Sang.     Subjects  of  that 
class  are  not  so  very  numerous,  that  we  can  afford  to  be  cheated 
out  of  the  opportunity  of  examining  them.     Possibly,  Mr.   Sang 
himself  may  feel  consoled  by  the  Ijonour  of  being  an  exhibitor  ; 
and  by  getting  his  ticket  of  admission— all  that  many  of  the  ex- 
hibitors seem \o  care  for ;  but  we  have  nothing  to  console  us  for 
tlie  provoking  disappointment  to  which  we  have  been  subjected. 

The  next— (No.  lO'Jii),  "  Prize  design  for  the  proposed  Army  and 
Navy  Club-house  in  Pail-Mall,"  G.  7;/«t'raa//,— occupies  a  similarly 
lofty  though  certainly  not  conspicuous  station.  Having  seen  it 
before  at  the  exhibition  of  the  competition  designs  for  that  Club- 
house'we  do  not  at  all  regret  that  it  is  placed  where  we  cannot 
see  it' again;  but  we  think  that  Mr.  Tattersall  himself  must  be 
anytliiu"-  but  well  pleased  with  the  hangers  for  putting  his  "  Prize 
Desio-n'^^so  far  out  of  sight,  and  his  other  somewhat  queerish  de- 
sign for  the  same  building  (No.  12'29),  in  a  much  better  situation, 
—we  do  not  say  the  most  advantageous  one  for  it.  As  we  ex- 
pected there  are  many  other  designs  for  the  same  Club-house,  in- 
cluding the  adopted  one  (No.  1187),  by  Messrs.  Pariiell  and  Smith. 
This  was  known  to  us  before,  a  copy  from  the  same  drawing  hay- 
ing been  given  in  a  contemporary  publication,  wherefore  we  would 
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rather  have  founrl  here  something  that  would  have  enahlefl  us  to 
judire  of  the  interior.  By  not  doing  so,  we  perhaps  miss  very  little, 
for,  from  what  has  been  said  of  it,  the  plan  appears  to  be  excessively 
comnion-]>lace.  There  are  about  half-a-dozen  other  designs  for 
the  same  Club-house;  therefore,  instead  of  being  scattered  about  on 
the  walls,  and  some  of  them  put  where  they  are  scarcely  visible,  it 
would  have  been  lietter  to  have  collected  them  into  a  group.  We 
should  have  preferred  seeing  here  the  respective  sections,  for 
those  drawings  were  not  exhibited  at  LichKeld  House,  although 
some  of  the  plans  convinced  us  that  the  sections  belonging  to  them 
must  have  been  more  than  usually  interesting.  Sections,  however, 
are  not  at  all  in  fa\-our  with  the  Academy  ; — are  things  by  far  too 
prosaic  to  be  admitted  into  their  Architectural  Room.  Isometri- 
cal  perspectives  of  prisons  are  in  their  opinion  more  artistic  draw- 
ings and  dignified  subjects  than  sections  of  even  palatial  club- 
houses. Such  doggrel  mode  of  drawing  as  isometrical  perspective 
tolerated  on  the  walls  of  a  Royal  Academy  ! 

Designs  for  Railway  Stations  are  quite  as  numerous,  perhaps 
even  more  numerous,  than  those  for  the  Club-house  ;  and  they  may 
be  allowed  to  show  a  good  deal  of  variety,  with  a  good  deal  of 
sameness, — variety,  inasmuch  as  they  conform  to  no  generic  cha- 
racter, but  assume  all  sorts  of  masquerade,  from  the  costume  of 
almshouses  to  that  of  aristocratic  mansions  ; — and  sameness,  inas- 
much as  they  nearly  all  affect  to  look  prodigiously  "  olden-time-ish" 
— a  very  great  projiriety,  no  doubt,  when  we  consider  how  many 
centuries  ago  it  is  since  railways  were  first  established.  A  herald 
would  trace  them  back  to  the  Conquest,  at  least,  and  make  out 
that  they  came  over  with  the  Normans.  Sameness,  too,  there  is  with 
respect  to  ))aucity  of  ideas,  and  poverty  of  invention.  If  we  con- 
sider them  merely  as  drawings,  showing  imitations  of  the  respective 
styles  and  classes  of  buildings,  some  there  are  well  enough  en- 
titled to  approbation,  but  hardly  so  as  designs  for  a  specific  and 
wholly  nn-precedentcd  purp(jse,  and  accordingly  demanding  to  be 
invested  with  some  sort  of  specific  character. 

CTo  be  continued. ) 


ON  ARCHITECTURE  AND  PAINTING, 

ESPECIALLY  IN  RELATION  TO  THE  EKECTION  OF  PROTESTANT  CHIRCHES. 

Letters  written  from  Italy,  by  W.  M.  L.  De  Wette,  D.D.,  Professor 

at  Basle. — [Abridged  from  the  German.] 

If  one,  who  like  myself,  is  merely  an  amateur  of  art,  and  quite 
a  stranger  to  techincism, — ventures  to  lay  down  principles  and 
give  advice,  he  may  be  sure  of  encountering  the  prejudices  of 
artists  and  critics  by  profession.  If  he,  moreover,  steps  forth,  witli 
a  certain  independenceof  judgment,  on  an  area  where  tradition  and 
custom  sway  all  miruls — fearless  of  touching  at  some  of  the  ex- 
istmg  prejudices,  his  giving  offence  is  unavoidable.  Still,  I  shall 
make  the  venture,  and  my  ignorance  of  technicism  deters  me  the 
less, as  I  have  found  that  technicists  veryoften  mistake  the  true  scope 
of  art,  on  account  of  their  predilection  for  that  sort  of  mastership — 
a  prejudice,  from  which  I,  at  least,  am  free.  I  may  possibly  be 
taunted  with  other  prejudices  and  with  one-sidedness ;  still,  I 
hope  to  give  some  useful  hints. 

I  begin  with  a  few  remarks  on  painting ;  and,  without  wishing 
to  enter  into  a  definition  of  what  it  is,  or  ouyht  to  be,  it  is  certain 
that  its  destination  is  to  convey  representations  and  feelings  to 
the  mind.  But  all  representations,  be  they  what  they  may — either 
intuitions  of  the  senses,  or  images  of  the  fancy,  or  conceptions 
of  the  reason,  or  ideas  of  the  mind, — consist  of  two  elements ;  one 
suggested  by  experience,  and  another  appertaining  to  the  activity 
of  the  mind  :  one  real-sensual,  and  one  real -spiritual  and  primordial. 
In  the  intuition  of  senses,  the  first  element  preponderates  so  much, 
that  we  may  be  tempted  to  consider  it  the  onlij  one ;  but  the  more 
accurate  observer  will  soon  perceive  that  the  mind  has  also  its 
share  in  it.  It  is  it,  which  impresses  form  to  the  matter  of  the 
senses — receiving-  that  which  it  has  viewed,  within  the  pale  of  his 
other  observations,  and  converting  it  into  an  intuition.  The  pro- 
ducts of  imagination  may  appear  to  a  superficial  observer  as  some- 
thing produced  by  the  mind,  but  the  substance  of  it  appertains 
entirely  to  the  experience  of  senses ;  imagination  having  merely 
decomposed  it,  and  combined  it  in  another  shape  and  way.  Even 
the  ideas  of  the  mind  (be  it  in  art  or  otherwise)  are  no  absolute 
produce  of  our  thinking  faculties ;  being  merely  deduced  from 
experience. 

Undoubtedly,  the  arts  have  risen  from  the  imitation  of  nature, 
from  the  representation  of  the  really  existing — and  even  their 


present  process  and  progress  are  the  same.  Thus,  while  conced- 
ing, that  in  any  art-object  so  much  of  the  real  be  existing,  we  may 
be  induced  to  doubt  how  far  ideality  may  enter  therein  at  all.  But 
if  we  take  the  dift'erence  between  a  picture  and  a  daguerreotype, 
the  case  «ill  become  perfectly  clear.  In  the  former,  that  which 
occurs  to  the  external  eye  piecemeal,  must  be  seized  by  the  mind 
and  intellect  as  a  whole — and  put  forward  as  a  self-existing,  inde- 
pendent object.  For  the  fir^t,  besides  nature,  models,  antiques, 
anatomy,  &c.,  are  used,  all  which  will  yield  materials  on  which  the 
artist  can  and  may  dwell ;  but  imagination  will  supplant  many  of 
these  helps,  as  we  see  in  Raffaelle,  who,  after  ha\ing  devoted 
nearly  his  whole  talent  to  painting,  became  the  conijileter  of  the 
finest  modern  edifice  in  the  world ;  we  mean  the  dome  of  St.  Peter 
— which  will  lead  us  to  a  more  detailed  inquiry  on  the  art  of  the 
builder. 

Architecture  may  be  called  the  most  diflScult  of  arts,  as  it  is  a 
fact  that  its  products  have  experienced  the  most  opposite  and  most 
severe  criticism.  The  reason  for  this  might  be  found  in  architecture 
being  not  sufficiently  free— heins:,  as  no  other  branch  of  art,  tied  u]> 
to  a  certain  scope;  and  only  after  this  is  accomplished,  the  de- 
mands of  the  beautiful  may  and  can  be  attended  to.  On  the 
other  hand,  the  freedom  accorded  to  the  architect  is  something  very 
vague,  as  lie  cannot  follow  any  prototypes,  but  (as  in  music)  has  only 
to  be  guided  by  the  internal  measure  of  mathematical  intuition,  or 
the  judgment  of  proporti(ui  and  a?sthetics.  This,  however,  can 
never  aiford  such  certain  and  stable  rules  as  the  other  arts  have 
deduced  from  the  observation  of  nature,  iS:c.  Amongst  the  many 
styles  of  architecture  are  the  Egyptian,  the  Greek,  the  Byzantine, 
the  Moresque,  and  Gothic  ;  and  in  every  one  of  them  architectural 
beauty  can  be  achieved.  In  this  incertitude  of  leyi.slation,  if  we 
may  so  call  it,  the  chance  of  falling  into  the  arbitrary,  burlesque, 
or  absurd,  is  greater  than  in  most  other  arts. 

The  surest  way  is — to  start  in  architecture  from  the  scope  giren, 
as  the  other  fine  arts  start  from  observation  of  nature,  which  with 
all  of  them  constitutes  their  store  of  reality  ( Boden  der  RealitiitJ, 
and  by  which,  after  all,  the  character  of  the  architectural  style  is 
deterinined.  Because  it  is  easy  to  conceive,  that,  for  instance,  the 
Grecian  temple  and  the  mediwval  church  are  mostly  shaped  after 
the  circumstances  of  climate  and  their  respective  scope  and  usage. 
To  choose  a  style,  not  adapted  to  our  wants,  is  an  imitation  bare 
of  character — which,  however,  is  frequently  to  be  met  with  now- 
a-days.  A  similar  tendency  of  imitation  and  dangling  with  the 
antique  and  the  foreign,  and  a  want  of  originality,  pervades  much 
of  modern  art,  but  nowhere  more  than  in  architecture,  where  it 
seems  that  all  traceof  inventiveness  has  exploded;  still,  this  cannot 
be  the  case,  as  our  most  modern  times  must  have  and  have  wants 
of  their  own.  This,  most  assuredly,  is  tlie  case  with  Protestant 
(evangelic)  church  architecture,  to  which  the  particular  character 
of  our  worship  prescribes  especial  rules,  which,  however,  have  not 
yet  been  attended  to.  If  we  refer  the  word  "  Church"  to  the 
original  Ecclesia — a  congregation,  the  importance  of  the  sermon 
becomes  with  us  paramount  ;  far  more  so  than  it  ever  had  been 
with  the  old  (Papal)  church.  Taking  the  sermon  as  the  chief 
feature  of  our  worship — the  scope  and  aim  of  a  Protestant  church  can 
easily  be  explained.  For  the  sake  that  the  aim  of  a  sermon  (like 
any  other  speech)  be  accomplished,  the  orator  must  not  only  be 
heard,  but  .seen  by  all.  This  applies  with  equal  force  to  the  orator 
himself,  as  he  requires  to  have  all  his  hearers  within  the  reach  of 
his  eye,  to  enter  with  them  into  a  liviny  contact,  which  some  may 
call  mesmeric.  For  this  aim,  the  churches,  as  they  have  come 
down  to  us  from  Cathtdicism,  are  not  appropriate.  In  a  Basilica  or 
Gothic  church,  with  one  or  two  lateral  naves  and  a  choir,  the 
pulpit  cannot  be  conveniently  placed,  nor  the  orator  heard ;  which 
is  the  reason,  that  in  Italy  a  large  cover  or  caiiiet  is  spread  over  the 
pulpit  and  main'  nave  on  festival  occasions.  The  new  spirit  of 
Christianity  could  not  re-model  everything  at  once,  and  especially 
in  the  department  of  architecture :  it  adapted  itself  to  the  already 
existing.  Roman  Basilicas  were  converted  into  Christian  churches, 
and  retained  by  custom  their  mis-appropriate  form. 

That  which  serves  the  purpose  of  the  sermon  is  also  in  accord- 
ance with  the  spirit  of  a  truly  evangelic  worship — which  is,  that 
the  congregation  be  conscious  of  their  communion  and  community 
during  the  time  of  divine  service ;  and  for  this  aim,  not  only  the 
preacher,  but  every  one  attending  ought  to  see  all,  for  the  sake  of 
arriving  at  the  conviction  that  they  are  a  community  !  But  the 
life  of  community,  which  existed  in  such  eminence  amongst  the  first 
Christians,  exploded  gradually,  as  priesthood  became  paramount, 
until  all  idea  of  a  consregation  (community)  degenerated  into  that 
of  a  complete  priest-hierarchy.  In  Catholic  churches,  such  things 
as  congregations,  properly  speaking,  never  exist ;  but  one 
portion   attends  to  the  mass,  others  pray  at  the  several  altars. 
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others  come  to  and  fro  ;  and  even  the  preacher  has  only  a  portion 
<>f  tlie  jieople  around  him.  The  jiriesthood,  ahine,  form  a  eompact, 
uniform  hody,  which,  liowever  secludes  itself  in  the  choir,  taken 
up  with  particular  functions.  In  this  part  of  Cathidic  duirches, 
as  well  as  iu  tlieir  whole  structure,  the  want  of  community 
is  apparent ;  and  if  it  had  hcen  as  easy  to  erect  new  churclics  as  to 
chanjie  a  oreeil,  Protestants  ouj^ht  never  liave  used  Catholic 
churches  for  their  worship.  Necessity,  however,  prevailed,  and 
some  of  these  older  structures  deserved  preservation  on  account  of 
their  heauty.  Still,  it  is  a  dereliction  of  duty,  if  new  Protestant 
churches  are  huilt  in  the  form  of  Basilicas  or  the  old  cross  shape. 

It  is  not  our  province  to  make  any  specific  pro]>OK(ils  for  the  erec- 
tion of  Protestant  churches ;  still,  it  is  the  duty  of  our  architects 
to  search  after,  and  to  discover  that  form — provided  all  |iower  of 
invention  has  not  left  our  a^e  !  So  much  we  may  say,  that,  ac- 
cordinfj;  to  our  foref^oinn;  reasoniiiir,  this  form  ought  to  a])proach 
the  circular  or  elliptic.  The  rourul  form  may  possess  some  disad- 
vantages in  an  acoustic  point  of  view,  hut  we  do  not  douht  that 
they  can  be  overcome  by  study  and  research. 

While  thearchitect  attends  to  the  scope  of  a  building.he  has.  espe- 
cially in  public  buildings,  also  to  take  cure  «f  its  charncternfljeiiiity. 
All  nations  have  imparted  to  their  sacred  edifices,  beauty,  citaracter, 
and  siihlimiti/ ;  and  Protestantism,  if  it  comprehend  the  vocation 
of  religion,  cannot  neglect  the  above  recpiisites  of  sacred  buildings. 
The  aim  of  worship  requires  an  adequate  and  worthy  ex])ansion  of 
space.  The  sentiments  of  holy  earnest,  of  pious  peace  and  adora- 
tion, will  receive  much  additional  strength  from  a  worthy  and 
adorned  locality. 

It  has  often  been  asked,  u-hat  constitutes  the  beauty  of  an 
edifice.''  Surely  no<  the  costly,  glittering  materials  which  Catho- 
licism has  scpiandered  on  them  in  Italy,  partly  from  heathenish 
spoils  transferred  there.  Another — and  we  say  a  .superior  mind 
reflects  from  the  Gothic  churches  of  the  north  of  Europe.  The 
temples  of  Pa^stum,  superior  to  a/l  the  ruins  of  Rome,  are  of 
travertine;  which  coarse  material,  however,  is  deified,  as  it  were,  by 
the  exquisite  form  and  proportion.  It  is  form  which  constitutes 
beauty — whicli,  after  all,  is  but  form  jierfect.  Both  appertain  to 
the  mind  ;  mind  creates  form,  and  then  reflects,  with  ecstacy,  on 
his  own  work — the  laws  of  its  own  being  brought  to  manifestation 
• — beaut)'. 

Certainly,  before  an  intuitive  observation,  the  distinctions  of 
material  and  form  vanish.  Certainly,  marble  is  more  pleasing  to 
the  eye  than  gritstone,  on  account  of  its  finer  component  parts  and 
colour,  which  both  are  forms.  The  architect  cannot  disdain  the 
nobler  material  on  this  account,  as  well  as  for  its  greater  plasticity 
and  adaptation  to  elaborate  workmanship.  The  custcjin  to  con- 
struct public,  especially  sacred,  buildings  of  noble  materials,  and 
to  adorn  them  costly  and  splendidly,  is  most  ancient,  and  based  on 
a  true  sentiment  of  our  mind.  Everything  rests  here  on  certain 
proportions  and  measures  ;  as  also  the  connection  between  material 
and  form  obeys  the  same  laws.  Even  a  building,  or  parts  thereof,  the 
interior  of  a  church  or  hall,  may  become  heavy  and  cumbersome  by 
being  overloaded  with  ornaments,  on  account  of  form  being  here 
obscured  and  borne  down  by  material.  The  latter  is  the  case 
with  the  Milan  Domo,  the  outside  of  which  is  too  rich  in  ornament, 
while  the  inside  is  grand  and  sublime. 

The  beautiful  in  architecture  can  be  divided  into  several  radii 
which  we  shall  attempt  to  enumerate,  in  accordance  with  the  relation 
of  their  usefulness  and  adaptation.  The  latter  may  be  raised  to 
beauty,  or  even  sublimity — if  the  size  by  far  outstrips  the  bounds  of 
absolute  necessity.  The  scope  of  religious  assemblages  requires  but 
a  limited  height  of  space;  but  the  tendency  of  art  soars  beyond 
that,  and  attempts  to  expand,  conjointly  with  material  space,  our 
feelings  and  sentiments.  Another  way  of  achieving  beauty  is  to 
employ  greater  means  and  aids  than  are  absolutely  necessary.  The 
building  may,  for  instance,  require  pillars  for  its  sup|)ort ;  but  art 
takes  hold  of  this  want,  and  increases  their  number  to  the  greatest 
amount  compatible  witli  true  proportion.  Finally,  the  scantiness 
and  stern  simj)licity  of  the  straight  line  may  be  increased  by  lines 
arcuated  and  wavy.  But  to  all  this  must  be  added  sometliiiiy  ine.i'- 
pressible  by  mere  words — h  hich,  however,  may  be  best  termed  har- 
mony, concordance,  and  unity  of  conception.  Size  and  height — 
fulness  and  diversity,  the  free  scope  of  form,  must  all  combine 
towards  unity  ;  and  naught  to  ai)pear  as  sujierfluous,  isolated,  or 
preponderant.  By  the  observation  and  comparison  of  a  number  of 
buildings,  and  by  abstracting  laws  therefrom,  certain  rules  of  pro- 
portion (numerical,  geometric,  and  others)  have  been  arrived  at ; 
to  which  ya»CT7(',s.s'  architects  are  accustomed  to  adhere  slavishly. 
But  the  true  laws  of  construction  lie  in  the  impression  a  building 
will  produce,  and  which  the  real  artist  will  know  how  to  anticipate 


by  some  sort  of  internal  art-intnitiim  ;  this  inward  conception  pre- 
cedes all  sketches  on  ])aper  or  parchment. 

Let  us  now  endeavour  to  sketch  that  impression,  which  a 
Protestant  (evangelic)  house  of  God  has  to  produce.  The  usual 
classification  of  the  (ireek,  Roman,  and  Gothic  may  serve  as  a 
starting  point.  The  Grecian  temple  is  conspicuous  for  its  mode- 
rate compass,  and  the  rectilinear  fcu-m  of  construction.  It  is  alto- 
gether the  type  of  the  polytheistic  mind  of  their  builders,  unable 
to  seize  the  greatness  of  One-Ood.  Still,  it  produces  the  efl'ect  of  a 
clear,  serene  majesty  ;  and  further,  the  Doric  may  be  said  to  be  more 
stern  than  the  others.  It  seems  to  us  the  fundamental  fault  of 
Michael  Angelo,  and  other  architects,  who  have  taken  the  antique 
for  their  prototype,  to  transfer  the  Grecian-Roman  style  into 
Christian  churches.  The  Doric  colonnade  would  have  been,  no 
doubt,  the  most  adapted  to  Christian  worship ;  but,  so  far  as  we 
know,  that  style  has  been  used  but  rarely;  substituting  for  it 
the  more  slender,  serene — nay,  lascivious  Ionian  and  Corinthian 
orders,  where,  at  times,  colossal  dimensions  were  introduced  to 
palliate  the  inconvenience  thus  arising.  But  already  the  Byzan- 
tine or  Romanic  style  of  architecture  had  changed  the  Greek  into 
one  more  apjiropriate  to  the  Christian  mind,  by  adopting  greater 
height — thei'ehy,  expanding  the  column  to  gigantic  proportions, 
and  substituting  the  round  arch  for  straight  lines.  For  the  exter- 
nal ornament  of  churches,  or  even  the  upper  parts  of  their  inte- 
rior, this  style  used  thin,  short  columns  with  arches,  over  which  a 
profusion  of  sculptural  and  mosaic  ornament  is  spread.  The  too 
stern  character  of  the  ensemble  is  thereby  modified,  and  amenity 
added  to  sublimity:  just  the  same  as  the  worship  of  the  true 
Christian  is  tempered  by  mildness  and  love. 

Gothic  church  architecture  has,  however,  achieved  the  greatest 
sublimity  of  religious  sentiment,  by  its  pointed  vaults  ;  but  here, 
also,  a  richness  of  ornamentation  unites  the  serene  and  lovely 
Peculiar  to  this  style  of  architecture,  is  the  mysterious  and  awe- 
inspiring,  which  arises  partly  in  the  structural  proportions  and 
forms,  and  partly  in  the  painted  windows,  spreading  a  mystic 
chiaroscuro  over  the  whole  expanse  of  space.  If  we  assume,  in 
fine,  that  Protestantism  has  developed  faith  and  adoration  to  its 
greatest  height  and  freedom,  there  can  be  no  dmibt  tliat  the 
character  of  sublimity, — viz.,  the  pointed  arch  style,  has  to  be 
chiefly  adopted.  It  can  hardly  be  <loubted,  that  the  adaptation  of 
this  style  will  permit  the  carrying  out  the  above-stated  requisites 
of  Protestant  worship,  consequent  on  its  very  essence  and  mind — 
yet,  we  acknowledge  that  a  sacred  edifice  thus  constructed  will  he 
much  different  from  a  Gothic  cathedral.  It  may  be  thought,  that 
the  character  of  the  structure  might  be  somewhat  modified  by  a 
greater  clearness  and  serenity  of  its  plan  and  conception.  Pro- 
testantism educates  towards  self-thought  and  clear  ideas  ;  hence- 
forth, even  its  external  manifestations  must  seek  for  clearness  and 
light.  As  the  congregation  has  to  see  itself,  as  bibles  and  books 
are  to  be  oftener  referred  to  than  with  Catholics — stained  windows 
will  not  be  adapted, — the  more  so,  as  the  frescoes  proposed  by  us 
as  a  chief  ornament  for  the  walls  of  the  interior,  would  be  quite 
confused  and  obliterated  thereby. 

Of  these  we  shall  speak  in  conclusion.  In  this  respect,  also,  a 
certain  chaste  economy,  if  we  may  say  so,  is  to  be  recommended. 
In  Catholic  churches,  not  rarely  a  sensual  profusion  of  marble  and 
gold  is  to  be  regretted,  and  at  the  same  time,  walls  and  ceilings 
are  overloaded  with  paintings.  This  medley,  however,  of  a  mot- 
ley coloration,  makes  an  especially  confusing  impression  on  the 
beholder.  Against  the  painting  of  ceilings  we  must  pronounce 
most  strenuously,  as  even  with  the  best  light  it  is  impossible  to 
view  th^i  with  the  requisite  quiet  and  ease;  the  outward  quiet, 
however,  of  the  beholder  being  the  necessary  condition  of  the  inner 
satisfaction,  which  is  the  aim  of  all  art.  At  times,  moreover,  the 
light  for  such  ceiling-paintings  is  quite  a  wrong  one,  as  is  the 
case  in  the  dome  of  Parma.  How  much  of  art  and  means  have 
been  wasted  in  ceilings,  and  how  slight  has  been  the  the  result ! 
On  ceilings,  art  should  not  ett'ect  but  an  adequate  and  harmonious 
display  of  colour  ;  at  the  utmost,  arabesques  or  facettes  are  to  be 
used,  as  is  the  case  in  some  of  the  churches  of  upper  Italy. 
Figures  and  groups  however,  ought  to  be  placed  at  a  convenient 
distance,  and  in  no  distorted  positions  or  fore-shortening.  If  our 
idea  of  a  communion  in  Protestant  congregations  be  assented  to, 
pictures  ought  to  he  used  but  rarely,  and  of  a  simple,  but  grand 
character ;  else  they  would  distract  the  attention  of  the  people. 
Large  historical  compositions  attract  too  much  attention ;  but 
figures  or  heads  of  great  and  pious  personages  will  he  more  a])pro- 
priate,  besides  requiring  only  a  limited  space. 

If  we  endeavour  to  combine  the  purport  of  our  foregoing  ob- 
servations— we  have  to  repeat,  that  painting  has  to  receive  a  real 
element  and  substratum  ;  architecture,   to  manifest   the  scope   of 
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adaptation  ;  all  pervaded  by  an  ideality,  which  appertains  to  the 
subject — an  intimate  connection  (permeation)  of  the  real  and  ideal. 
We  have  to  insist  on  compositions,  clear,  free,  and  well-combined  : 
in  fine,  the  preiionderance  of  the  art-sco])e ; — viz.,  to  hrinfi  the 
beautiful  and  sublime  into  external  existence,  and  thereby  to 
awaken  ait-feeliiijj-s— viz.,  feelinijs  of  serenity,  elevation,  and  con- 
tentment. We  cannot  foresro  to  express  our  opinion,  tliat  great 
rdltjion.-i  l)uildinirs  can  and  will  never  be  conceived  but  by  men  pos- 
sessing those  feelings  in  an  eminent  degree.  The  complication 
of  estimates  and  business  can  liardly  be  avoided  now-a-days  ;  l)ut 
composition  and  inspiration  can  alone  produce  huge  structures, 
worthy  and  able  to  inspire  the  people— a,  sentiment  they  cannot  any 
longer  be  kept  without. 

J  .  L V. 


RCGISTJBR     OP    WEAV    PATENTS. 


LOCOMOTIVE  ENGINES  AND  CARRIAGES. 

James  Pearso.v,  of  New  North-terrace,  Saint  David's,  Exeter, 

for  " certain    Improvements    in   locomotive   engines   and    carriages" 
—Granted  October  7,  1847;  Enrolled  April  7,  1848. 


Fig.  2. 

This  invention  applies  to  several  parts  of  locomotive-engines 
and  carriages.  One  part  consists  in  the  form  of  the  boiler,  which 
is  made  with  the  fire-box  in  the  middle  jiart  of  the  boiler,  instead 
of  being  at  one  end.  The  general  outline  of  the  boiler  is  such  as 
would  be  formed  if  two  locomotive  boilers  of  the  ordinary  con- 
struction were  placed  end  to  end  with  their  two  fire-boxes  about 
four  or  five  feet  apart,  and  then  the  parts  of  the  fire-boxes  below 
the  fire-door  were  joined  together  by  an  additional  piece  of  fire- 
Ijox,  so  as  to  connect  the  two  ends  together  into  one  large  fire-box 
in  the  middle  of  the  boiler  with  a  chimney  at  each  end  (fig.  1)  ; 
or  the  boilers  may  be  entirely  separate  and  distinct,  that  is  to  say, 
having  two  entirely  separate  and  distinct  fire-boxes  butting  against 
one  anotlier,  and  having  water  and  steam  communications  common 
to  both,  but  which  may  be  shut  off  from  either  boiler  at  pleasure. 
The  axle  of  tlie  driving-wheels  is  placed  in  the  middle  of  the 
boiler,  above  part  of  the  fire-box  and  below  tlie  foot-plate,  so 
that  any  desired  amount  of  weight  of  the  engine  may  be  brought 
upon  the  driving-wheels,  and  at  the  same  time  the  centre  of  gravity 
may  be  kept  very  low.  The  axles  of  the  trailing-wheels  are  placed 
below  the  cylindrical  part  of  the  boiler,  and  two  pairs  of  these  are 
placed  in  one  swivel-frame  at  one  end,  and  two  pairs  in  a  similar 
frame  at  the  other  end.  The  two  frames  are  coupled  together  by 
two  tension-rods  R,  (fig.  2).  Near  the  ends  of  these  rods  r,  are 
placed  springs  s,  made  of  vulcanised  india-rubber,  and  beyond 
these  springs  are  nuts  to  confine  them.  The  use  of  these  springs  is 
to  allow  each  swivel-frame  to  adjust  itself  to  any  inequality  of  the 


road,  and  to  bring  it  back  to  the  straight  position  when  the  road  is 
even.  The  swivel  centre-pin  p,  is  fitted  into  a  socket  q,  which  is 
allowed  to  slide  a  little  endways  in  guides  g,  to  allow  for  expansion 
and  irregularities,  and  the  holes  in  the  links  l,  are  made  oblong  for 
the  same  reason,  and  that  the  links  may  pull  instead  of  pushing. 
The  boiler  and  engines  are  supported  on  a  long  upper  frame  f,  whidi 
is  attached  to  the  lower  swivel-frames  by  the  two  centre-pins  p,  h, 
and  by  the  links  l,  at  the  end  of  the  engine.  The  whole  forming 
one  compound  swivel-frame. 

The  coke-box  a,  «,  is  placed  on  the  top  of  tlie  boiler.  The 
water-tank  may  be  on  a  separate  tender,  or  may  be  placed  between 
the  coke-box  and  the  boiler,  or  attached  in  any  other  convenient 
way.  The  two  steam-heads  may  be  connected  at  such  a  height  as 
is  convenient  to  leave  head-room  for  the  engine-man. 

Anotlier  part  of  the  invention  consists  in  the  application  of  an 
exhausting-fan  in  tlie  smoke-box  to  draw  the  heated  air  through 
the  tubes  of  the  boiler,  and  to  discharge  it  either  up  the  chimney, 
as  shown  in  fig.  1,  or,  if  preferred,  it  may  be  again  returned  as  hot 
blast  into  the  furnace.  This  fan  will  allow  the  use  of  waste  steam- 
pipes  of  a  large  size  direct  from  the  cylinder  into  the  open  air,  and 
so  avoid  the  great  pressure  on  the  back  of  the  piston  when  the 
ordinary  blast-pipes  are  used.  The  fan  or  fans  may  be  driven  by 
bands  from  pulleys  on  any  of  the  wheels  or  axles,  or  by  a  small 
engine  fixed  on  the  side  of  the  boiler,  which  may  also  if  required 
work  the  feed  pumps.  The  fans  if  driven  by  pulleys  must  each 
have  two  pairs  of  pulleys  and  suitable 
clutches,  one  pair  driven  by  an  open 
strap,  and  the  other  pair  by  a  crossed 
strap,  so  as  to  drive  the  fans  always  in 
the  same  direction,  whichever  way  the 
engine  may  be  going.  The  clutch-gear 
may  be  attached  to  the  engine  reversing- 
gear  if  required. 

Another  part  of  the  improvements 
relates  to  coupled  locomotive  engines, 
in  which  arrangement  the  compound 
swivel-frame  is  ado])ted.  There  are 
other  improvements  mentioned,  but  they 
are  merely  variations  of  those  already 
explained.  The  patentee  does  not  claim 
the  invention  of  swivel  or  "  bogie" 
frames  generally,  but  his  claims  are,  the 
compound  swivel-frame,  with  coupling- 
rod,  provided  with  elastic  springs  or 
cushions,  and  the  various  attachments  to 
the  upper  frame ;  the  form  of  boiler  ; 
the  use  of  exhausting-fans  for  obtaining 
strong  draught ;  and  the  compound 
swivel-frame,  connected  by  rods  with 
elastic  cushions,  and  provided  with 
guides  and  end  links,  as  above  de- 
scribed. 


CHRIMES'  PATENT    FIRE-COCK. 

The  accompanying  engraving  (one-third  the  full  size)  of  a  fire- 
cock or  valve,  is  a  substitute  for  the  ineffective  wood  plug,  now  in 
use  in  service  mains.  AVhen  under  constant  high-pressure,  it  forms  a 
substitute  for  fire-engines,  as  in  cases  of  fire  it  can  be  brought  into 
almost  instant  operation,  without  that  loss  of  time  and  waste  of 
water  which  the  use  of  the  wood  plug  involves.  It  can  be  also  ex- 
peditiously, cheaply,  and  most  effectually  applied  to  the  watering 
and  thorough  cleansing  of  streets,  courts,  alleys,  public  buildings, 
windows,  &c. ;  and  in  railway  stations,  to  almost  every  use  for 
which  a  free  supply  of  water  is  required,  including  supplying 
engine-tenders,  cleansing  carriages;  and  it  is  also  adapted  for 
watering  gardens  and  pleasure-grounds,  and  by  the  application  of 
suitable  outlets,  for  syringing  fruit-trees.  It  is  especially  adapted 
for  high-pressure  supplies,  as  from  the  circumstance  of  the  valve 
part  of  it  being  closed  by  the  pressure  of  the  water,  the  higher 
such  pressure  becomes,  the  more  is  the  tightness  of  the  valve 
secured,  and  effectual  safety  from  leakage  insured.  One  great 
advantage  it  has  over  the  ordinary  fire-plug  is,  that  the  stand-pipe 
with  the  hose  can  be  placed  on  to  the  valve  without  the  escape  of 
any  water,  although  the  mains  may  be  charged  with  water  at  a  higli 
pressure. 

By  the  present  system,  unless  a  cock  is  attached  to  the  branch 
of  a  fire-plun-  a  great  loss  of  time  unavoidably  occurs  in  removing 
the   wood  plug,  as  the  water  has  to  be  turned  off  the  mam  pipe 
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lietore  the  plucr  oan  he  removed,  and  tn  be  turned  (in  apiin  after  it 
li;is  heen  removed,  to  »ay  notliinir  of  tlie  delay  and  dilKeulty  h  liii'li 
often  occurs  before  it  can  be  removed  at  all. 

STAND  PIPE. 

Tor  qpeiun.<|  Fire  CocJi 


Figure  1. 

FIRE  COCK 


D 


Description. — The  Patent  Fire-cock  consists  of  a  cast-iron  boss, 
A,  with  aperture  of  such  size  as  may  be  required,  and  flan^jje  for 
connectiiif^  it  with  a  correspondinfj^  flange  on  brancli  from  main 
pipe,  as  represented  by  dotted  lines  under  fig.  1 — tlie  u]iper  inner 
edge,  a,  of  the  boss  being  raised  and  faced,  forms  a  seat  for 
tlie  loose  valve,  B,  covered  with  leather,  the  spindle  of  which  works 
in  a  brass  bridge,  C,  and  when  not  in  use,  is  always  closed.  To  the 
boss  are  attached  wrouglit-iron  inverted  ij-shapcd  lugs,  U,  to  which 
the  stand-pipe,  when  bripught  into  use,  is  secured. 

This  stand-pipe  consists  of  a  co))per  or  iron  tube  II,  with  two 
branches  on  the  upper  part  I,  furnished  with  screwed  ends  for 
attaching  the  hose ;  one  or  both  of  the  orifices  are  also  furnished 
with  a  brass  screw-cap  K.  At  the  connection  of  the  diverging  pipes 
is  a  stuffing-bo.\  L,  and  at  the  bottom  part  of  the  staml-pipe 
there  is  a  brass  male-screw  G,  with  leather  washer  F,  working 


through  a  lirass  female-screwed  collar  E.  This  collar  has  pro- 
jecting lugs,  which  passing  under  lugs  D  of  the  fire-cock,  firmly 
secure  the  lug  together,  and  form  a  connection  of  the  staud-pipe 
with  the  fire-cock,  perfectly  water-tight. 

Passing  down  the  stand-pipe,  through  the  stuffing-box  L,  is  a 
wrought-iron  rod,  with  brass  crutch-handle  at  top,  and  a  male- 
screw  at  bottom,  working  through  a  brass  female-screw  in  the 
bridge  G.  By  turning  the  crutch-handle  M,  the  rod  gradually 
presses  down  the  valve  B,  of  the  fire-cock,  and  allows  the  water 
to  esca])e  all  round  the  valve  and  up  tlie  stand-pipe  ;  and  at  the 
same  time  by  tlie  gradual  opening  of  the  valve  by  the  aid  of  the 
rod  and  screw,  the  flow  of  water  is  controlled,  and  concussion  in  the 
pipes  ]irevented  ;  while  at  the  same  time  the  sudden  strain  on  the 
leather,  or  other  hose  which  may  be  attached,  is,  to  a  very  great 
e.xtent,  diminished. 


PADDLE-WHEELS. 

Thomas  Hint  Bakber,  of  King-street,  Cheapside,  London,  gen- 
tleman, for  "  Iinpriivement.s  in  machiiifry  fur  pr(ipi://iiiy  vessels." — 
Granted  October  7,  1847  ;  Enrolled  April  7,  1848. 

This  invention  consists  of  an  arrangement  or  combination  of 
parts  into  paddle-wheels  for  propelling  vessels.  The  external  case 
of  the  wheel  is  a  cylinder,  which  is  fixed  to  and  revohes  with  the 
driving-axle;  and  the  floats  are  so  arranged  within  the  cylinder, 
as  to  be  projected  outwards  when  required  to  act,  and  are  again 
withdrawn  into  the  cylinder  as  they  go  out  of  action  ;  such  con- 
struction of  paddle-wheel  allowing  it  to  be  wholly  immersed  in  the 
water.  To  govern  the  action  of  the  floats,  the  patentee  prefers  to 
use  a  cranked  axis,  one  end  of  which  enters  into  the  main  or 
driving  axle.  On  to  the  main-axle  is  placed  a  boss,  to  which  arms 
are  attached,  for  holding  firmly  the  floats.  The  annexed  diagram, 
which  is  a  side-section  of  the  paddle,  will  explain  the  manner  in 


which  the  floats  are  intended  to  act.  The  cylinder  i,  b,  has  as 
many  slits  or  openings  through  it  as  there  are  floats  to  the  wheel ; 
and  within  the  cylinder  are  angular  hollow  vessels y;/  which  give 
buoyancy  to  the  wheel,  aiul  also  serve  for  the  purpose  of  oft'ering  in- 
clined guiding  surfaces  to  the  floats  as  they  are  moved  outwards. 
The  arms/t,  A,  are  attached  by  pin-joints  to  the  boss  or  collar  on 
the  crank  axis  ;  and  to  the  ends  of  the  arms  the  floats  are  to  be  fixed. 
The  floats  i,  i,  i,  are  represented  to  be  in  action,  whilst  the  others 
are  drawn  within  the  cylinder.  The  patentee  says,  that  although 
he  prefers  to  use  a  cranked  axis  for  governing  the  action  of  the 
floats  or  paddles,  it  will  be  evident  to  an  engineer  that  an  eccen- 
tric might  be  siibstituted  and  produce  a  like  result  ;  and  it  will 
also  be  evident  that  in  place  of  having  the  floats  or  paddles  whereon 
are  arms  or  spokes  governed  or  controlled  liy  a  crank  or  eccentric 
axis,  the  case  h,  might  revolve  on  and  be  governed  by  fixed  eccen- 
trics one  on  either  side.  In  such  case  there  would  be  a  fixed  axis 
between  the  eccentric  bearings  of  the  case  b.  The  nave  having  the 
arms  of  the  floats  or  paddles  w(uild  revolve  freely  on  the  fixed  axis 
between  the  fixed  eccentrics,  and  the  case  b  would  receive  motion 
by  a  cog-wheel  affixed  thereto  driven  by  another  cog-wheel  actuated 
by  the  engine,  or  in  any  convenient  maimer. 

What  the  ])atentee  claims  in  this  invention  are,  the  modes  of 
constructing  paddle-wheels  whereby  floats,  or  paddles,  or  arms 
are  combined  with  a  case  b,  such  floats  on  the  case  being  governed 
by  a  crank  or  eccentrics. 
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RAILWAY   CARRIAGES. 

Thomas  Dunn,  of  Windsor-bridge  Iron  Works,  Manchester,  for 
"  Improvements  in  rnilway  wheels,  jacks,  Sjc." — Granted  November 
2,  1847  ;  Enrolled  May  2,  1848. 

This  patent  comprises  several  objects  connected  with  railway  loco- 
motion. Mr.  Dunn  first  describes  several  improvements  in  the  con- 
struction of  wheels.  One  of  the  principal  is  the  easy  removal  and 
replacement  of  the  tyre  upon  the  wheel  when  it  has  become  worn. 
This  he  effects  in  several  ways.  His  first  method  consists  in 
having  the  nave,  arms,  and  an  inner  tyre  cast  in  one  piece,  upon 
which  the  outer  tyre  is  bolted  by  means  of  a  flange,  which  projects 
inwards  a  few  inches  beyond  the  inner  surface  of  tlie  tyre.  The 
joint  between  these  two  pieces,  out  of  which  the  wheel  is  formed, 
is  packed  with  gutta  percha  or  some  other  elastic  substance.  A 
second  method  consists  in  having  the  nave  of  the  wheel  cast  with 
mortices  in  it  for  the  reception  of  wooden  arms  or  spokes,  and  in 
afterwards  fixing  the  tyre  to  the  nave,  by  bolts  passing  down 
through  the  middle  of  the  spokes.  According  to  a  third  method, 
that  part  of  the  wheel  which  is  occupied  by  the  arms  is  entirely 
filled  in  with  segments  of  wood,  between  which  segments  there  are 
driven  wedges  of  either  wood  or  iron,  so  that  the  wheel  is  almost 
entirely  solid.  The  tyre  is  attached  to  the  nave  by  bolts,  as  in  the 
former  instance. 

The  patentee  makes  his  axles  of  wood  and  iron,  the  wtood  form- 
ing an  internal  solid  core,  with  an  outer  covering  of  iron.  He  also 
makes  axles  of  several  pieces,  by  having  the  naves  truly  bored  out, 
and  driving  into  them  a  short  axle,  or  rather  part  of  an  axle, 
which  is  formed  on  the  outside  of  the  wheel,  into  the  journal  or 
bearing,  and  on  the  inside  projects  only  a  few  inches,  leaving  suffi- 
cient strength  of  material  to  pass  a  cotter  through  to  retain  the 
axle  in  the  nave.  The  two  wheels  are  then  connected  by  rods  of 
iron,  which  have  collars  formed  upon  them  near  to  their  ends. 
The  portions  beyond  the  collars  are  passed  through  holes  formed 
in  the  naves  of  the  wheels,  and  have  screws  upon  their  outer  ends. 
so  that  the  wheels  are,  in  a  measure,  devoid  of  axles — the  connec- 
tion between  them  being  formed  by  the  rods. 

The  second  portion  of  Mr.  Dunn's  improvements  relates  to  the 
construction  of  jacks  for  moving  carriages  and  locomotives  on  to 
the  line  of  rails  when  they  have  got  off.  The  chief  feature  of  this 
improvement  consists  in  providing  the  jacks  with  four  small  fric- 
tion-rollers at  the  bottom  of  the  pillar,  by  which  the  jack,  with  its 
load,  is  easily  made  to  run  upon  a  smooth  surface  in  any  direction. 

A  third  improvement  consists  of  a  means  of  removing  carriages 
from  one  line  of  rails  to  another,  which  the  patentee  effects  by 
means  of  a  low  truck,  running  upon  a  set  of  cross  rails.  A  portion 
of  the  main  lines  of  rails  is  made  to  form  an  inclined  plane  at 
pleasure,  by  means  of  cams  fixed  under  the  rails,  whereby  he  is 
enabled  to  run  the  carriages  on  to  the  low  truck. 


LUBRICATING  COMPOSITION. 

Thomas  Denne,  of  Bermondsey,  Surrey,  strap  manufacturer, 
for  ^^Improvements  in  the  manufacture  of  grease  or  compositions 
for  atmospheric  pipes,  and  for  lubricating  the  axles  and  moving  parts 
of  machinery." — Granted  April  27;  Enrolled  October  27,  1847. 
[Reported  in  Newton's  London  Journal.^ 

The  improvements  consist,  first,  in  preparing  a  lubricating  com- 
position by  combining  oil,  or  tallow  or  other  grease,  with  certain 
light,  soft,  white,  and  unctuous  precipitates  or  bodies,  insoluble  in 
water  (so  as  to  be  incapable  of  being  used  as  detergents),  and  ob- 
tainable in  the  manner  hereafter  described  ;  secondly,  in  preparing 
a  lubricating  composition  by  combining  oil,  or  tallow,  or  other 
grease,  with  vegetable  black  or  with  lamp-hlack ;  and  thirdly,  in 
mixing  the  compositions,  prepared  according  to  the  first  and  second 
improvements,  in  such  proportions  as  may  be  desirable,  in  order  to 
render  the  same  more  suitable  than  when  used  alone  for  the  lubri- 
cating purposes  above  mentioned. 

The  mode  of  carrying  out  the  first  improvement  is  as  follows  :— 
The  patentee  introduces  into  a  vessel  or  tank  such  a  quantity  of 
liquor  calcis,  or  of  a  saturated  or  other  solution  of  sulphate  of  mag- 
nesia, or  of  sulphate  of  magnesia  and  ammonia,  as  he  considers 
will  be  sufficient  for  the  quantity  of  composition  required  to  be 
prepared;  he  then  gradually  pours  into  and  mixes  with  the  same 
a  strong  solution  of  such  of  the  vegetable  or  animal  oils  as  are 
most  suitable  for  the  purpose,  and  which  have  been  rendered 
miscible  in  water  by  boiling  the  same  with  alkali  or  caustic  ley  ; 
or,  instead  of  the  solution  just  mentioned,  he  employs  a  strong 


solution  of  either  the  soft  or  hard  soap  of  commerce  ;  or  he  intro- 
duces the  liquor  calcis,  or  the  solution  of  sulphate  of  magnesia,  or 
of  sulphate  of  magnesia  and  ammonia,  into  the  pasty  and  sapo- 
naceous fluid,  obtained  by  boiling  either  oil,  or  tallow  or  other 
grease,  with  alkali  or  caustic  ley,— having  first  drawn  the  fire  and 
allowed  the  pasty  mass  to  coo'l  down  to  100°  Fahrenheit.  The 
patentee  continues  to  add  the  saponaceous  fluid  so  long  as  any 
light,  soft,  white,  and  unctuous  precipitate  continues  to  be  pro- 
duced ;  and  then  he  separates  such  precipitate  from  the  mother 
liiiuor,  by  filtration  through  a  fine  linen  sieve, — preserving  the 
mother  liquor  when  it  contains,  in  solution,  any  valuable  salts,  so 
as  to  make  it  useful  for  manufacturing  caustic  leys. 

1121b.  of  the  precipitate,  obtained  as  above,  are  to  be  combined 
with  from  40  lb.  to  1 12  lb.  of  palm  or  other  oil  or  grease  :  the  quan- 
tity of  oil  required  will  vary  according  to  the  peculiar  character 
of  the  oil  employed  ;  but  about  56  lb.  wUl,  in  most  cases,  be  suffi- 
cient. The  apparatus  used  for  effecting  this  combination  is  a 
cylindrical  iron  vessel  or  mill,  open  at  the  top,  containing  a  re- 
volving agitator,  and  having  two  pipes  at  the  bottom,  furnished 
with  stop-cocks,  for  the  purpose  of  discharging  any  water  or  other 
fluid  that  might  accumulate  inconveniently  during  the  process. 
After  tlie  precipitate  has  been  introduced  into  the  mill,  and  the 
agitator  set  in  motion,  the  palm  or  other  oil  is  gradually  added  ; 
then,  as  soon  as  the  proper  quantity  of  oil  has  been  used,  the 
mixture  will  thicken  and  assume  a  consistence  considerably  greater 
than  the  oil  or  other  ingredient  or  ingredients  possessed  in  the  first 
instance ;  and  a  chemical  combination  will  so  far  take  place,  that 
the  greater  portion  of  the  mother  liquor  contained  in  the  precipi- 
tate will  be  driven  out,  and  must  be  drawn  off  by  the  pipes  above 
mentioned.  A  supply  of  cold  water  is  next  allowed  to  run  upon 
the  grease  or  composition  in  the  mill,  so  that  it  may  be  washed 
therein,  in  order  to  cleanse  it  from  all  adhesive  impurities  of  the 
mother  liquor  ;  after  which,  the  water  is  to  be  drawn  off,  and  then 
a  few  pounds  of  oil  are  to  be  mixed  with  the  composition,  to  sepa- 
rate any  adhering  particles  of  water,  and  to  give  it  a  finer  and 
better  appearance.  The  grease  or  composition  is  now  ready  for 
use  ;  but  if  it  should  not  possess  sufficient  consistence  for  the  pur- 
pose to  which  it  is  to  be  applied,  from  5  lb.  to  28  lb.  of  melted 
tallow  should  be  mixed  with  it  in  the  mill ;  or,  when  the  tallow  is  to 
be  used,  it  may  be  mixed  with  the  composition  before  the  latter  is 
washed  with  water,  as  before  mentioned. 

The  second  improvement  consists  in  the  production  of  a  black 
grease  or  composition,  which  may  be  exposed  to  great  extremes  of 
heat  and  cold,  and  does  not  readily  freeze,  by  combining  160  lb. 
of  palm,  olive,  or  other  oil,  or  grease,  with  from  10  to  40  lb.  of 
vegetable  black  or  lamp-black.  The  oil  is  first  placed  in  the  mill 
before  described,  and  then  the  agitator  being  put  in  motion,  the 
vegetable  black  or  lamp-black  is  added  in  small  quantities  at  a 
time  ;  and  the  mixture  is  agitated  until  the  black  grease  or  compo- 
sition has  acquired  a  sufficient  amount  of  consistence. 

The  third  improvement  consists  in  combining  a  portion  of  the 
black  grease  or  composition  with  grease  or  composition  made  in 
the  manner  described  under  the  first  improvement,  to  prevent  the 
same  from  freezing  when  exposed  to  frost  or  snow,  or  to  protect  it 
from  the  action  of  extremes,  either  of  heat  or  cold :  the  combina- 
tion of  the  compositions  is  effected  by  the  use  of  the  mill  before 
described. 


BRONZING  METAL  SURFACES. 

Chakles  de  la  Salzede,  of  Paris,  for  "  Improvements  in  brass- 
ing and  bronzing  the  surfaces  of  steel,  iron,  xinc,  lead,  and  tin," — 
Granted  September  30,  1847;  Enrolled  March  30,  1848. 

The  improvements  relate  to  coating  steel,  iron,  zinc,  lead,  and 
tin,  with  brass  and  bronze.  For  the  purpose  of  coating  metal  with 
brass,  a  bath  is  prepared,  composed  of  the  following  ingredients  : 
— 5,000  parts  by  weight  of  distilled  water,  610  parts  of  sub-car- 
bonate  of  potash,  25  parts  of  chloride  of  copper,  48  parts  of  sul- 
phate of  zinc,  305  parts  of  azotate  of  ammonia,  and  12  parts  of 
cyanide  of  potassium.  The  cyanide  of  potassium  is  dissolved  in  a 
small  portion  (about  120  parts)  of  the  cold  distilled  water ;  at  the 
same  time,  the  sub-carbonate  of  potash,  chloride  of  copper,  and 
sulphate  of  zinc,  are  introduced  into  the  remaining  portion  of  dis- 
tilled water  (contained  in  a  separate  vessel,  and  having  its  tem- 
perature increased  from  144°  to  172°  Fahrenheit,  to  facilitate  the 
dissolution  of  these  matters)  ;  and  when  they  are  perfectly  dis- 
solved, and  the  solution  has  become  cool,  the  azotate  of  ammonia 
is  added.     After  the  solution  has  been  shaken  for  a  long  time,  it  i& 
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allowed  t(i  stand  for  21-  liours ;  it  is  then  decaiitod  with  n  syi)hon, 
and  tlie  solution  of  cyanide  of  potassium  (which  should  he  limpid) 
is  added  thereto.  If  the  solution  thus  prepared  he  suhniitted  for 
about  five  hours  to  the  action  of  a  volatic  battery  with  a  rapid 
current  (such  as  Bunsen's,  Grove's,  or  Daniel's  battery),  and  at  a 
mean  teni])erature  of  77°  Fahrenlieit,  it  will  deposit  a  coat  of 
yellow  co])per,  or  brass,  on  the  metal  article  immersed  therein. 
The  process  may  be  performed  in  vessels  of  porcelain,  china,  glass, 
or  wood  (which  may  he  lined  with  bitumen,  or  any  isolating 
resinous  matter) ;  and  the  vessels  are  preferred  to  be  of  a  rect- 
aii:rular  shape. 

If  the  articles  are  to  be  coated  with  bronze,  25  parts  of  chloride  of 
tin  are  to  be  substituted  for  the  above-mentioned  4-8  jiarts  of  sul- 
idiate  of  zinc;  the  proportion  of  chloriile  of  copper  is  to  be  increased 
from  25  parts  to  tS  ;  and  a  |)late  of  bronze  is  to  be  used  as  the 
electrode  ;  in  other  respects  the  bath  is  prepared  with  the  same  in- 
gredients, in  the  proi)ortions  above  stated,  and  the  process  is  con- 
ducted in  the  manner  before  described. 

A  bath,  for  coating  articles  with  brass,  is  prepared,  by  dissolving 
SOO  parts  of  sub-carbonate  of  potash,  15  parts  of  chloride  of  cop- 
jier,  35  parts  of  sulphate  of  zinc,  and  50  parts  of  cyanide  of 
potassium  together,  in  5,000  parts  of  cold  distilled  water.  After 
the  bath  has  been  stirred,  it  is  allowed  to  stand  for  from  24  to  48 
hours ;  it  is  then  subjected,  in  a  cold  state  (from  25°  to  30°  Fah- 
renheit), to  the  action  of  a  voltaic  battery,  during  the  same  time, 
and  in  like  manner  to  the  ])receding  baths.  When  this  bath  be- 
i:omes  impoverished  by  use,  the  salt  of  zinc,  or  copper,  which  has 
been  absorbed,  must  be  replaced.  The  bath  last  described  may 
also  be  used  for  bronzing,  by  substituting  about  10  parts  of  chlo- 
ride of  tin  for  the  35  parts  of  sulphate  of  zinc,  and  employing  an 
electrode  of  bronze. 

In  either  of  the  processes  above  described,  instead  of  the  sul- 
phate of  zinc,  or  chloride  of  tin,  any  neutral  salts  of  zinc,  or  tin 
acids,  may  be  employed,  according  to  whether  the  article  is  to  he 
covered  with  brass,  or  bronze,  so  long  as  the  bath  is  sufficiently 
rich  in  potash,  that  there  may  be  no  action  upon  blue  paper  of 
turnsol.  The  proportions  of  the  salts  of  tin,  zinc,  and  copper, 
may  be  varied  according  to  the  colour  desired  to  be  given  to  the 
metal  coating.  This  invention  may  also  be  applied  to  the  coating 
of  alloys. 


RAILWAY  BARS  AND  CHAIRS. 

RicHAHD  Shaw,  of  Gold's-green,  West  Bromwich,  Stafford, 
railway-bar  finisher,  for  "  Improrements  in  the  manufacture  of 
wrought-iron  railway  bars  and  railway  chairs." — Granted  October  21, 
1847;  Enrolled  April  21,  1848. 

The  improvements  described  in  this  specification  relate  to  the 
constructon  of  railway  bars  and  railway  chairs,  as  also  the  arange- 
ment  of  the  machinery  for  their  construction  ;  and  consist,  First,  in 
the  mode  of  forming  and  piling  the  pieces  of  iron  to  form  the  rail- 
way-bar, for  preventing  the  lamination  of  the  metal.  This  is 
effected  by  placing  and  piling  the  bars  in  the  manner  shown  in  the 
anne.xed  diagram,  fig.  1,  the  lower  portion  of  the  bar  being  piled 
in  the  usual  manner  with  flat  bars,  and  the  upper 
portion  jdled  ivith  a  broad  bar  bent  into  the  form 
shown,  the  edges  abutting  upon  the  surface  of  the 
bars  beneath,  and  the  interior  being  filled  and  piled 
in  the  usual  manner.  AVhen  the  railway-bar  is 
finished,  the  grain  of  the  metal  is  arranged  in  the 
form  represented  in  fig.  2,  and  thus  no  laminating 
edges  occur  on  the  head  of  the  working  surface. 
The  other  improvements  claimed  by  the  patentee 
are.  Secondly,  the  mode  of  maimfacturing  wrought- 
iron  railway  bars-Mith  protecting  rails  or  flanges 
affixed  thereto,  in  such  a  manner  that  the  heads 
or  working  surface  of  the  railway-bar  stands  above  the  sup- 
port of  the  protecting  rail  or  flange.  Thirdly,  the  mode  of 
manufacturing  railway-bars  with  hollow  heads  or  working  surfaces 
in  such  a  manner  that  the  cheeks  of  the  chairs  may  pass  into  the 
hollow  of  the  head  or  working  surfaces  for  tlie  purposes  of  support. 
Fourthly,  the  mode  of  rolling  railway-bars  witli  rollers  j)laced 
three  high ;  as  also  the  mode  of  rolling  by  the  same  means  the 
curved  bars  used  in  placing  and  piling  for  making  his  improved 
railway-bars.  Fifthly,  the  construction  of  chairs  for  supporting 
his  improved  form  of  railway-bar. 
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BORING  AND  SINKING. 

^^  William  Gosswvcii  (Jard,  of  Calstock,  Cornwall,  engineer, 
'■'■certain  Iniprorcnient.i  ill  machinery  and  implements  fur  boring 
sinldng."—GTiinteil  October  21,  1847;  Enrolled  Aj)ril  21,  1848. 

The  object  of  this  invention  is  to  improve  the  form  of  the 
cutting-tool  used  in  boring  so  as  to  remove  the  debris  more  easily  ; 
and  also  to  work  the  boring  instrument  more  effectively.  It  is  iu 
the  form  of  the  tool,  however,  that  the  chief  novelty  of 'the  inven- 
tion consists.  The  cutting  ends  are  made  of  a  concave  or  inverted 
cap-like  form,  divided  by  a  cross  into  four  segments,  with  apertures 
leading  from  these  segments  into  a  hollow  cylinder  or  shaft, 
screwed  into  a  neck  of  the  bit,  whereby  the  bored-out  materials 
are  removed  out  of  the  way  of  the  cutting  edges.  Fig.  1  repre- 
Fig.  1.  sents  a  vertical  section  of  the  borer  or  bit,  con- 

structed according  to  this  invention  ;  and  fig.  2, 
an  under  plan  view  of  the  same,  showing  the 
cutting  edges.  The  shaft  or  hollow  part  b,  forms 
^"^^  the  receptacle  for  the  bored-out  materials.  This 
hollow  shaft  has  the  part  a,  which  forms  the 
cutter,  screwed  or  otherwise  affixed  thereto,  it 
being  made  of  steel  or  some  other  hard  metal. 
The  cutting  face  is  of  a  hollow  form,  or  rather 
of  four  distinct  hollows,  the  area  being  divided 
by  a  cross  into  four  sectionsrf,rf,rf,rf,  (fig.  2),  each 
separate  hollow  terminating  in  a  hole  e,  leading 
to  a  main  opening  m,  in  the  trunk  of  the  borer. 
The  outside  diameter  of  the  cutter  from  the 
cutting-edge  to  the  jioint  A,  is  of  a  cylindrical 
form,  and  from  the  point  h,  (fig.  1),  to  where  it 
joins  the  hollow  shaft,  it  is  tapered  about  half  an 
inch  in  order  to  clear  the  shaft-part  b,  and  allow 
it  to  pass  freely  after  the  cutter.  The  cutting 
edge,  forming  the  circumference,  is  bevelled  only 
on  the  inside;  consequently,  the  material,  which 
becomes  detached  by  the  blow,  is  projected  in- 
wards and  upwards,  leaving  the  external  part 
free  from  obstruction  in  its  working.  The  pieces 
detached  by  the  cutting  edges,  forming  the  cross, 
are  also  projected  upwards,  and  by  the  concave 
form  of  each  section  are  all  con\eyed  into  the 
openings  e,  e,  e,  e,  to  the  main  channel  m.  A 
valve-seat  of  brass  c,  (fig.  2,)  is  secured  in  its 
place  by  having  the  stem  b,  screwed  down  on  its 
surface.  This  valve-seat  has  its  opening  in  the 
Fig- 2.  centre,  corresponding  with  the  main  channel  m, 

and  is  fitted  vvith  a  ball-valve  h.  The  detached  materials  pass  up 
the  main  channel  m,  into  the  body  of  the  stem  6,  at  each  successive 
stroke  of  the  borer ;  the  quantity  of  materials  detached  each  time 
nearly  filling  the  concavities  d,  d,  d,d ;  but  by  being  conveyed  di- 
rectly into  the  receptacle,  they  are  prevented  from  impeding  the 
operation  of  the  cutters.  The  valve  k,  which  is  prevented  from 
rising  too  high  by  a  cross-pin  in  the  stem,  cuts  off  any  return 
downwards  of  the  borings.  In  this  manner  may  the  operations  of 
boring  be  continued  until  the  entire  capacity  of  the  stem  6,  is 
filled,  when  it  is  to  be  withdrawn  from  the  boring,  and  the  contents 
removed,  which  may  be  effected  by  turning  the  bit  upside  down, 
when  they  will  pass  out  of  the  aperture,  g  ;  but  the  patentee 
prefers,  when  the  detached  materials  are  of  a  dry  description,  to 
keep  the  tool  vertically  in  its  boring  position,  and  by  raising  up  the 
valve  from  below,  to  allow  the  contents  to  run  out. 

The  second  part  of  the  invention,  which  relates  to  the  mode  of 
working  the  boring-tool,  needs  little  description,  as  it  contains 
nothing  that  is  novel  in  principle.  The  patentee  adopts  the  Chinese 
mode  of  boring,  by  fixing  the  tool  to  a  chain  or  rope,  and  producing 
the  effect  by  continually  lifting  it  up  and  letting  it  fall,  the  height  of 
the  fall  being  regulated  by  the  resistance  to  be  overcome.  There 
is  a  lever  attached  to  the  chain  at  the  top,  to  one  end  of  which 
weights  are  susjiended,  for  the  purpose  of  counter-balancing  the 
increased  weight  of  the  chain  as  the  depth  of  the  boring  increases, 
so  that  the  working  may  be  rendered  as  uniform  as  possible. 


MANUFACTURE  OF  IRON. 

Alfred  Vincent  Newton,  of  Chancery-lane,  Middlesex,  for 
'■'■Improved  machinery  fur  blooming  iron."  (A  communication.) — 
Granted  OctoberU,  1847;  Enrolled  April  14,  1848. 

This  invention  is  for  the  purpose  of  more  effectually  compressing 
or  shingling  puddles,  balls,  or  loups  of  iron  into  blooms.     The  im- 
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provements  are — Firstly,  the  mode  of  compressing  or  shingling  by 
means  of  a  compresser  acting  in  combination  with  two  rollers,  and 
producing  therefrom  a  bloom.  Secondly,  in  the  use  of  cheeks,  be- 
tween which  the  bloom  is  formed,  having  s])rings  at  their  backs  for 
the  purpose  of  setting  and  keepingthe  ends  of  the  blooms  square  and 
of  proper  shape;  these  cheeks  act  in  combination  with  the  cam- 
formed  compresser  and  rollers.  A  third  improvement  consists  of 
an  arrangement  of  apparatus  for  feeding  the  shingling-apparatus 
with  balls  to  be  shingled,  and  for  discharging  the  bloom  when  suf- 
ficiently compressed  and  shingled.  These  combined  imju-ovements 
are  represented  in  the  aniie.xed  sectional  elevation.  A,  the  cast-iron 
frame   of  the    machine,   securely   fastened   to   the   bed-plate   B ; 


within  the  upper  part  of  the  frame  are  sliding  blocks,  C,  C,  form- 
ng  bearings  for  the  shaft  I),  upon  which  is  mounted  and  pro])erly 

secured  the  cam-shaped  compresser  E,  of  the  peculiar  form  shown. 

The  periphery  of  the   compresser  is   eccentric   to   its   centre   of 

motion,  for  the  purpose  of  squeezing  and  compressing  the  ball  of 
iron  between  tlie  periphery  thereof  and  the  roUers  F,  F ;  this  ec- 
centricity of  the  periphery  of  the  cam-shaped  compresser  com- 
mences at  the  point  1,  where  it  begins  to  impinge  upon  the  ball  of 
iron  submitted  to  its  action,  and  continues  round  three-fourtlis  of 
the  whole  circumference  of  the  compresser  to  the  point  5,  in  the 
following  manner — namely,  from  the  point  I,  of  the  peri])hery,  to 
the  point  2,  thereon,  the  eccentricity  is  very  abrupt :  the  pe- 
riphery recedes  from  the  centre  quickly  outwards  from  the  centre 
of  motion  for  the  purpose  of  more  quickly  and  effectually  com- 
pressing the  ball  of  iron  and  squeezing  out  the  impurities  there- 
from ;  from  the  point  2,  to  the  point  3,  the  eccentricity  is  more 
gradual ;  from  the  point  3,  to  the  point  4,  the  eccentricity  is  still 
less,  the  point  4,  being  at  the  greatest  distance  from  the  centre  of 
the  motion  ;  from  the  point  4,  to  the  ])oint  5,  the  eccentricity  of 
the  periphery  is  reversed,  that  is,  it  inclines  very  slightly  inwards 
towards  the  centre  of  motion  ;  the  whole  space  from  the  point  5, 
to  the  point  1,  being  one-fourth  of  the  whole  circumference,  is  left 
open  and  free  for  the  purpose  of  allowing  sufficient  time  for  dis- 
charging the  bloom  produced  by  the  last  revolution  of  the  com- 
presser, and  for  receiving  into  the  machine  another  ball  or  loup  of 
iron  to  be  shingled.  The  periphery  of  the  compresser  is  also  formed 
with  teeth  or  indentations  thereon,  for  the  purpose  of  more  effec- 
tually entering  into  the  ball  or  loup  of  iron  and  squeezing  out  the 
impurities  from  it ;  these  teeth  or  indentations  from  the  point 
1,  on  the  periphery  of  the  compresser,  to  the  point  2,  are  very 
deep,  for  the  purpose  of  entering  more  deeply  into  the  ball  at  the 
commencement  than  at  any  subsequent  period  of  the  process ; 
from  the  point  2,  to  the  point  4,  the  teeth  gradually  become  less 
coarse,  being  fine  at  the  point  at  4 ;  from  the  point  4,  to  the  point 
5,  the  periphery  is  nearly  or  quite  plain.  Another  advantage  at- 
tending the  construction  of  the  periphery  of  the  cam-shaped  com- 
presser, is  the  turning  the  ball  or  loup  of  iron  round  upon  the 
lower  rollers  by  means  of  the  grip  or  hold  of  the  teeth  or  indenta- 
tions, the  lower  rollers  F,  F,  are  placed  in  the  position  shown 
below  the  compresser  E,  at  such  a  distance  therefrom  as  to  suit  the 
size  of  the  ball  or  loup  of  iron  to  be  shingled  and  the  size  of  the 


bloom  to  be  produced ;  these  rollere  F,  F,  revolve  in  bearings  fixed 
to  the  main  frame  A,  of  the  machine  ;  they  are  placed  close  toge- 
ther but  not  in  contact ;  the  perijjheries  of  these  rollers  are  pro- 
vided with  projections  thereon,  for  tlie  purpose  of  effectually  turning 
the  ball  or  loup   of  iron  round   while  under  operation,   and  thus 
subjecting  every  surface  of  it  to  the  squeezing  action  of  the  com- 
presser.    The  rollers  F,  F,  are  connected  by  toothed  gearing  with 
the  cam-shaped  compresser  E,  so  that  they  revolve  in  different  di- 
rections, also  the   peripheries  of  the  rollers  and  the  periphery  of 
the  comjjresser  must  revolve  at  nearly  equal  velocities  ;  there  is  a 
mode  of  adjusting  the   distance  of  the  compresser  E,   from   the 
rollers  F,  F,  to  suit  the  quantity  of  metal  in  the  ball  or  loup  by 
means  of  the  set  screw  G,  passing  through  the  head  of  the  frame 
A.     For  the  purpose  of  setting  up  the  ends  of  the  bloom  square 
and  compressing  it  endways,  at  the  same  time  that  it  is  compressed 
by  the  compresser  and  the  rollers,  the  patentee  employs  his  second 
improvement— namely,    the    spring    or    yielding    cheeks;    these 
cheeks  II,  H,  are^  ])laced  one  on  either  side  of  the  compresser  E, 
over  the  rollers  F,  F,  the  compresser  in  revolving  passing  between 
them  ;  to  the  back  of  each  of  the  cheeks  are  secured  two  rods  or 
studs  passing  through  holes  in  the  main   frame,  which   thereby 
serve  as  guides  to  them.     Around  the  rods,  and  bearing  stiffly 
against  ^he  backs  of  the  cheek,  and  the  inside  of  the  main  frame 
A,  are  helical  springs,  for  the  purpose  of  pressing  the  cheeks  H,  H, 
towards  each  other,  and  thereby  pressing  and  setting  up  the  ends 
of  the  bloom  of  iron  when  pressed  outwards  by  the  action  of  the 
compresser ;  the  outer  ends  of  the  rods  are  provided  with  washers 
and  pins  for  the  purpose  of  preventing  the  springs  from  pressing 
the  cheeks  too  near  together,  and  thereby  coming  in  contact  with 
the  sides  of   the  compresser  E.     The  front  faces  of  the  cheeks 
(those  which  act  against  the  ends  of  the  bloom  of  iron)  are  of  a 
convex  form,  somewhat  flattened    in  the   middle      The   feeding- 
apparatus,    whicli   constitutes   the   ])atentee's  next   improvement, 
consists  of  a  trough  or  frame  L,  attached  to  the  main  frame  A,  in 
front   of  the  machine  in  an  inclined  position  :  within  this  trough 
or  frame  is  placed  the  plate  or  frame  M,  to  which  are  attached  the 
two  bars  N,  N,  one  on  either  side ;  they  move  in  the  guides  O,  O  ; 
upon  the  base  or  frame  JM,  is  placed  the  baU  or  loup  of  metal  to  be 
fed   into  the  machine ;  the  frame   JNI  is  kept  back  by  a  balance- 
weight  below  the  foundation  of  the  machine  ;  the  end  of  the  bars 
N,  N,  terminate  in  the  hooked  shape  shown  at  N'.     The  mode  of 
feeding  is  this  : — the  ball  or  loup  of  metal  to  be  operated  upon  is 
thrown  upon  the  bar  or  frame  M,  where  it  remains  until  the  com- 
presser comes  into  the  position  shown  in  the  engraving,  that  is, 
when  the  compressing  surface  of  the  compresser  is  out  of  action 
with  the  rollers,  and  the  open  or  free  space  of  the  compresser  from 
5  to  1,  is  over  the  rollers,  thereby  allowing  an  opportunity  for  dis- 
charging the  last-formed  bloom,  and  receiving  another  ball  or  loup 
to  be  operated  upon  ;  at  this  moment  two  pins  or  studs,  projecting 
from  the  sides  of  the  compresser,  come  in  contact  with  the  ends 
N',  N',  of  the  bars  N,  N,  which  is  thereby  drawn  upwards,  and  the 
ball  or  loup  deposited  upon  the  rollers  F,  F.     At  the  same  time 
also,  an  arm  or  crank,  fixed  upon  the  compresser-shaft  D,  outside 
the  main  frame,  acts  upon  the  bar  Q,  which  is  connected  by  a  lever 
to  the  discharging-plate  R,  in  such  manner  that  the  bloom  of  iron 
is  discharged  from  the  machine  at  the  back  at  the  same  time  a 
fresh  ball  or  loup  is  fed  into  it  at  the  front.     The  discharging- 
a2)paratus  is  retained  in  its  proper  position  during  the  shingling 
process,  by  means  of  a  spring. 

The  patentee  claims — First,  the  arrangement  of  machinery  as 
described,  for  compressing  or  shingling  puddles,  balls,  or  loups  of 
iron  into  blooms.  Secondly,  the  spring  or  yielding  cheeks  for 
setting  up  the  ends  of  the  blooms,  as  also  the  cam-shaped  com- 
presser and  rollers  as  described.  Thirdly,  the  feeding  and  dis- 
charging apparatus. 


A  CENTRE-VENT  REACTION  WATER-WHEEL, 

Communicated  to  the  Franklin  Institute,  U.  S.,  by  Z.  Parkee,  of 

Philadelphia. 

In  my  notes  of  the  experiments  on  the  centre-vent  reaction 
wheel  at  Troy,  I  mentioned  the  fact  of  the  small  amount  of  water 
discharged,  in  proportion  to  the  aperture,  and  of  its  disposition  to 
uniformity  under  all  velocities  of  the  wheel.     [See  Journal,  ante 

p.  no.] 

I  might  have  stated  that  in  all  cases  in  which  the  vanes  of  the 
wheel  direct  the  water  nearly  tangentially  to  the  inner  circle  of  the 
annular  rim  of  such  wheels,  the  quantity  discharged  (under  cir- 
cumstan  ces  of  full  supply)  appears  to  be  about  50  per  cent,  of  the 
theoretic  discharge;  and  that  this  proportion  appears  to  be  but 
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little  affected  by  changes  in  the  velocity  of  the  wheel,  from  bcinfr 
held  stationary,  to  any  velocity  it  may  acquire  by  the  ])rcssure  of 
the  water  on  the  vanes  ; — or  by  any  change  in  the  circular  motion 
of  the  water  onterinjr  the  wlieel  (at  its  verge),  either  with  or  con- 
trary to  tlie  circular  motion  of  the  wheel. 

In  corroboration  of  this  position,  we  have  the  experiments  at 
Troy,  in  whicli  the  discharfre  (at  the  maximum)  was  a  trifle  less 
than  50  per  cent.,  owing  probably  to  tlie  unfavourable  form  of  the 
vanes  ; — and  the  fourth  set  of  my  model  improvements  (the  notes  of 
which  you  have),  wliere  the  water  passed,  inwardly,  througli  a 
structure,  which,  when  the  wheel  was  removed,  was  exactly  similar 
to  such  a  wheel, — the  quantity  discharged  in  this  instance,  being 
just  50  per  cent,  of  the  theoretic  discharge. 

Among  the  many  "interesting objects"  at  the  American  Institute 
Fair,  of  the  present  season,  there  was  a  centre-discbarge  reaction 
wheel,  in  a  very  neatly  constructed  model,  tlie  wheel,  about  four 
inches  in  diameter,  being  made  of  brass  and  neatly  finished.  To 
the  under  side  of  a  disk,  attached  to  a  vertical  sluift,  were  attached 
jilane  vanes  extending  from  the  verge  to  a  circle  about  one-half  of 
an  inch  from  tlie  verge.  To  these  vanes  was  attached  the  annular 
rim,  in  the  usual  way.  The  angle  of  the  vanes  directed  the  water 
somewhat  without  the  direction  tangent  to  the  inner  diameter  of 
the  annular  rim,  .ind  after  passing  into  the  wheel,  it  fell  through 
the  opening  of  the  rim,  and  bottom  of  flume  some  inches,  into 
a  basin  beneath.  The  flume  was  a  glass  cylinder  about  seven  inches 
diameter  ;  and  the  supply,  a  constant  stream  of  "  Croton"  through 
a  lead  pipe, — falling  in  from  the  top  of  the  cylinder. 

Suspecting  from  my  former  experiments  that  the  discharge  of 
such  a  wheel  must  he  uniform  under  all  velocities,  I  took  the  op- 
portunity of  experimenting  on  this,  by  applying  friction  to  the 
shaft  (about  half  an  inch  in  diameter)  with  my  fingers.  /  could 
nuike  no  .sensible,  variation  in  the  height  of  surftiee  by  any  change  of 
mlociti/,  from  being  held,  to  running  it  beyond  its  natural  free  velocity 
(by  rolling  the  shaft  between  the  thumb  and  fingers  J,  nvr  by  turning 
the  wheel  backward. 


The  accompanying  cut  represents  a  section  of  the  vanes. 


TREATISES  ON  THE  STEAM-ENGINE. 

The  want  of  a  satisfactory  treatise  on  the  steam-engine  has 
long  been  felt.  The  existing  treatises,  notwithstanding  their 
general  merits,  do  not  supply  the  whole  of  the  information  which 
the  engineer  recjuires;  and  the  looseness  of  scientific  views,  and  the 
neglect  of  systematic  arrangement,  observable  in  most  of  them 
render  mucb'of  the  knowledge  imparted  either  dubious  or  inacces- 

We  have  been  frequently  called  upon  to  give  advice  in  the  choice 
of  a  work  on  this  important  subject.  In  answer  to  correspondents 
who  liad  made  an  application  of  this  kind,  we  replied  some  time 
ago  (vol.  IX.,  page  392),  that  a  complete  treatise  appeared  to  us 
to  be  one  of  the  desiderata  of  engineering  literature.  Several  sub- 
sequent letters  strongly  confirmed  the  opinion  then  expressed,  that 
the  existing  treatises  on  the  theory,  construction,  and  routine 
management  of  the  masterpiece  of  mechanical  invention  are  not 
what  they  ought  to  be — accurate,  complete,  and  systkmatic. 

It  is  no  disparagement  of  the  efforts  of  those  who  have  already 
written  on  the  subject,  to  assert  that  we  now  know  more  of  it  than 
they  did.  This  branch  of  knowledge  is  necessarily  progressive.  The 
operations  of  the  Bteam-engine  have  been  extended  in  diversity 


and  magnitude,  and  have  attained  a  universality  which  to  its  great 
inventor  himself  would  have  appeared  incredible.  The  new  de- 
mands of  the  manufacturer,  engineer,  navigator,  and  mechanician, 
stimulate  and  suggest  new  aiijdications  of  the  most  powerful 
and  most  obetfient  of  the  agents  of  human  industry  :  upon  ma- 
chinery so  complicated,  the  fertility  of  modern  invention  and  the 
boldness  of  modern  enterprise  are  incessantly  and  successfully 
exerted  :  while  the  minute  details  of  the  apparatus  are  constantly 
receiving  fresh  improvements,  as  practical  skill  becomes  more  and 
more  developed  and  refined. 

Yet  the  apparatus  itself  is  in  the  main  unchanged.  The  steam- 
engine  of  Watt  is  the  steam-engine  of  1848:  the  great  inventor 
bequeathed  it  to  us  almost  perfect  in  aU  its  principal  parts,  and 
the  small  amount  we  have  been  able  to  add  to  his  legacy  is  a 
striking  and  accumulative  testimony  to  its  original  value. 

This  consideration  greatly  simplifies  the  labour  of  compiling  a 
perfect  exposition  of  the  combination  of  the  mechanism.  But 
though  the  innovations  of  practice  be  here  confined  to  details,  in 
other  respects  the  changes  have  been  fundamental.  Experience 
has  effected  great  alterations  in  the  purposes,  the  management, 
and  the  dimensions  of  the  engine  itself;  and  the  accessory  parts,  of 
which  the  boiler  and  furnace  are  the  principal,  have  received  modi- 
fications which  have  completely  changed  their  character. 

The  theory  of  the  steam-engine  is  also  fundamentally  different  to 
that  originally  proposed  :  that  Tredgold's  views  of  the  rationale 
of  its  action  have  been  totally  falsified  by  subsequent  experi- 
ence may  be  unhesitatingly  asserted.  It  is  much  to  be  regretted 
that  his  authority,  deservedly  great  as  it  in  some  respects  is,  has 
given  weight  to  opinions  which  of  themselves  cannot  stand  the  test 
either  of  theory  or  practice.  It  is  still  more  to  be  regretted  that 
mistaken  partiality  to  his  works  should  have  induced  subsequent 
writers  to  gloss  over  his  errors,  and  defend  tliat  which  is  indefen- 
sible. When  the  theory  of  the  Count  de  Pambour  appeared,  its 
obvious  truths  ought  not  to  have  been  resisted  by  absurd  prejudice 
in  favour  of  our  countryman.  De  Pambour  is  right — Tredgold  and 
his  followers  wrong.  This  sounds  like  a  very  dogmatic  assertion  : 
and  we  intend  it  to  be  so,  for  if  the  lucid  demonstrations  of  De 
Pambour  fail  to  convince  his  opponents,  they  are  either  too  per- 
verse or  too  dull  to  be  converted  :  we  are  driven  as  a  last  resource 
to  assertion,  e^'  euthedni,  and  to  resist  frivolous  contradictions  by 
the  weight  of  great  names.  The  theory  of  De  Pambour  had  no 
sooner  appeared,  than  all  scientific  writers  renounced  their  pre- 
vious views,  and  without  reluctance  signified  their  adhesion  to  his. 

Not  indeed  that  all  his  conclusions  are  absolutely  indisputable. 
The  chief  problem  to  which  he  addressed  himself  was  this: — Given 
the  dimensions  of  an  engine,  to  ascertain  the  resistance  it  will 
overcome  at  a  given  velocity,  or  the  velocity  at  which  it  w  ill  over- 
come a  given  resistance.  Now,  the  main  diflSculty  of  the  question, 
and  that  which  De  Pambour  has  only  partially  met,  is  to  ascertain 
the  amount  of  resistance.  It  is  an  essential  element,  and  any 
uncertainty  res])ecting  it  affects  the  whole  subject.  Without 
particularising  further,  we  may  observe  that  he  has  erroneously 
estimated  the  resistance  to  which  locomotive  engines  are  subject, 
and  has  assumed  a  law  of  friction  (Coulomb's)  which  is  in  this  case 
inapplicable.  Another  difficulty  is  in  ascertaining  the  actual 
efficiency  of  the  boiler.  Its  apparent  evaporation  and  its  effective 
evaporation  are  not  tlie  same — jiart  of  the  w  ater  being  drawn  into 
the  cylinders  in  a  liquid  state.  The  amount  of  "  priming"  depends 
on  minute  and  varied  circumstances, — the  violence  of  ebullition, — 
the  foulness  or  purity  of  the  water, — its  level  in  the  boiler, — and 
the  capacity  of  the  steam-pipes.  Certainly,  no  mathematical  for- 
mula, such  as  De  Pambour  has  laid  down  independently  of  these 
considerations,  can  be  universally  and  exactly  correct. 

The  materials  for  an  improved  treatise  are  abundant  ;  and  those 
who  enter  on  the  task  of  comjiiliiig  such  a  work,  should  ransack 
every  source  of  information.  Notwithstanding  our  strictures  on 
Tredgold,  we  are  disposed  to  think  that  his  work  ought  to  be  the 
basis  of  a  new  treatise.  There  are  many  reasons  which  conduce  to 
this  conclusion.  In  the  first  place,  on  comparison,  his  plan  and 
arrangement  seem  the  most  perspicuous  hitherto  publislied.  In 
the  second  place,  most  engineers  are  familiar  with  it.  This  is  a 
great  point :  readers  do  not  like  to  be  constantly  learning  out  of 
new  books,  and  engineers  especially  have  seldom  time  to  spare  in 
familiarising  tliemselves  with  new  systems. 

The  plan  which  jMr.  Eaton  Hoogkinson  has  pursued  in  his  edi- 
tion of  the  "  Treatise  on  Cast-iron,"  appears  to  be  the  best  for 
the  case  before  us  :  he  has  left  his  author's  text  as  he  found  it, 
appending  his  own  coiTections  and  additions.  With  respect  to  a 
treatise  on  the  steam-engine,  the  authorities  to  be  searched  and 
cited  are  numerous  and  valuable.  In  pure  theory,  the  views  of 
De  Pambovr  should  be  clearly  stated,  with  the  modification  above 
suggested.     Some  of  Professor   Moseidy's  most  useful  practical 
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results  should  be  also  referred  to  :  his  researches  respecting  the 
effects  of  friction  of  the  parts  of  the  engine  are  too  complicated, 
and  depend  on  data  too  uncertain,  to  he  available  ;  but  some  of  his 
investigations  respecting  the  fly-wheel,  &c.,  are  invaluable,  and 
have  the  advantage  of  leading  to  simple  arithmetical  rules. 

The  great  continental  authors  require  to  be  diligently  and 
thoroughly  examined.  It  is  principally  from  the  French  writers, 
with  Nav'ier  at  their  head,  that  foreign  assistance  must  be  ex- 
pected ;  and  the  system  pursued  in  France  in  the  education  of 
engineers,  renders  almost  eveiy  treatise  written  in  that  country  on 
practical  science  worthy  of  consideration  at  least.  The  articles 
contributed  to  our  <>«  n  cycloprrdins,  and  the  recent  treatise  of  Mr. 
Hann,  also  furnish  several  useful  suggestions  for  rules,  which  an 
intelligent  artisan  may  understand  and  apply  without  a  knowledge 
of  mathematics. 

The  tranxnctions  of  learned  societies  contain  invaluable  records 
of  the  results  of  experiment  and  routine  experience.  Numerous 
papers  have  appeared  under  the  auspices  of  the  British  Association 
and  Institution  of  Civil  Engineers,  on  what  we  just  now  designated 
tlie  most  difficult  part  of  the  problem  of  the  steam-engine — the 
resistance  to  which  it  is  subject ;  and  in  reference  to  the  locomotive 
engine  the  labours  of  Mr.  Wyndham  Harding  may  be  particularised. 
The  transactions  of  the  Royal  Society  also  contain  some  papers 
referring  to  the  resistances  to  marine  engines — a  subject  to  which 
Mr.  Scott  Russell  has  long  devoted  attention. 

The  scientific  periodicals — the  Mechanics'  Magazine,  the  Jovrnal 
of  the  Franklin  Institute,  &c.,  ought  also  to  be  examined  :  they  are 
storehouses  of  facts  of  the  greatest  importance.  Of  course,  dis- 
cretion and  accurate  scientific  views  are  indispensable  in  selecting 
from  the  vast  mass  of  contradictory  and  controversial  statements, 
contained  in  the  correspondence  of  our  contemporaries,  but  even 
ejctragavant  ideas  coming  from  practical  men  have  some  use,  if 
suggested  by  experience — they  serve  at  least  to  }iut  debated 
questions  in  a  new  light. 

The  blue  books  of  Parliamentary  and  Royal  Commissions  contain 
also  much  that  is  valuable,  amidst  heaps  of  rubbish.  It  requires  keen 
instinct  and  patient  industry  to  separate  the  grain  from  the  chaff; 
but  such  a  labour  must  he  accomplished,  if  a  perfect  work  on  the 
steam-engine  is  to  he  written.  .Commissions  such  as  those  upon 
the  Gauge  question  and  Atmospheric  Railways,  are  con\ocations  of 
all  the  most  eminent  engineers  in  the  kingdom,  and  their  collected 
evidence  is  a  synopsis  which  could  not  be  obtained  in  any  other 
manner. 

There  are  many  other  sources  of  information  and  separate  trea- 
tises possessed  of  great  merit,  but  too  numerous  to  be  here  recited. 
These  ought  all  to  be  referred  to.  The  labour  of  reference  is  great, 
but  is  not  the  subject  worthy  of  it  ? — the  great  marvel  of  the 
earth — the  wonderful,  wonder-working  agent  upon  w  hich  the  social 
constitution  of  the  whole  world  depends — which,  when  the  human 
family  has  become  so  numerous  that  all  its  labour  can  scarcely 
obtain  from  nature  sufficiency  of  sustenance,  co-operates  in  this 
struggle  for  existence.  In  some  sense,  our  very  lives  depend  on 
the  steam-engine.  Without  its  aid  to  convey  the  emigrant  from 
over-crowded  shores — to  interchange  the  products  of  various  soils 
and  climates — to  convert  those  products  into  clothing  and  other 
necessaries  of  society, — without,  in  a  word,  its  help  in  canying  on 
the  business  of  the  world,  the  business  of  the  world  would 
become  too  great  to  be  accomplished. 

He  who  has  increased  by  the  least  particle  the  knowledge  of 
the  steam-engine,  has  therefore  conferred  on  society  a  benefit  of 
which  it  is  impossible  to  foresee  the  extent.  Without  hyperbole,  a 
perfect  account  of  the  steam-engine  would  stand  among  the  high- 
e.st  of  national  undertakings.  It  can  scarcely  be  expected,  how- 
ever, that  any  treatise  now  written  can  be  absolutely  perfect,  for 
tliere  are  many  parts  of  the  subject  which  it  requires  the  experi- 
ence of  future  years  to  entirely  develope.  Still, the  present  epoch 
is  particularly  favourable  for  systematising  the  knowledge  already 
acquired.  A  uniformity  of  practice  and  experience  has  been  at 
length  arrived  at,  w  hich  may  indeed  be  hereafter  extended ;  but 
which,  in  all  probability,  will  never  suffer  any  great  fundamental 
change.  The  chief  difficulty  to  be  encountered,  is  to  render  the 
knowledge  systematic.  If  it  be  not  digested — if  it  be  not  perfectly 
consistent  with  itself — if  the  whole  observe  not  simple  and  demon- 
strable dependence  on  definite  principles,  the  failure  of  the  un- 
dertaking is  inevitable.  Simplicity  and  system  are  the  two  keys 
to  the  success  of  all  works  on  practical  science.  We  insist  the 
more  earnestly  on  the  necessity  of  scientific  connection  and  unity 
of  plan,  because  experience  has  shown  how  far  the  neglect  of  tliose 
requisites  impairs  the  utility  of  a  treatise  on  the  steam-engine. 
That  bearing  the  appellation  of  the  "  Artizan,"  will  always  be  in 
high  repute,  for  the  vast  quantity  of  practical  information  which  it 


contains  ;  but  this  advantage  is  greatly  diminished  by  the  want  of 
plan,  ^yorks  which  contain  the  labours  of  several  indeiiendent 
writers  should  always  be  subject  to  the  supervision  of  some  con- 
trolling editor,  who  should  be  responsible  for  the  scientific  accuracy 
of  the  whole.  Many  readers  of  engineering  works  are  necessarily 
obliged  to  receive  scientific  principles  on  trust — their  own  ]>revious 
education  being  devoted  to  practical,  and  not  to  theoretical  pur- 
suits. It  is  all-important  that  such  readers  should  not  he  misled. 
The  slightest  error  of  jirinciple,  the  neglect  of  particulars  in  them- 
selves apparently  trivial,  will  frequently  lead  to  the  greatest  en-ors. 
Of  what  importance  is  it  then  that  all  mechanical  doctrines  should 
he  accurately  conceived  and  strictly  expressed  ? 

Lastly,  it  should  be  carefully  and  constantly  explained  to  the 
student,  that  the  abstract  hiws  of  mechanics  are  demonstrated — 
that  respecting  them,  debate  would  be  as  frivolous  as  respecting 
the  truth  of  the  conclusions  of  Euclid.  The  only  persons  who  argue 
about  mechanics  are  those  who  are  imperfectly  acquainted  with  the 
science.  In  the  apjilications  of  mechanics  to  the  steam-engine, 
the  only  questionable  topic  is  the  accuracy  of  data— the  methods 
of  calculating  from  those  data  have  been  long  since  settled  beyond 
all  possibility  of  dispute.* 

*  We  observe  wilh  satisfacMoii,  that  a  new  and  improved  edition  of  Treriguld  on  the 
steam-engine  is  proposed.  The  name  of  tlie  publisher  is  a  euarnntee  for  the  excellente 
of  the  typograph.v  and  value  ot  the  illustrations.  If  scientific  tccuracy.  which  we  have 
here  insisted  upon  as  all-important,  be  also  attained,  a  most  valuable  addition  to  the 
engineer's  library  will  be  protiuted. 
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Account  of  the  Skerryvore  Lighthouse,  with  notes  on  the  Illumination 
of  Lighthouses.  By  Alan  Stevenson,  LL.B.,  F.R.S.E.,  M.I.C.E., 
Engineer  to  the  Northern  Lighthouse  Board.  Edinburgh  :  Adam 
and  Charles  Black,  184-8. 

When  we  lately  noticed  the  praiseworthy  labours  of  Sir  John 
Rennie,  in  bringing  out  his  costly  work  on  Plymouth  Breakwater, 
we  hartlly  hoped  to  be  so  lucky  as  to  have  brought  before  us  so 
soon  another  professional  contribution  of  like  merit.  It  may  be 
thought  that  we  are  better  satisfied  by  this,  and  less  ready  to 
grumble  ;  hut  we  must  freely  own  that  it  makes  us  grumble  the 
more.  It  is  not  because  Sir  John  Rennie  and  Mr.  Stevenson  have 
so  well  done  their  duty,  that  the  ground  of  our  complaint  is 
gone.  Our  outcry  is  not  against  them,  but  against  the  other 
engineers  of  high  reputation,  who,  having  the  same  means,  have 
done  nothing  for  professional  literature.  We  know  the  answer:  the 
hackneyed  one  of  want  of  time.  Sir  John  and  Mr.  Stevenson  have 
answered  that,  and  the  public  are  quite  willing  to  make  every  al- 
lowance for  any  short-coming  on  the  ground  of  the  want  of  time  ; 
but  it  should  not  be  forgotten  that  the  greater  share  in  a  professional 
book  is  not  in  the  writing,  but  in  the  plates  :  we  may  add  that  the 
greater  part  of  the  cost  is  for  the  plates.  Nothing,  therefore,  can  be 
more  easy  for  those  who  have  the  money,  than  to  put  into  the  engra- 
ver's hands  the  drawings  which  they  have  by  them,  and  then,  if 
they  cannot  themselves  do  all  the  writing  which  is  required,  they 
must  get  some  one  to  help  them  ;  and  that,  too,  is  only  a  matter  of 
money.  In  any  way  in  which  the  question  can  be  looked  at,  it 
resolves  itself  into  one  of  outlay,  and  of  good  will;  and  we 
cannot  help  saying,  that  it  is  far  from  creditable  to  our  engi- 
neers to  be  so  neglectful  of  publishing  proper  records  of  their 
works.  We  cannot  free  them  from  the  charge  of  want  of  will,  for 
it  is  too  well  known  to  spirited  engineering  publishers,  to  authors, 
and  to  editors  of  professional  works,  that  it  is  next  to  impossible 
to  get  information,  either  from  the  leading  engineers  or  their  as- 
sistants. Thus,  what  is  published  is  mostly  very  imperfect;  and  then 
the  parties  who  ought  to  have  given  the  information  are  the  first 
to  decry  what  has  been  done,  and  to  lay  blame  for  what  is  wrong, 
or  is  wanting. 

We  would  rather  believe  that  the  wrong  lies  in  this  want  of  will, 
than  in  want  of  liberality,  because  many  of  those  open  to  blame  have 
always  given  very  freely  to  professional  institutions.  AVant  of 
means  we  cannot  allow  ;  for  those  who  can  spend  money  in  buying 
boroughs,  and  in  getting  a  seat  in  parliament,  can  well  give  a  few 
hundred  pounds  for  bringing  out  a  book.  If,  too,  the  evil  lay  in 
the  want  of  liberality,  we  should  be  hopeless  of  overcoming  it ;  but 
if  it  be  from  want' of  rightly  thbiking  about  it,  or  fiom  want 
of  the  will  to  set  to  work,  then  we  have  some  trust  from  what  we 
know  of  our  leading  men,  that  they  will  not  in  the  end  be  foun«l 
wanting;    but  will,   after   careful  'thought,  do   that  which  Xhvv 
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tiiid  to  be  riplit.  The  matter  is,  indeed,  one  of  great  woijflit,  and 
mostly  as  it  touclies  the  frood  nime  of  those  concerned ;  for  liovi- 
can  the  standing  of  the  ])rofession  he  ke]it  up,  if  its  memhers  lie 
open  to  the  cliargc  of  ni^-re  nioney-gruhbina:,  and  an  utter  care- 
le-;sness  of  doing  anvtliiug  to  kee])  up  professional  knowledge  ? 
The  engineer  has  been  tausrht  by  others,  and  as  he  cannot  repay 
tliosc  wlio  have  taught  him,  he  must  for  his  share  teacli  others. 
I5y  huildiug  the  Eddystone  Lighthouse,  Smeaton  laid  the  grmmd- 
Mork  of  the  greater  lightliouse  on  the  Bell-rock  ;  and  Mr.  .Man 
Stevenson,  following  in  the  footsteps  of  his  father,  has  outdone  him 
in  his  great  work  at  Skerryvore.  Had  we  not  the  first  work,  the 
last  would  still  he  wanting  ;  but  it  is  by  storing  up  kiuiwledge,  by 
gathering  little  and  little,  that  it  grows  until  we  can  work  out 
those  wonders  which  are  the  pride  of  all  time.  The  slight  tram- 
way has,  by  the  work  of  many  hands,  been  brought  to  such  a  height 
that  it  has  become  the  strong  arm  of  civilization.  Time  has  been 
overcome,  and  the  furthest  ends  of  the  land  brought,  as  it  were, 
within  grasp.  Why,  however,  do  we  talk  of  such  things  ?  Why 
do  our  great  men  take  their  seats  at  the  meetings  of  tlie  Institu- 
tions— why  have  they  anything  to  do  with  them,  if  they  do  not 
acknowledge  them  to  the  full? 

The  Institutiim  of  Civil  Engineers  sets  out  with  the  purpose  of 
communicating  knowledge  to  its  members,  and  of  keeping  a  record 
of  every  new  work.  Each  member  is  pledged  to  write  something, 
and  to  give  his  mite  to  the  common  stock.  This  is  an  acknow- 
ledgment of  the  principle,  and  it  would  be  well  if  the  members 
of  the  Institution  were,  in  their  choice  of  officers,  to  bear  this  in 
mind,  and  only  name  those  of  their  brethren  as  president  and  vice- 
presidents,  who  had  given  their  fair  share  to  professional  learning. 
This  would  be  a  right  acknowledgment  to  those  who,  like  Sir 
John  Rennie,  George  Rennie,  Sir  John  Macneill,  and  Alan  Steven- 
son, have  done  something,  and  would  give  a  spur  to  others. 

So  long  as  engineers  look  after  money  only,  and  do  not  care  for 
their  good  name,  so  long  will  they  be  without  their  right  weight 
with  the  public  ;  and  so  long  will  the  government  be  able  to  tram- 
ple on  them,  and  give  their  emoluments  to  the  military  engineers. 
It  is  not  enough  that  they  have  raised  great  works — the  evil-willed 
will  always  say,  those  were  done  for  money,  and  will  he  e\'er  ready 
to  take  away  from  the  honour  which  would  otherwise  be  awarded. 
The  thankfulness  of  the  public  is  not  so  sure,  that  any  means  of 
earning  it  can  safely  he  left  undone.  How  many  gi-eat  men  are 
there  whose  names  are  almost  forgotten,  and  whose  deeds  are  un- 
known !  Very  fevv,  when  they  see  a  canal,  think  of  the  labours  of 
Brindley,  or  when  they  see  a  locomotive,  think  of  how  much  we 
owe  to  Trevithick.  Those  who  were  careless  of  their  good  names 
in  their  lifetime,  would  have  little  right  to  complain  of  the  for- 
getfulness  of  those  who  came  after  them  ;  and  our  great  men  of 
this  day  can  look  forward  to  nothing  better.  If  they  have  tasted 
the  ill-will  of  those  amongst  whom  they  live,  and  who  see  them 
and  their  works,  they  cannot  reckon  that  they  will  fare  better 
hereafter,  when  they  have  done  nothing  to  show  that  they  care 
for  others  as  well  as  for  themselves. 

Smeaton  lives  in  his  writings,  as  much  as  in  his  other  works ; 
and  he  has  earned  for  himself  a  share  in  the  works  of  those  who 
have  followed  in  his  path.  Thus,  Mr.  Stevenson  bears  witness  to 
Smeaton's  good  works.  Before  beginning  the  Skerryvore  light- 
house, he  carefully  read  what  had  been  written  by  the  great  num 
who  went  before  him.  Even  to  the  shape  or  bearing  of  a  stone, 
or  the  fitting  of  a  joint,  Smeaton  had  carefully  put  down  what  he 
had  done,  and  Mr.  Stevenson  was  alile  to  come  to  a  sound  judg- 
ment as  to  what  he  himself  thought  of  doing.  The  knowledge  of 
a  hundred  years  was  at  once  brought  to  bear,  and  the  engineer  has 
outdone  the  works  of  his  great  master. 

Skerryvore  will  withstand  for  hundreds  of  years  the  storms 
and  blasts  which  burst  upon  it,  and  those  who  look  at  it  will  see, 
with  wonder,  its  strength  and  its  bulk,  and  acknowledge  its 
builder  has  done  his  work.  A  rock  of  stone  is  raised  upon  the 
crags  of  Skerryvore,  hut  the  even  seams  hide  all  the  work  within : 
each  layer  buries  from  sight  the  cunning  handiwork  beneath  it.  The 
very  finish  stands  as  it  were  in  witness  against  the  hardihood  of  the 
builder  ;  and  there  is  nothing  scarcely  to  show  his  skill, — nothing  to 
show  the  care,  the  sweat,  the  peril  spent  in  putting  stone  on  stone, 
among  threatening  waves  and  sweeping  winds,  which  shook  the 
narrow  dwelling  of  the  workmen,  ready  to  dash  them  into  the 
troubled  sea  which  yawned  beneath  them.  There  is  greater  hero- 
ism in  fighting  against  such  risks,  than  in  shedding  blood  in  every 
field  of  Scinde,  or  in  warring  against  the  hold  highlanders  of  C'ahul. 
Nor  can  the  sailor  even  claim  the  perils  of  the  ocean  for  himself; 
hut  the  engineer  shares  them  with  him.  Great  as  are  the  risks 
which  our  seamen  have  to  meet,  they  are  not  greater  than  Mr. 
Stevenson  and  his  workmen  underwent  on  the  rock  of  Skerryvore. 


The  first  shelter  they  raised  was  wrecked  in  a  winter's  storm,  and 
tliey  dwelt  for  months  in  a  barrack  upon  the  rock,  which  thev 
could  not  but  believe  was  threatened  with  the  same  end.  Cranes, 
windlasses,  forges,  aiul  anvils,  were  tossed  about  the  rock  by  the 
storm,  as  freely  as  ])ebbles,  dashing  timbers  to  pieces,  and  helping 
to  tear  away  the  works  which  were  laid  down.  No  tool  couhl  be 
left  for  a  day  without  being  lashed  to  ring-bolts,  and  even  these 
were  sometimes  snajiped  oif.  The  surf  dashed  in  sheets  against  Mr. 
Stevenson's  window,  fifty  feet  above  the  sea  ;  and  (uie  night,  he 
tells  us  the  barrai-k  reeled  so  with  the  shock  of  the  waters,  that  all 
the  men  leaped  from  their  hammocks  with  a  fearful  wail,  believing 
that  their  iloom  was  come,  and  that  they  should  be  swept  into  the 
seething  waters.  Here  were  they  sometimes  laid  u])  for  days, 
unable  to  stand  upon  the  sli])pery  rock,  or  to  face  the  sweeping 
storm  ;  and  lying  in  their  hammocks  day  and  night,  for  shelter 
against  the  hitter  cold.  Sometimes  they  were  left  almost  without 
food,  for  the  steamer  could  not  always  kee])  the  sea ;  and  (uice 
their  stock  was  brought  down  to  the  wants  of  one  day  only.  At 
all  times  it  was  hard  to  land,  or  to  get  the  stones  out  of  the 
lighters ;  ami  often  they  were  hauled  back  by  the  steamer  after 
snapping  every  warp.  The  rock  was  as  smooth  as  glass,  and  so 
narrow  that  the  workmen  had  hardly  room  to  work.  In  blasting 
for  the  foundations,  there  was  no  shelter  uiuler  which  the  men 
could  lie  down;  so  that  Mr.  Stevenson  had  to  cover  the  rock  with 
matting  when  blasting  was  going  on.  On  this  spot,  thev  worked 
under  the  broiling  sun  while  daylight  lasted,  snatching  oidy  hasty 
meals ;  and  their  nights  they  spent,  the  first  year,  in  an  uneasy 
ship,  which  often  made  them  sea-sick  ;  and  afterwards  in  the  bar- 
rack, whence  the  storm  might  have  in  one  moment  hurled  them 
from  sleep  to  death. 

The  few  words  which  Mr.  Stevenson  gives  to  these  risks  he  and 
his  fellow-workmen  underwent,  have  all  the  charm  of  romance, 
and  may  well  he  put  side  by  side  with  any  tale  of  the  sea.  They 
are  most  pleasing,  however,  as  a  record  of  true  courage,  success- 
fully exerted  in  a  useful  undertaking.  Had  we  not  this  record, 
we  should  know  hut  little  of  what  Mr.  Stevenson  has  done,  or  how 
to  rate  him  at  his  true  worth  ;  indeed,  half  of  his  merit  would  he 
lost,  for  the  mere  workmanship  is  the  least  which  he  can  boast  of; 
and  others  could  match  him  even  in  that.  The  skill,  the  foresight, 
the  battle  with  the  hardships  of  every  kind,  which  beset  this  un- 
dertaking, tasked  his  powers  to  the  utmost ;  but  he  answered  to 
the  call. 

Professional  gallantry  in  meeting  danger  is,  we  are  happy  to  say, 
far  from  rare.  The  engineer  is  ever  ready  to  share  with  the  work- 
men in  every  work  of  risk,  and  there  are  few  great  works  which 
have  not  some  tale  of  gallantry  to  tell.  The  lighthouses  of  the 
Eddystone,  the  Bell-rock,  and  Skerryvore,  were  beset  with  peril ; 
in  the  tunnels  under  the  Thames,  Trevithick,  Sir  Mark  Brunei, 
and  Mr.  Gravatt,  risked  themselves;  and  daily,  wherever  a  new 
locomotive  is  tried,  a  new  boiler  is  set  up,  a  new  mine  opened,  or 
a  new  engine  built,  some  engineer  puts  his  life  at  stake.  Courage 
is  not  the  virtue  of  a  blue  coat,  or  of  a  red  one:  the  medical  man 
who  meets  typhus  in  the  abodes  of  the  poor,  is  a  greater  hero  than 
he  who  boards  another's  bulwarks,  or  who  storms  a  breach ;  be- 
cause he  has  no  hope  of  glory  or  advancement,  and  a  greater 
chance  of  danger. 

The  reader  of  Mr.  Stevenson's  hook  is  sure  to  be  struck  by  the 
thought  of  its  value  to  engineers  now  and  hereafter,  but  most  to  those 
in  our  far  settlements,  who  have  no  chance  of  going  to  Skerryvore, 
or  to  the  Eddystone ;  and  who,  indeed,  if  they  had,  would  see  the 
work — hut  not  how  it  has  been  done.  Mr.  Stevenson  has  been  care- 
ful fully  to  explain  every  step  which  he  took,  to  account  for  his 
failures,  to  give  the  reasons  by  which  he  was  led,  and  to  describe 
every  process,  however  common,  or  however  trifling.  He  thought 
that  nothing  belonging  to  his  work  was  beneath  him  ;  and  as  he 
looked  into  everything,  he  was  enabled  even  to  make  improvements 
in  many  of  the  common  operations.  By  recording  wliat  he  did,  he 
enables  others  to  do  likewise,  and  to  follow  in  his  path;  and  )io  one 
thinks  that  his  book  is  too  long, — but  rather,  each  wishes  that  it 
were  longer,  though  nothing  is  left  out.  Care  in  such  works  is 
highly  needful,  and  is  most  wanted  where  there  are  no  bounds  to 
the  outlay  which  may  be  made.  By  leaving  out  such  dovetails 
and  ribbands  as  Smeaton  and  Thomas  Stevenson  had  in  their  lower 
layers,  Mr.  Stevenson  sa\'ed  above  four  thousand  pounds  in  the 
cost  of  dressing  the  granite,  and  without  any  loss  of  strength  or 
safety.  By  getting  everything  ready  before-hand,  he  had  no  loss 
of  time  in  running  up  his  building  on  the  rock,  but  had  every  stone 
dressed,  so  that  it  was  right  to  the  eighth  of  an  inch;  and  the  whole 
building  is  as  well  finished  as  if  it  were  raised  upon  the  main  land, 
with  every  help  at  hand, — whereas,  there  was  hardly  room  on  the 
rock  for  blasting,  no  mooring  ground,  no  pier,  no  quay,  hardly  room 
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for  a  wiiidlass,  and  everything  was  brought  from  Hynish,  twelve 
miles  (lif. 

Whoever  reads  this  book  must  think  more  highly  of  the  labours 
of  engineers;  but  when  we  look  at  tlie  wonderful  works  whicli  are 
spread  o^•er  this  land,  we  cannot  but  wish  that  we  liad  as  good 
records  of  tliem.  Tlie  public  will  name  many  who  are  well  able  to 
do  justice  to  their  own  labours,  and  the  fulfilment  of  the  public 
wish  would  greatly  enrich  our  libraries.  The  history  of  the  Liver- 
pool and  Manchester  Railway,  by  Mr.  George  Stephenson,  would 
be  a  hand-book  for  all  time.  Mr.  Robert  Stephenson,  ]M.I'.,  has  in 
the  London  and  Birmingham  Railway  a  good  subject  for  illustra- 
tion. l\Ir.  Locke,  M.P.,  can  do  no  better  service  to  the  profession 
than  by  the  publication  of  an  account  of  the  Grand  Junction  Rail- 
way. Mr.  Brunei  has  spent  many  years  upon  the  jierfection  of 
the  broad-gauge  system,  and  has  in  the  Great  Western  Railway 
achieved  a  success  which  should  not  be  forgotten.  Mr.  Cubitt 
has  allowed  his  assistants  to  give  accounts  of  the  tunnels  and 
blasting  operations  on  the  South  Eastern  Railway,  but  a  full 
account  of  the  whole  line  is  wanted  from  his  own  hands.  AV^e  hope 
the  time  is  not  far  off  when  we  shall  see  these  among  other  contri- 
butions to  our  professional  literature. 

We  shall  now  call  attention  to  the  rocks  on  which  the  Skerry- 
vore  lighthouse  was  raised.  They  form  part  of  a  long  reef,  1 1 
miles  to  the  south  of  Tyree,  in  the  outer  range  of  the  Hebrides 
or  Western  Isles,  so  that  they  are  in  the  sea-way  between  Scotland 
and  Ireland;  and  ships  from  seaward,  if  they  miss  the  north  of 
Ireland,  are  often  driven  on  Skerryvore,  where  many  wrecks  have 
happened.  In  18]  4,  an  act  of  parliament  was  obtained  for  building 
a  lighthouse,  but  it  was  not  till  1834.  that  Mr.  Alan  Stevenson  was 
sent  to  make  the  first  survey. 

At  low  tides,  Skerryvore  measures  about  280  feet  square  ;  but  it 
is  cut  up  by  gullies  of  unlooked-for  depth,  so  that  the  solid  part  is 
only  160  feet  by  70  feet.  On  this  a  loaf  of  rock,  about  five  feet 
broad,  rose  to  tlie  height  of  eighteen  feet  above  high-water  level, 
the  greater  part  of  the  rest  being  about  si.x  feet  above  that  level. 
The  rock  Mr.  Stevenson  calls  a  syenitic  gneiss,  consisting  of  quartz, 
felspar,  hornblende,  and  mica. 

It  was  not  till  the  summer  of  1835  that  the  survey  was  finished, 
and  Hynish,  in  the  wretched  island  of  Tyree,  was  chosen  for  the 
workyard.  This  is  12  miles  from  Skerryvore.  In  1836  and  1837, 
quarries  were  opened  in  Tyree,  and  in  the  latter  year  the  pier  at 
Hynish  was  begun.  Mr.  Stevenson  was  now  busy  in  drawing  up 
his  plans,  and  here  he  came  to  a  weighty  question. 

"  A  primary  inquiry,  in  regard  to  towers  in  an  exposed  situation,  is  the 
question,  whether  their  stability  should  depend  upon  their  strength  or  their 
weight ;  or,  in  other  words,  on  their  cohesion,  or  their  inertiie  '  In  pre- 
ferring weight  to  strength,  we  more  closely  follow  the  course  painted  out  by 
the  analogy  of  nature ;  and  this  must  not  be  regarded  as  a  mere  notional 
advantage,  for  the  more  close  the  analogy  between  nature  and  our  woiks, 
the  less  difficulty  we  shall  experience  in  passing  from  nature  to  art,  and  the 
more  directly  will  our  observations  on  natural  phenomena  bear  upon  the 
artificial  project.  If,  for  example,  we  make  a  series  of  observations  on  the 
force  of  the  sea,  as  exerted  on  masses  of  rock,  and  endeavour  to  draw  from 
these  observations  some  conclusions  as  to  the  amount  and  direction  of  that 
force,  as  exhibited  by  the  masses  of  rock  which  resist  it  successfully  and  the 
forms  which  these  masses  assume,  we  shall  pass  naturally  to  the  determina- 
tion  of  the  mass  and  form  of  a  building  which  may  be  capable  of  opposing 
similar  forces,  as  we  conclude,  with  some  reason,  that  the  mass  and  form  of 
the  natural  rock  are  exponents  of  the  amount  and  direction  of  the  forces 
they  have  so  long  continued  to  resist.  It  will  readily  be  perceived,  that  we 
are  in  ^  very  different  and  less  advantageous  position  when  we  attempt,  from 
such  observations  of  natural  phenomena,  in  which  weight  is  solely  concerned, 
to  deduce  the  strength  of  an  artificial  fabric  capable  of  resisting  the  same 
forces;  for  we  must  at  once  pass  from  one  category  to  another,  and  endea- 
vour to  determine  the  s<re?;ir^A  of  a  comparatively /;^/i<  object  which  shall 
be  able  to  sustain  the  same  shock,  which  we  know,  by  direct  experience, 
may  be  resisted  by  a  given  weight.  Another  very  obvious  reason  why  we 
should  prefer  mass  and  weight  to  strength,  as  a  source  of  stability,  is,  that 
the  effect  of  mere  inertia  is  constant  and  unchangeable  in  its  nature;  while 
the  strength  which  results,  even  from  the  most  judiciously  disposed  and  well 
executed  fixtures  of  a  comparatively  light  fabric,  is  constantly  subject  to  be 
impaired  by  the  loosening  of  such  fixtures,  occasioned  by  the  almost  incessant 
tremor  to  which  structures  of  this  kind  must  be  subject,  from  the  healing  of 
the  waves.  It  was  chiefly  on  these  grounds  that  the  Commissioners  of 
Northern  Lights,  after  consulting  a  Committee  of  the  Royal  Society  of  Edin- 
burgh, and  Messrs.  Cubitt  and  Rennie,  civil  engineers,  rejected  the  design  of 
Captain  Sir  Samuel  Brown,  R.N.,  who  volunteered  a  proposal  to  build  an 
iron  pillar  at  the  time  that  the  erection  of  the  Skerryvore  Lighthouse  was 
determined  on  in  1835.  Mass,  therefore,  seems  to  be  a  source  of  stability, 
the  efl'ect  of  which  is  at  once  apprehended  by  the  mind,  as  more  in  harmony 
with  the  conservative  principles  of  nature,  and  unquestionably  less  lial.le  to 
be  deteriorated  than  the  s<renj<A,  which  depends  upon  the  careful  proportion 
and  adjustment  of  parts," 


In  fixing  the  quantity  of  matter  needful  to  produce  stability,  and 
in  determining  tlie  shape  of  the  tower,  Mr.  Stevenson  had  to 
proceed  empirically,  for  there  is  a  want  of  sufficient  experiments. 
Mr.  Stevenson  gives,  however,  a  full  discussion  of  the  data,  which 
are  available.  At  this  point  he  brings  in  an  interesting  comparison 
of  the  three  great  lighthouses. 


Eddystone 

Bell-rock 

Skerryvore 


Height  above 

lir8t  entire 

course. 


Feet. 

68 
100 
1385 


Contents  of 
tower. 


Cubic  feet. 
13,343 
28,530 
58,580 


Diameter.            I 

At  Base. 

At  Top. 

Feet. 

Feet. 

28 

15 

42 

16 

42 

15 

The  first  barrack  raised  was  swept  away  by  the  sea,  so  that  in 
1839  the  summer  was  spent  in  raising  another,  and  in  excavating 
the  foundation  of  the  lighthouse  tower.  The  difficulty  of  doing 
this  may  be  appreciated  from  the  following  account: — 

"  It  was  commenced  on  the  6th  of  May,  and  was  continued  up  to  the  last 
hour  of  our  remaining  on  the  rock,  on  the  3rd  of  September.  A  more  un- 
promising prospect  of  success  in  any  work  than  that  which  presented  itself 
at  the  commencement  of  our  labours,  I  can  scarcely  conceive.  The  great 
irregularity  of  the  surface,  and  the  extraordinary  hardness  and  unworkable 
nature  of  the  material,  together  with  the  want  of  room  on  the  rock,  greatly 
added  to  the  other  difficulties  and  delays,  which  could  not  fail,  even  under 
the  most  favourable  circumstances,  to  attend  the  excavation  of  a  foundation, 
pit  on  a  rock  at  the  distance  of  12  miles  from  the  land.  The  rock,  as 
already  noticed,  is  a  hard  and  tough  gneiss,  and  required  the  expenditure  of 
about /(/Mr  times  as  much  labour  and  steel  for  boring  as  are  generally  con- 
sumed  in  boring  the  Aberdeenshire  granite. 

After  a  careful  survey  of  the  rock,  and  having  fully  weighed  all  the  risks 
of  injuring  the  foundation,  I  determined  at  once  to  enter  upon  a  horizontal 
cut,  so  as  to  lay  bare  a  level  floor  of  extent  suflicient  to  contain  the  founda- 
tion pit  for  the  tower.     The  very  rugged  and  uneven  form  of  the  Rock  made 
this  an  almost  necessary  precaution,  in   order  to  prevent  any  misconception 
as  to  its  real  state,  for  it  was  traversed  by  numerous  veins  and  bands  incUned 
at  various  angles,  on  the  position  and  extent  of  which  the  stability  of  the 
foundation  in  no  small  degree  depended.     That  operation  occupied  30  men 
for  102  days,  and  required  the  firing  of  no  fewer  than  246  shots,  chiefly 
horizontal,  while  the  quantity  of  material  removed   did  not  greatly  exceed 
2,000  tons.     It  was  a  work  of  some  hazard ;  for  the  small  surface  of  the 
Rock  confined  us   within  30,  and  sometimes  within  a  dozen  yards  of  the 
mines,  while  its  form  afli'orded  us  no  cover  from   the  flying  splinters.     The 
only  precautions  we  could  adopt  were  to  cover  the  mines  with  mats  and  with 
coarse  nets,  which  I  had  caused  to  be  made  during  the  previous  winter,  of 
the  old  ropes  of  one  of  the  lighthouse  tenders,  and  in  each  blast  to  appor- 
tion very  carefully  the  charge  of  powder  to  the  work  that  was  to  be  done. 
That  was  managed  with  great  skill  by  Charles  Barclay,  the  foreman  of  the 
quarriers,  who  charged  all  the  bores,  and,  along  with  myself,  fired  all  the 
shots.     So  completely  did  the  simple  expedient  of  covering  the  bores  with 
nets  and  mats  check  the   flight  of  the  stones,  that,  except  on  one  or  two 
occasions,  none  of  the  splinters  reached  us,  and  all  the  damage  done  was  a 
slight  injury  to  one  of  the  cranes.     Perhaps,  also,  our  safety  may,  in  some 
measure,  be  attributed  to  a  change  which  I  introduced  into  the  mode  of 
charging  the  horizontal  shots,  by  which  all  the  risk  of  pushing  home  the 
powder  in  the  ordinary  mode  with  the  tamping  rod  is  avoided.    That  cuange 
consisted   in   using  a  kind  of  shovel,  formed  of  a  rod,  armed  with  a  hollow 
half-cylinder  of  sheet  copper,   which  contained  the  powder,  and  being  in- 
verted by  giving  the  rod   half  a  turn  round  its  axis,  made  the  powder  drop 
out  when  the  cylinder  reached  the  bottom  of  the  bore.  It  was  in  all  respects, 
excepting  size,  the  same  as  the  cbarging-rod  used  for  great  guns.     The 
amount  of  materials  removed  by  blasting,  as  nearly  as  I  could  ascertain,  was 
only  about  1,000  cubic  yards;  and,  taking  all  the  circumstances  into  account, 
it  may  be  doubted  whether  there  be  any  instance  in  modern  engineering  of 
an  operation  of  so  small  an  extent  occupying  so  much  time,  and  involving  so 
great  risk.     The  blasting  of  the  rock,  however,  was  not  the  only  difficulty 
with  which  we  had  to  conteiid,  for  it  also  became  necessary  to  remove  the 
quarried  materials,  amounting  to  about  2,000  tons,  into  the  deep  water 
round  us,  to  prevent  their  being  thrown  by  the  waves  upon  the  rock,  and  so 
endangering  the  future  temporary   barrack.     That  was  rather  a  laborious 
work,  and  occupied  two  cranes,  with  temporary  runs  and  trucks,  during  the 
greater  part  of  the  time  we  spent  on  the  rock.     I  am  well  aware  that  the 
quantity  of  materials  which  I  have  just  mentioned,  will  be  apt  to  produce  a 
smile  from  those  who  have  been  chiefly  conversant  with  the  gigantic  but 
simple  operations  which  generally  characterise  the  great  railways  of  this 
country;  but  if  it  be  remembered  that  we  were  at  the  mercy  of  the  winds 
and  waves  of  the  wide  Atlantic,  and  were  every  day  in   the  expectation  of  a 
sudden  call  to  leave  the  rock,  and  betake  ourselves  to  the  vessel,  and  on 
several  occasions  had  our  cranes  and  other  tools  swept  into  the  sea,  the  slow- 
ness of  our  progress  will  excite  less  surprise  ;  and  still  less  will  those  who 
duly  weigh  the  dangers  of  our  daily  life,  both  in  our  little  vessel  and  on  the 
rock,  and  who,  at  the  same  time,  reflect  on  the  many  striking  proofs  which 
we  almost  every  hour  experienced  of  the  care  of  an  Almighty  hand,  be  diw 
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posed  to  wilhholJ  tlieir  sympatliy  from  the  heartfelt  expressions  of  gratitude 
which  often  went  round  our  little  circle  in  the  boats,  as  we  rowed  in  the 
twilight  from  the  rock  to  the  ship.  Isolation  from  the  world,  in  a  situation 
of  common  danger,  produces  amongst  most  men  a  freer  interchange  of  the 
feelings  of  dependence  on  the  Almighty,  than  is  common  in  the  more  chilly 
intercourse  of  ordinary  life. 

With  a  view  to  lessen  the  dangers  of  hlasting  in  such  a  situation,  I  had 
provided  a  galvanic  battery  on  the  plan  proposed  by  Mr.  Martyn  Rol)ert3, 
but  I  used  it  less  frequently  than  I  intended.  The  attachment  of  the  wires 
were  very  liable  to  be  broken  from  various  causes,  where  there  were  many 
men  congregated  in  a  small  space;  and  as  we  could  not  venture  to  leave  the 
apparatus  on  the  rock,  the  frequent  re-shipment  of  it  in  a  heavy  sea  was 
another  cause  of  the  derangement  of  its  parts.  I  soon,  therefore,  laid  it 
aside,  and  only  had  recourse  to  it  when  any  work  was  to  he  done  uiuler 
water,  or  in  cases  where  the  simultaneous  firing  of  several  mines  (for  which 
it  is  admirably  adapted)  was  of  importance  in  elfeciing  any  special  purpose. 

When  the  floor  had  been  roughly  levelled  I  again  carefullj  surveyed  the 
rock,  with  the  view  of  fixing  precisely  the  site  of  the  foundation-pit,  and  of 
caking  advantage  of  its  form  and  structure  to  adopt  the  largest  diameter  for 
the  lower  of  which  the  rock  would  admit.  In  some  places  I  found  that 
parts  of  the  rock,  apparently  solid,  had  been  undermined  by  the  constant 
action  of  the  waves,  to  the  distance  of  l.'i  feet  inward  from  its  face  ;  but  none 
of  those  cavernous  excavations  reached  the  main  nucleus,  so  that,  after  much 
deliberation  and  repeated  examinations  of  all  the  veins  and  fissures,  I  was 
enabled  to  mark  out  a  foundation-pit  42  ftet  in  diameter,  on  one  level 
throughout.  That  was  a  point  of  no  small  importance ;  and  although  it  had 
cost  great  labour  at  the  very  outset,  much  time  was  saved  by  it  in  the  sub- 
sequent stages  of  the  work.  Not  only  was  the  labour  thereby  avoided  of 
cutting  the  rock  into  separate  terraces,  and  fitting  the  blocks  to  each  suc- 
cessive step,  as  was  done  by  Smeaton  at  the  Eddystone  ;  but  the  certainty 
that  we  had  a  level  foundation  to  start  from,  enabled  us  at  once  to  commence 
the  dressing  of  stones  without  regard  to  any  irregularities  in  the  surface  of 
the  rock ;  and  the  building  operations,  when  once  commenced,  continued 
unimpeded  by  the  necessity  for  accommodating  the  courses  to  their  places  in 
the  foundation-pit,  so  that  the  tower  soon  rose  above  the  level,  at  which 
there  was  the  greatest  risk  of  the  stones  being  removed  by  the  waves  before 
the  pressure  of  the  superincumbent  building  bad  become  great  enough  to 
retain  them  in  their  places. 

The  outline  of  the  circular  foundation-pit,  42  feet  in  diameter,  having  been 
traced  with  a  trainer  on  the  rock,  numerous  jumper-holes  were  bored  in 
various  places,  having  their  bottoms  all  terminating  in  one  level  plane,  so  as 
to  serve  as  guides  for  the  depth  to  which  the  basin  was  to  be  excavated. 
The  depth  did  not  exceed  15  inches  below  the  average  level,  already  laid 
bare  by  the  cutting  of  the  rough  horizontal  floor  which  has  just  been 
described  ;  and  before  the  close  of  the  season  of  1839,  about  one-t/iird  of  the 
area  of  the  circle  had  been  cleared,  and  was  ready  for  the  final  pick-dressing 
which  prepared  it  for  the  reception  of  the  first  course.  The  excavation  of 
this  circular  basin  was  conducted  with  the  greatest  caution,  and  few  shots 
were  permitted  to  be  fired  lest  the  foundation  should  in  any  place  be  shaken 
by  the  action  of  the  gunpowder  on  any  of  the  natural  fissures  of  the  rock. 
The  work  was  chiefly  done  by  means  of  what  are  called  plugs  and  feathers. 
In  that  part  of  the  work  the  bores  were  nearly  horizontal,  and  the  action  of 
the  plug  and  feathers  was  to  throw  up  a  thin  superficial  shelf  or  paring  of 
rock  of  from  6  to  12  inches  in  depth,  and  not  more  than  2  feet  square.  By 
tliat  painful  process  an  area  of  about  1,400  superficial  feet  was  cleared.  The 
thief  trouble  connected  with  that  operation  was  cutting,  by  means  of  the 
pick,  a  vertical  face  for  the  entrance  of  the  Lorizontal^'«m;)ers  or  boring 
rods ;  and  wherever  advantage  could  be  taken  of  natural  fissures  it  was  gladly 
done.  Another  considerable  source  of  labour  was  the  dressing  of  the  vertical 
edges  of  the  basin,  as  that  implied  cutting  a  square  check,  15  inches  deep 
and  about  130  feet  long,  in  the  hardest  gneiss  rock  ;  and  the  labour  attend- 
ing which,  can  only  be  fully  estimated  by  a  practical  stone-cutter  who  has 
wrought  in  such  a  material.  The  plan  employed  was  to  bore  all  around  the 
periphery  of  the  circle,  IJ  inch  vertical  jumper-holes,  6  inches  apart,  to  the 
required  depth,  and  to  out  out  the  stone  between  them.  The  surface  thus 
left  was  afterwards  carefully  dressed,  so  as  to  admit  vertical  and  horizontal 
moulds, representing  truly  the  form  of  the  masonry  which  the  check  was  in- 
tended to  receive.  The  experience  of  the  labour  attending  that  operation 
gave  me  great  reason  for  congratulation  on  having  adopted  a  foundation  on 
one  level  throughout,  instead  of  cutting  the  rock  into  several  terraces,  at 
each  of  which  the  same  labour  of  cutting  angular  checks  must  necessarily 
have  been  encountered.  The  cutting  of  the  foundation  occupied  20  men  for 
217  days  in  all,  whereof  1G8  days  were  in  the  season  of  1839,  and  the  rest 
in  the  summer  of  1840." 

It  was  not  till  1840  that  this  pit  was  finished,  when  Mr.  Steven- 
eon  says — 

"  The  rock,  indeed,  was  in  many  places  so  hard  as  often  to  make  it  seem 
hopeless  that  tools  could  make  any  impression  on  it.  The  time  employed  in 
the  excavation  and  the  number  of  tools  expended  on  it,  were  very  great,  as 
a  pick  seldom  stood  more  than  three  strokes  in  the  harder  quartzose  veins ; 
but  our  perseverance  was  at  length  amply  rewarded  by  obtaining  a  founda- 
tion so  level  and  so  fairly  wrought  throughout  the  whole  area  of  a  circle  42 
feet  in  diameter,  as  to  present  to  the  view  the  appearance  of  a  gigantic  basin 
of  variegated  marble;  and  so  much  pleased  were  the  workmen  themselves 
with  the  result  of  their  protracted  toil,  that  many  of  them  expressed  serious 


regret  that  the  foundation  must  soon  he  covered  up,  so  as  (we  trusted) 
never  to  be  seen  again.  In  the  dressing  of  the  rock  much  inconvenience 
arose  from  the  small  splinters  which  flew  out  before  the  tools,  sometimes 
rising  to  the  height  nf  40  feet,  and  coming  in  at  the  windows  of  the  barrark  ; 
and  after  several  injfiries  had  been  sustained,  I  at  length  found  it  necessary 
to  send  tn  Glasgow  for  fencing  masks  to  protect  the  men's  faces.  In  ail  our 
work,  nothing  was  more  grudged  than  the  occasional  loss  of  half  a  day  in 
baling  out  the  water  from  the  foundation-pit  after  it  had  been  filled  by  a 
heavy  sea." 

The  mortar  einployed  in  the  building  was  composed  of  equal 
parts  of  Aberdda  lime  and  Pozzolano  earth,  being  identical  with 
tliat  used  by  Smeaton. 

In  184-0,  six  courses  were  set,  being  a  mass  of  masonry  equal  to 
the  whole  of  the  Eddystone  tower.  In  1841,  30,300  cubic  feet  were 
built,  being  twice  as  much  as  the  Eddystone,  and  more  than  the 
whole  Bell-rock  lighthouse.  In  1842,  the  masonry  work  was 
finislied. 

The  general  arrangement  of  the  tower  is  much  like  that  of  the 
BeU-rock  lighthouse. 

"The  ascent  to  the  outside  door  is  by  a  ladder  or  trap  of  gun  metal,  26 
feet  high.  The  first  apartment  on  the  level  of  the  entrance  door,  is  chiefly 
appropriated  to  the  reception  of  iron  water-tanks,  capable  of  holding  a 
supply  of  1251  gallons.  The  next  story  is  set  aside  for  coals,  which  are 
stowed  in  large  iron  boxes.  The  third  apartment  is  a  workshop  ;  the  fourth 
is  the  provision  store;  and  the  fifth  is  the  kitchen.  Above  are  two  stories, 
each  divided  into  two  sleeping  apartments,  for  the  four  light-keepers.  Over 
them  is  the  room  for  the  visiting  officers;  then  follows  the  oil  store,  and 
lastly  comes  the  lightroom.  making  in  all  twelve  apartments.  The  nearness 
of  the  oil  store  to  the  lightroom  is  a  great  convenience  to  the  keepers, 
who  are  thus  saved  the  trouble  of  carrying  the  daUy  supply  of  oil  to  the 
lightroom,  up  a  long  flight  of  steps.  The  passage  from  story  to  story  is  by 
oaken  trap  ladders,  p.-issing  through  hatches  in  each  floor  and  partitioned  otf 
from  each  apartment  in  order  to  prevent  accidents  and  to  check  cold 
draughts." 

The  light  was  exhibited  at  Skerryvore  on  the  1st  of  February, 
1844. 

The  whole  cost  of  erection  was  90,268/.  12*.  Id.,  but  of  this  very 
little  was  spent  directly  on  the  lighthouse.  The  cost  may  be  thus 
subdivided : — 

Establishment  at  Hynish              ..  ..  £4822 

Rock  barrack.  No.  1      ..              ..  ..  790 

No.  2      ..              ..  ..  1479 

Establishment  and  quarries  at  North  Bay       ..  1883 

Signal  tower  and  lights  at  Hynish  ..  1215 

Wharf  and  railway  at  Skerryvore  ..  257 

Steamer,  tender,  and  stone  Hghters  ..  17145 

Moorings       ..              ..              ..  ..  766 

Boats  and  freight  of  hired  vessels  ..  5700 

Labourers  discharging  cargoes     ..  ..  933 

Travelling  expenses       ..             ..  ..  1711 

Coals              ..              ..              ..  ..  1463 

Gunpowder    ..              ..              ..  ..  375 

Excavating  platform     ..              ..  ..  763 

Dressing  lighthouse  blocks           ..  ..  9929 

Tools  and  machinery     ..              ..  ..  4267 

Cartage          ..              ..              ..  ..  1104 

Mortar           ..              ..              ..  ..  889 

Lighthouse  tower,  putting  together  and  fittings  8551 

Lightroom     ..              ..              ..  ..  3851 

Salaries          . .              . .              . .  ■ .  3656 

Ligbtkeepers' houses     ..             ..  ..  3915 

Pier  at  Hynish               ..              ..  ..  2591 

Dock  at  Hynish  for  the  tender     ..  ..  7055       , 

From  the  whole  cost,  2,839/.  is  to  be  taken  off  for  the  steamer 
and  materials  sold,  but  each  item  is  given  by  Mr.  Stevenson  in 
detaO. 

Having  thus  followed  Mr.  Stevenson  throughout  his  labours  on 
the  tower  at  Skerryvore,  we  must  keep  until  next  month  our 
remarks  on  a  subject  no  less  interesting — that  of  lights,  to  which 
a  great  part  of  his  book  is  devoted. 


EledHe  Telegraphs.     London :  Bog^e,  1848. 

This  is  a  shilling  volume  of  scraps  for  the  railway  carriage, 
which  contains  more  information  about  the  Electric  Telegraph, 
and  more  amusement,  than  any  which  has  yet  been  published. 
There  is  not  an  invention  in  England,  the  United  States,  or  abroad, 
which  has  escaped  the  author's  attention. 
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Report  fin  the  Supphi  of  Surpbin  Water  to  Manchester,  Salford,  and 
Stockport,  with  some  Remarks  upon  the  Construction  of  Rain  Gauge,^, 
nnd  the  Annual  Depth  of  Rain  falling  in  different  localities  around 
Manchester.     By  S.  C.  Homersham,  C'.E.     Loiuloii :  Weale,  1848. 

This  work  relates  to  the  great  Manchester  water  controversy, 
vhicli  for  the  last  few  years  has  so  much  occupied  that  town. 
Tiiere  are  three  candidates  for  the  supply  of  Manchester  with 
water :  the  Manchester  and  Salford  AV^aterworks  Company,  the 
Corporation  of  Manchester,  and  the  Manchester,  Sheffield,  and 
Lincoln  Railway  Company.  Mr.  Homersham  is  the  follower  of 
the  last-named,  and  his  work  is  tlierefore  one-sided  so  far,  though 
we  helieve  it  to  be  for  the  most  |)art  fair  and  straightforward. 

The  Waterworks  Company  suffer  from  a  short  supply  and  the 
bad  quality  of  their  water,  which  is  got  partly  from  peat-moss,  and 
partly  from  the  drainage  of  an  inhabited  district,  but  eked  out 
hx  a  supply  from  the  Railway  Company.  The  supply  is  clearly 
neither  enough  nor  good  enough  for  tlie  growing  town  of  Man- 
chester. The  town  council  have  therefore  got  a  bill  to  enable  them 
to  get  water  from  Longdendale,  gathered  into  reservoirs  from  a 
mossy  surface.  In  the  meanwhile  they  have  likewise  bought  water 
of  the  Railway  Company. 

The  Manchester,  Sheffield,  and  Lincoln  Railway  Company  having 
bought  the  Peak  Foi-est  Canal,  were  struck  with  the  profit  to  be 
got  by  the  sale  of  water  to  the  great  towns  of  Manchester  and 
Stockport.  Their  canal,  beginning  in  the  Peak  district  of  Derby- 
shire, among  the  steep  hills,  gives  them  a  right  to  all  the  water  not 
required  bythe  millowners;  and  as  there  is  much  morethan  iswanted 
for  the  trade  of  the  canal,  it  is  a  clear  gain  to  sell  it  in  those  towns. 
Tlie  Company  do  not  however  wish  to  retail  water  to  tlie  house- 
liolilers,  but  to  sell  it  wholesale  and  in  bulk  to  the  corporations  or 
water  companies.  The  Manchester  and  Salford  W^aterworks  Com- 
pany in  July  1  Sll,  bought  some  of  this  water,  and  soon  after  con- 
tr.icted  for  120,000,000  gallons  yearly,  for  three  years  certain,  at 
"id.  per  1,000  gallons,  or  a  rental  of  1,000/.  yearly.  In  1841,  they 
agreed  to  take  50,000,000  gallons  more.  In  August  181.7,  the  Cor- 
poration of  Manchester  took  for  three  years  '200,000,000  gallons 
yearly,  at  3rf.  per  1,000  gallons,  or  a  rental  of  2,.500/.  yearly.  The 
Railway  Company  offer  to  supply  the  Corporation  with  seven 
millions  of  gallons  of  filtered  water  daily,  at  Ijrf.  per  1,000  gallons, 
or  at  a  yearly  rental  of  15,968/.  15.5. 

By  the  enterprise  of  the  Railway  Company,  this  large  supply  of 
good  water  is  secured ;  and  we  have  no  doubt  that  in  many  other 
leases,  railway  companies  might  have  done  great  good  to  the  public 
in  the  supply  of  water  and  gas,  if  it  were  not  for  the  prejudices  in- 
dulged in  by  the  legislature,  which  shackle  railway  companies  as 
they  do  private  enterprise  generally.  Indeed,  the  whole  drift  of 
legislation  is  to  thwart  enterprise,  even  when  there  is  the  pretence 
of  consulting  the  public  interests.  Thus,  what  with  the  Sanitary 
measure,  threatening  to  interfere  with  the  companies,  and  what 
with  the  Standing  Orders,  there  is  hardly  a  bill  before  the  House 
of  Commons  for  waterworks.  The  Board  of  Trade  inspection 
presses  likewise  very  heavily  on  smaU  companies,  besides  the 
House  of  Commons  fees. 

Mr.  Homersham  thus  describes  the  country  around  Manchester 
from  which  the  water  is  drained  for  its  supply: — 

'•  The  towu  of  Mauchester  is  situated  at  an  average  heieht  of  about  120 
feet  above  the  ineau  level  of  the  sea  at  Liverpool,  and  is  boidered  on  the 
liorih-west,  the  north,  the  east,  and  the  south,  by  high  hills  and  upland 
lliHl,  m  a  distance  varying  from  twelve  to  eighteen  miles  from  the  town, 
rise  1,100  to  1,900  feel  above  the  sea,  when  they  liegin  to  tall  in  a  contrary 
ilirection.  The  highest  points  in  this  range  of  liilb  are  Kivington  Pike  to 
the  north-west  of  Manchester,  1,545  feet  above  the  mean  level  of  the  sea  ; 
Blackstore  Edge  to  the  north-east,  about  1,450  feet;  Holme  Moss  to  the 
east,  about  1,859  feet  ;  Kinder  Scout  to  the  south-east  about  1981  feet; 
Axe  Edge,  south-east  by  souih,  1,751  feet;  and  l\osley  Minns,  nearly 
direct  south,  about  1,260  feet.  These  hills  rise  very  abruptlv,  aud  the 
numerous  vallejs  aud  mountain  gorges  that  intersect  tiiem  in  various  direc- 
tions contain  channels,  called  rivers  or  streams,  that  drain  olf  the  rain 
which  falls  upou  them.  The  names  of  the  principal  rivers  deriving  their 
waters  from  the  sources  now  pointed  out,  are  the  Irwell,  the  Irk,  the  Med- 
lock,  the  Tame,  the  Eiherow,  the  Goyt,  the  Dane,  aud  the  Bollin.  The 
waters  of  the  whole  of  these  rivers  unite  in  the  river  Mersey,  and  by  this 
cjianiiel  are  discharged  into  the  sea  at  Liverpool. 

I'he  rivers  upon  which  the  towns  of  Manchester  and  Salford  are 
situated,  are  the  Irwell,  the  Irk,  and  the  Mediock  ;  the  two  latter  streams 
Joining  the  Irweii  wuhin  the  to^>D.  Tlie  area  of  land  u^on  which  the 
rain  falls  that  feeds  these  streams  before  entering  Machester  is  about 
163,000  statute  acres ;  of  which  about  1 1  300  drain  into  the  river  Mediock  ; 
17,000  into  the  Irk;  and  134,700  uito  the  Irwell;  these  rivers,  like  all 
others  having  a  similar  origin,  are  very  irregular  as  regards  the  quantity 
of  water  which  passes  down  them  at  differeut  seai-ous." 

Nothing  is  idle  in  that  busy  district — even  the  water  is  made  to 


work  hard.     Mr.  Homersham  says  of  the  river-gods  of  Lancashire 
and  Cheshire — 

"  They  are  made  to  turn  innumerable  water-wheels,  that  give  motion  to 
machinery  of  various  kinds;  they  are  used  lo  supply  both  the  means  of 
forming  and  condensing  steam,  that,  properly  directed,  performs  such  a 
prodigy  of  labour  with  unceasing  and  untiring  r fleet ;  they  are  nsed  to 
scour,  bleach,  and  dye  the  goods  ihey  have  helped  to  spin  and  weave  ;  and 
their  flood-waters,  collected  in  reservoirs,  feed  with  water  the  canals  and 
rivers  that  transport  both  the  raw  and  manufactured  material.  Tht-y 
supply  our  houses  with  water  for  domestic  purposes,  and  Ihey  perform 
the  office  of  scavenger  ;  removing  from  imr  dwellings  the  excretion  au"l 
filth,  that,  lem.iiniiig  near  us,  would  niidermiue  our  healtli,  eugender 
fevers,  and  cause  premature  death." 

Of  the  fall  of  water  two  very  interesting  tables  are  given,  which 
show  that  the  depth  of  rain  falling  at  the  same  place  is  very  un- 
equal in  different  years,  and  that  it  seems  to  follow  no  law,  but  the 
greatest  depth  of  water  falls  to  the  west,  which  is  nearest  to  the 
sea: — 

Table, — Showing  the  Depth  of  Rain  fallen  per  annum  for  a  series  of 
years  in  different  places  situated  in  the  upland  lo  the  tvesl,  north-east,  and 
south  of  Manchester,  and  the  level  above  the  mean  level  of  the  sea. 


S'lar- 

Comb's 

Chapel- 

ples, 

near 

Bolton. 

Bolton. 

Bury. 

Roch- 
dale. 

stone 
E^ge. 

IZ:  M"pi- 

Reser- 
voir. 

eii-je- 
Frith. 

Level., 

8511  leet . 

320  feet. 

300  feet. 

600  ft. 

1500  ft. 

2-?0  ft.  631  feet. 

720  feet. 

1121   ft. 

Vear. 

Inches, 

Inches, 

Inc-hes, 

Inch. 

Inches. 

Inch. 

Inches. 

Inches, 

Inches 

1832 

6.r;7 

37-96 

43  32 

31-63 

1833 

6170 

60-61 

66-73 

47-37 

1H34 

43-98 

42  48 

42-41 

39-94 

1835 

4()-44 

4;)  94 

47-97 

36-43 

1836 

5-V78 

49-67 

61-11 

41  26 

1837 

42  25 

44  05 

4.i-30 

38-17 

1838 

47-^5 

43  28 

46-42 

35-56 

1»3» 

45-26 

40  70 

46-76 

36  79 

1840 

45  03 

;(8  83 

44-00 

36  90 

48- J8 

1841 

63-87 

47-37 

48  65 

33  50 

52-311 

1842 

3-1-63 

34-49 

;<7  08 

30-70 

41- tl 

1843 

6.T4 

4S4:l 

411-47 

50-69 

;16  10 

38-00 

4i  90 

1844 

6CI-0 

;f4-63 

28  65 

34-41 

24  80 

26;15 

2940 

42  70 

;i3  oil 

184.5 

660 

48-11 

51-64 

39  !<0 

38-90 

38-80 

51-10 

43-8'l 

1841) 

498 

40-82 

42-04 

3; -10 

3020 

32  36 

38  1" 

.-'8  SO 

1847 

61  4 

52:12 

61-72 

:ib  70 

40-76 

43-70 

61-30 

44-00 

Means 

60-92 

46-74 

41-72 

46-75 

36-29 

34-84 

36-56 

4:v80 

42  98 

Lowest 

49-8 

34  63 

28-66 

34-41 

24  80 

26-35 

29-40 

38  10 

33-00 

Table, — Showing  the  Depth  of  Rain  fallen  during  the  past  yenr  of  IS-l?. 
at  various  places  situated  in  the  upland,  east  and  south  of  Manchester^  and 
level  above  the  mean  level  of  the  sea. 


Wood- 

Comb's 

Todd 

1847 

Newton 

hesd 

Reser- 

Comb's 

Broolt 

Brinks. 

Station. 

Tunnel. 

voir. 

Kidge. 

1;  Reser- 
!     voir. 

Level. . 

350  feet. 

1.000  ft. 

720  feel. 

1,670  ft. 

620  feet. 

1,500  ft. 

Inches. 

Inches. 

Inches. 

Inches. 

1  Inches. 

Inches. 

3469 

33-12 

51-30 

35  85 

!    38-39 

2950 

Note. — The  observations  for  Belmont  were  procured  from  .1.  ftla^natl.  Esq. ;  and  for 
Boltoo  from  H.  H.  Watson,  Esi). ;  from  Bury,  from  J.  Norris,  Esq.,  F.R.A  S..  who, 
since  September,  1845,  has  removed  to  Howick  House,  near  Preston  ;  from  Hochdale, 
from  J,  Ecroyd,  Esq.  ;  from  Blackstone  Kdge,  from  Mr.  R.  Matthews,  the  engineer  of 
the  Rochdale  Canat ;  and  the  rest  trom  observations  supplied  by  J,  Meado.vs,  Esq,  The 
whole  of  the  observations,  with  the  single  exception  of  Blackslone  Edge,  were  made  with 
r-in  gauges   fixed  very  near  the  ground, 

Mr.  Homersham  charges  against  the  corporation  water  that  it  is 
drained  from  peat  land,  and  is  charged  ivith  organic  matter,  which 
is  hurtful  to  health.  He  affirms  that  no  filtration  can  remedy  this, 
as  when  the  water  is  warm  the  peat  is  soluble  in  it. 

Our  author,  not  content  with  charging  his  opponents  on  every 
side,  asserts  that  his  own  company  is  free  from  all  defects,  that  the 
water  is  most  abundant,  is  collected  at  the  best  time,  and  is  little 
tainted  by  peat,  while  he  contends  that  it  is  likewise  the  cheapest 
supply  that  the  corporation  can  obtain.  In  his  zeal,  he  says  of  the 
freshets  impounded  by  the  Railway  Company — 

"This  system  of  collecting  water  is  very  favourable  to  lis.  purity,  as  whet) 
it  flows  olf  the  hill-sides  during  heavy  rains  (except  in  a  peaty  or  boggy 
district)  it  is  much  less  contaminated  than  water  (percolating  slowly  from 
the  soil,  and  reduced  iu  quantity  by  evaporation)  which  forms  the  streams 
in  dry  weather;  besides,  over  most  large  tracts  of  land,  consisting  of  thou- 
sands of  acres,  there  will  be  found  farm-houses  and  a  cons  derable  resident 
population,  and  all  the  excretion  and  filth  created  from  these  sources,  with 
the  soluble  parts  of  manures  placed  on  the  land,  must,  of  necessity,  dram 
into  the  streams,  and  tend  to  foul  them  in  comparatively  dry  weather,  al- 
though, in  heavy  rains  and  floods,  the  water  is  not  perceptibly  soiled  from 
these  impurities  " 

We  must  say  this  doctrine  is  new  to  us,  for  we  always  considered 
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that  tlie  freshets  should,  if  the  water  could  be  spared,  be  prevented 
friiin  I'titerins  tlie  reservoirs. 

Under  tlicir  act  of  iiarli.-iinent  the  corporation  are  to  take  all  the 
water  of  Lonfrdendrile  into  their  reservoirs,  and  supply  a  daily 
quantity  to  the  millowners.  This,  Mr.  Ilomershain  affirms,  will 
cauae  a  greater  expense  for  reservoirs,  and  will  yield  less  water  to 
the  corp(u-ation  ;  and  he  contrasts  it  w  ith  tlie  system  adopted  on  the 
Peak  Forest  Canal,  where  all  the  water  above  a  certain  gauge  goes 
into  the  canal  reservoirs. 

When  he  says  that  reservoirs  for  the  millowners  have  not  an- 
swered (p.  44.),  and  that  therefore  money  is  not  laid  (uit  liy  the 
millowners  in  that  way,  leaving  the  inference  that  the  corpcn-ation 
reservoirs  will  be  fouinl  exjiensive  and  useless,  we  think  he  strains 
his  case  too  much,  for  there  arc  many  difficulties  in  the  case  of 
millowners,  as  that  of  getting  all  the  millow  ners  and  landowners  on 
the  stream  to  join,  and  the  great  expense  of  getting  an  act  of  par- 
liament. 

We  must  notice  that  there  is  a  great  deal  of  valuable  matter  in- 
cidental to  the  discussion  of  the  several  schemes,  which  may  be 
usefully  read  by  the  engineer  feeling  an  interest  in  this  im])ortant 
branch  of  practice.  Thus,  Mr.  Ilomersham  dis<-usses  rain-gauges, 
the  fall  of  rain,  the  duration  of  fall,  evaporation,  absorption,  and 
nitration.  We  should  like  to  see  complete  records  of  the  move- 
ment of  some  considerable  streams.  Mr.  Ilomersham  says  below 
tJiat  he  has  made  such,  and  we  wish  he  had  published  them. 

"  The  quantity  of  water  flowing  down  streams  fed  from  rain  falling  on 
the  sides  of  hills  varies  with  every  |tHS>iiig  .shower;  no  one  or  two  observa- 
tions per  day  can  possibly  give  anythiny  tike  an  accurate  result ;  a  flood  will 
somelinies  last  but  a  few  liours,  and  yet  in  this  time  it  frequently  happens 
more  water  will  run  down  the  streams  than  at  other  times  will  flow  down 
in  as  many  weeks.  I  have  iiad  occasion  to  make  observations  on  streams 
every  hour  in  fine  weather,  and  every  half  hour  in  showery  weatlier  for 
weeks  together,  day  and  night,  and  iu  unsettled  states  of  the  weather 
almost  every  measurement  varied." 

Mr.  Ilomersham  gives  an  estimate  of  the  cost  of  the  corporation 
works,  which  at  five  per  cent,  makes  a  yearly  cost  of  20,835/.,  while 
he  asserts  that  the  same  quantity  of  water,  of  better  quality,  can 
he  had  of  the  Manchester,  Sheffield,  and  Lincoln  Railway  Company 
for  13,968/.  \5s.  yearly,  being  a  saving  of  nearly  25  per  cent.  All 
this,  however,  depends  on  what  the  real  cost  of  the  corporation 
works  may  be,  and  for  that  purpose  we  should  have  the  estimate 
of  their  engineer,  and  not  of  Mr.  Ilomersham.  Indeed,  the  whole 
gist  of  the  question  lies  upon  this,  which  must  likewise  be  the 
comment  on  his  concluding  statement. 

"  As  you  are  aware,  iu  the  spring  of  last  year  the  corporation  could 
have  made  arrangements  to  secure  for  the  use  of  the  inhabitants  of  Man- 
chester, eight  millions  of  gallons  of  filtered  water  per  day  (as  much  as  will 
be  required  for  the  domestic  use  of  the  borough  for  some  years  to  come), 
delivered  at  INIarple,  320  feet  above  the  high  part  of  the  town,  for  l^d.  per 
1,000  gallons  :  in  August  last  year  (after  having  spent  a  large  sum  of  money 
in  opposing  your  scheme),  the  corporation,  in  conjunction  with  the  Water- 
works Company,  purchased  of  you,  fur  three  years  certain,  two  hundred 
millions  of  g-allons  per  annum  of  the  same  water  tmfillered,  to  be  delivered 
ID  the  Gorton  reservoirs,  at  3d.  per  thousand  gallons  ;  or  at  double  the 
price  they  might,  by  adopting  a  wiser  course,  a  short  time  previously  have 
secured  the  same  viMer  jfiltered." 


EXPLOSIONS  OF  STEAM-BOILERS. 

TheCmisex  ntid  Efl'i'ctx  ofE.rpJnshms  in  Steam-Eiijiines  Inrestiynted ; 
and  their  result  frinn  on  explonire  jiriiiciple  different  from  tlie  force  of 
ejaxtic  steam  demnnstriited  ;  and  citnelusiee  eridenee  adduced  that  more 
titan  four-fifths  of  the  veiijht  and  strength  of  the  engine  are  required  to 
xustaiit  the  e.rpliisire  force  :  u-ith  an  easy  and  certain  means  of  prevent- 
ing its  destruetire  effects.,  and  reilncing  in  great  part  the  enormous 
weight  of  the  engine.     By  John  Wiminit,  New  York.    1847. 

The  elaborate  title  of  this  pamphlet  fully  explains  the  views  and 
objects  of  the  writer,  who  lives  in  the  land  of  steam-boiler  explo- 
sions, and  seems  to  have  had  much  experience  therein.  He  com- 
mences by  adducing  a  number  of  facts  which  are  valuable  in  their 
way,  but  his  inferences  from  them  seem  inccuiclusive,  ;ind  often 
very  fallacious.  After  mentioning  several  instances  of  the  ex- 
plosion of  cylindrical  boilers,  in  which  the  ends  were  blown  off  and 
projected  to  great  distances,  he  proceeds  to  make  calculations  of 
the  strength  of  the  relative  parts  of  such  boilers,  and  concludes, 
that  "  it  is  im])ossible  that  a  cylindrical  boiler  should  be  rent 
asunder  endwise  by  the  force  of  elastic  steam,  since  half  the  force 
requisite  thereto  would  hurst  it  ojien  laterally."  The  following  is 
a  specimen  of  the  calculations  on  which  he  found  this  assumption  : 

"  The  diameter  of  the  boiler  which  exploded  at  Balfiuore,  is  stated  iu  the 


Sun  at  20  inches;  the  circumference,  therefore,  C2'82  inches,  one-fourth 
whereof,  15-705,  multiplied  by  20,  tlje  diameter,  gives  3141  square  inches 
as  the  area  of  the  end  of  the  boiler  ;  but  the  whole  periphery  or  ring  resists 
the  pressure  on  the  ends,  and  ita  cohesive  strength  is  the  circumference, 
62'82  inches.  In  like  manner  the  rectangular  section  of  the  boiler,  niaiie 
by  a  plane  passing  through  a  portion  of  the  axis  nne-fcmrth  of  the  circum- 
ference in  length,  is  15*705,  nuiltiplied  by  20,  the  diameter,  is  equal  to 
314'1  square  inches,  the  area  ;  and  the  pressure  perpenilicular  thereto,  the 
effect  whereof  is  to  burst  open  the  boiler  laterally,  is  resisted  hy  the  cohesive 
strength  of  half  the  circumference,  31-41,  or  the  two  portions  of  the  ring  or 
periphery,  each  15'7fl.'>  inches  long  :  wherefore,  in  all  cylindrical  boilers,  the 
amount  of  metal  which  resists  the  pressure  on  the  ends  is  double  the  amount 
of  metal  which  resists  an  equal  lateral  pressure  ;  and  it  appears  impossible 
that  they  should  be  rent  asunder  endwise  by  the  force  of  elastic  steam, 
which  can  never  exceed  the  strength  of  the  boiler  in  which  it  is  generated. 
The  area  of  a  circle  is  greatest  in  respect  of  its  periphery,  of  any  figure  what- 
ever ;  much  less,  therefore,  can  a  boiler  not  cylindrical  be  rent  asunder  end- 
wise hy  the  force  of  steam.  But  numerous  cases  have  occurred  wherein 
boilers  have  been  rent  asunder  endwise,  which  could  only  be  effected  by  an 
almost  unlimited  explosive  power.  No  trace  of  such  power  is  found  in  the 
history  of  boilers  other  than  those  of  steam-engines  ;  nor  in  these  has  it  been 
indicated  by  the  safety-valve  or  steam-gauge,  although  they  show,  with  suffi- 
cient precision,  the  variations  in  the  strength  of  steam.  Against  the  force 
of  elastic  steam,  as  generated  in  a  huilcr,  a  properly  loaded  safety-valve  is  a 
complete  security,  hut  it  has  not  the  least  value  as  against  the  effects  of  ex- 
plosive action." 

The  "  explosive  principle,"  to  the  action  of  which  Mr.  Wilder 
attriliutes  most  of  the  accidents  in  steam-engines,  ap])ears  to  be 
electricity,  though  it  is  not  so  stated  distinctly.  This  force  is,  he 
conceives,  generated  principally  in  the  valve  chambers  in  the  fol- 
lowing manner. 

"  It  has  been  proved  (?)  that  explosions  in  steam-engines  are  the  conse- 
quence of  the  escape  of  elementary  caloiic  from  its  combination  with  water 
or  its  vapour,  and  result  directly  from  the  removal,  in  the  valve  chamber  of 
engines,  of  the  compressing  force  which  kept  up  the  combination  ;  for  when 
the  steam-valve  is  opened,  the  steam  which  passes  into  the  valve  chamber 
has  free  space  to  expand  and  the  caloric  to  escape,  but  that  escape  and  the 
further  opening  of  the  valve  must  diminish  in  a  degree  the  compressing 
force,  and  be  followed  hy  a  farther  escape  of  caloric  ;  but  its  amount  and 
consequent  action  must  depend  more  or  less  on  the  temperature  and  ex- 
pansive force  of  steam  within  the  boiler.  The  occasional  violence  of  its 
action  is  shown  by  the  prodigious  strength  of  the  beatus,  cranks,  &c.,  which 
are  soitietimes  broken.  It  is  apparant  from  all  considrrations,  that  if  the 
valve  chambers  be  disused,  and  the  steam  let  directly  through  the  ends  of 
the  cylinder,  the  smallest  clearance  of  the  piston  from  the  end,  which  does 
not  admit  its  touching,  will  be  the  only  vacant  space  for  expansion  and 
escape,  and  this  need  not  be  an  hundredth  part  of  the  space  in  the  valve 
chamber,  and  of  consequence  the  explosive  action  cannot  exceed  the  hun- 
dredth part  of  its  present  violence." 

Though  Mr.  AVilder  considers  he  has  "  proved"  his  position  as 
to  the  cause  of  explosions  in  steam-engines,  we  confess  that  his 
evidence  is  not  sufficient  to  satisfy  us;  ami  bis  opinions  are  fre- 
quently formed  on  erroneous  data.  He  adduces,  again  and  again, 
as  an  illustration  favourable  to  his  theory,  the  explosion  of  a  ^\in 
barrel  when  merely  corked  at  the  muzzle,  but  he  does  not  seem 
fully  to  comiireheiid  the  cause  of  its  exploding  under  such  circum- 
stances ;  which  the  explosive  force  of  gunpowder  is  sufficient  to 
account  for,  without  the  supposition  that  any  new  force  is  suddenly 
brought  into  action.  High-pressure  steam  is,  according  to  Mr. 
'Wiliier,  "  the  most  elastic,  yielding,  and  manageable  of  all  prime 
movers,"  and  only  requires  to  be  kept  close,  so  as  to  prevent  the 
escape  of  the  "elementary  caloric,"  to  become  as  inexplosive  as 
water  power.  We  might  hence  indeed  infer,  though  probably  Mr. 
^V'ilder  is  not  prepared  to  go  so  far,  that  high-pressure  steam  is 
dangerous  only  when  it  escapes,  and  that  what  are  usually  con- 
sidered safety-valves  ought  to  be  regarded  as  generators  of  explo- 
sive force. 


Carbonic- Jcid-Cas  Enyine. — Another  attempt  to  apply  carbonic  acid  gas 
as  a  motive  power,  has  been  brought  before  the  notice  of  the  Paris 
Academy  of  Sciences,  by  IM.  .lagu,  CI"-.,  who  proves  very  satisfactorily  the 
gieat  power  tliat  may  be  readily  ;;aincd  by  imparting  a  comparatively  low 
temperature  to  carbtmic  acid  gas  ;  but  ttie  ddlicult  problem  of  condensing 
the  gas,  to  render  it  again  available,  seems  not  to  have  been  solved.  M. 
Jagu  calculates  that,  by  suitable  apparatus  placed  at  each  station,  six 
atmospheres  of  carbonic  acid  gas  may  be  compressed  for  an  unlimited 
time,  fron)  whence  the  receiver  may  be  tilled.  To  make  tlie  gas  re-enter 
the  condensing  apparatus  with  the  absorption  of  as  little  po\\er  as  possi- 
ble, he  proposes  to  place  a  lever  on  each  side  of  the  engine,  put  in  motioo 
by  eccentrics  adapted  to  the  fiist  moving  wheels  ;  at  each  extremity  of  the 
lever  to  be  placed  a.  winch,  which  will  move  two  pistons  of  a  given 
diameter,  so  that  the  gas  may  pass  iu  and  out. 
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APPARATUS  FOR  SUPPLYING  BOILERS  WITH  WATER. 

Report  (by  Order  of  the  Amerk-an  Government  Jon  an  Ap])nratus  for 
Supplying  the  Boilers  of  Marine  St  earn- Engines  with  a  Continuous 
Supply  of  Fresh  Water.  Invented  by  Captain  John  Ericsson. — ■ 
[From  the  Franklin  Journal.'} 

In  acceptance  of  j'our  invitation  of  the  ITtli  ultimo,  we,  the 
undersifined,  had  the  lionour  to  meet  together  in  the  city  of  New 
York,  with  the  view  of  testinij  and  reporting  upon  an  apparatus 
invented  by  Captain  John  Ericsson,  for  the  purpose  of  supplying 
the  boilers  of  marine  steam-engines  ivith  a  continuous  supply  of 
fresh  water,  and  applied  l)y  him  under  your  direction  in  the  United 
States  Revenue  Steamer  heg<ir!\ 

We  have  now  respectfully  to  report,  that  on  the  23rd  ultimo  we 
embarked  in  the  Leijare  at  12  M.,  proceeded  to  sea,  and  remained 
on  board  till  the  following  morning.  During  this  time  the  boiler 
was  in  operation  15  hours,  and  we  had  am|de  opportunity  of  ex- 
amining the  means  employed  for  supplying  it  with  water  and  the 
results  produced. 

By  tlie  ordinary  method  of  condensing  steam  in  marine  naviga- 
tion, boilers  are  supplied  with  the  vHiter  of  condensation.,  composed 
of  the  steam  that  is  withdrawn  from  the  boiler  and  the  necessary 
quantity  of  salt  water  required  for  its  condensation.  Hence,  a 
boiler  in  operation  is  constantly  parting  with  steam  (fresh  water) 
and  receiving  salt  water  in  e.xchange.  The  effect  of  this  operation, 
uninfluenced  by  a  correction,  would  be,  that  in  a  few  hours  a  de- 
gree of  saturation  of  the  water  in  the  boiler  would  be  reached,  that 
would  precipitate  ujion  the  plates  of  the  furnaces  and  flues,  a  scale 
of  sufficient  thickness  to  arrest  the  passage  of  the  heat  to  the  sur- 
rounding water  and  cause  the  destruction  of  the  plates,  by  expos- 
ing them  to  a  temperature  destructive  of  their  tenacity.  The  cor- 
rection in  use  is  the  remo\al  of  tlie  water  as  it  approaches  satura- 
tion, and  is  effected  by  blowing,  or  pumping-nff. 

In  the  operation  of  either  of  these  metliods,  it  is  apparent  that 
there  is  a  loss  of  the  heat  that  has  been  imparted  to  the  ^vater 
blown  or  pumped  oft',  that  neglect  to  open  or  shut  the  blow-off 
cock,  or  in  tlie  admission  of  the  required  supply  of  water,  involves 
the  duration  of  the  boiler  and  may,  as  it  frequently  does,  involve 
the  lives  of  the  passengers  and  the  crew,  and  the  safety  of  the 
vessel.  Even  when  all  practicable  attention  is  given  to  blowing- 
off,  salt  scale  will  be  deposited  in  long  voyages,  particularly  in  the 
middle  latitudes,  and  accumulate  to  an  extent  that  renders  its  re- 
moval iniperati\ely  necessary.  This  is  at  all  times  a  difficult,  and 
even  under  the  most  favourable  circumstances,  an  imperfect  opera- 
tion, and  when  tliis  deposit  coats  the  surfaces  of  the  flues,  the  con- 
sumption of  fuel  is  increased  to  an  extent  unsuited  to  the  economy 
of  mercantile  enterprise  and  to  the  duration  of  operation  requisite 
for  naval  purposes. 

This  evil  may  be  avoided  by  furnishing  the  boilers  with  a  full 
supply  of  fresh  water,  and  as  the  weight  could  not  be  accommodated, 
nor  the  space  spared  in  a  vessel  for  an  instrument  and  its  fuel  for 
the  sole  purpose  of  distilling  the  quantity  required,  it  is  obvious 
that  the  steam  furnished  by  a  boiler  must  be  returned  to  it,  after 
being  condensed  by  the  radiation  of  its  heat  to  cold  surfaces,  and 
not  by  the  admixture  of  water.  This  method  was  proposed  by 
James  W^att,  so  early  as  the  year  17.76,  and  has  been  effected  to 
some  extent  by  an  instrument  invented  by  Mr.  Samuel  Hall,  of 
England,  and  applied  to  the  engines  of  many  steam-vessels,  in 
some  of  which,  notwithstanding  its  imperfections,  it  is  yet  used.  It 
has  failed,  however,  to  answer  the  full  purposes  desired  and  anti- 
cipated. 

In  the  arrangement  of  Mr.  Hall  a  great  number  of  thin  metal 
tubes,  from  one-half  to  three-fourths  of  an  inch  in  diameter,  were 
placed  vertically  in  a  condenser  and  exposed  to  a  current  of  cold 
water  from  the  sea  and  into  which  the  steam  from  the  cylinder  was 
admitted,  for  the  abstraction  of  its  heat  by  the  radiation  of  it  to  the 
water  without  the  tubes.  Now  it  is  evident,  that,  by  this  arrange- 
ment, the  condensed  steam  would  run  down  the  inner  surface  of 
the  tubes,  in  its  passage  presenting  a  non-conducting  lining  to 
them,  and  in  its  collection  at  their  bottom  an  obstacle  to  the  cur- 
rent of  the  steam  and  a  dimiimtion  of  the  effective  radiating  sur- 
face. 

With  this  method  of  condensation,  it  will  be  perceived  that  this 
instrument  provides  alone  for  returning  to  the  boiler,  the  water 
that  has  passed  through  the  engine  as  steam.  It  follows,  then, 
that  all  esca|)es  of  steam  from  the  boiler  or  engine,  or  water-leaks 
from  the  boiler,  pipes,  &c.,  must  be  replaced  by  distillation,  at  an 
expense  of  fuel,  directly  as  the  evaporation.  Further  continued 
use  of  this  instrument  exhibited  an  oleaginous  deposit  upon  the 
inner  surface  of  the  tubes  from  the  use  of  oil  and  tallow  iu  the 


steam  cylinder  and  on  the  valve  faces,  which,  acting  as  a  non-con- 
ductor, materially  obstructed  the  condensation  of  the  steam. 

The  apjyaratus  of  Captain  Ericsson  was  designed  to  obviate  the 
difficulties  and  deficiencies  developed  in  that  of  Mr.  Hall,  and  is 
composed  of  two  distinct  instruments,  a  Condenser  and  an  Evapo- 
rator ;  the  first  for  tlie  purpose  of  condensation,  and  the  latter  for 
a  supply  of  fresh  water  to  provide  for  any  losses  of  steam  or  water 
from  the  boiler  liy  escapes,  leaks,  gauge  vents,  &c. 

The  Condenser  is  a  cylindrical  vessel  set  at  a  slight  inclination 
from  a  horizontal  line,  containing  the  requisite  extent  of  radiating 
surface  in  metal  tubes  of  tm  inches  bore,  with  an  open  space  at 
each  end.  By  this  arrangement  there  is  free  space  for  the  current 
of  steam  to  pass  and  for  the  condensed  steam  to  run  down  the 
lower  side  of  the  tubes,  without  presenting  a  lining  of  water  to  in- 
tercept radiation  or  an  obstruction  to  the  course  of  the  steam. 
Connected  with  this  is  a  pump,  by  which  water  from  the  sea  is 
drawn  in  and  forced  through  the  spaces  between  the  tubes  and  the 
inner  surface  of  the  shell  of  the  condenser.  Thus,  the  latent  heat 
of  the  steam  is  absorbed  by  contact  with  the  tubes,  and  condensa- 
tion is  effected  for  the  double  purpose  of  affording  a  vacuum  for  the 
engine  and  of  restoring  fresh  water  to  the  boiler,  for  continuous 
evaporation  and  condensation,  to  meet  the  requirements  of  the 
engine. 

The  Ex'aporator,  as  constructed,  is  a  parallelopipedon  with  a 
semi-cylindrical  top  and  bottom,  the  lower  portion  of  which  is  oc- 
cupied by  a  numl)er  of  tubes  similar  to  those  in  the  condenser, 
which  communicate  with  a  valve  at  each  end  of  the  steam  cylinder, 
worked  by  the  engine  :  around  these  tubes,  and  for  some  distance 
above  them,  water  from  the  sea  is  admitted  for  the  purpose  of 
being  evaporated,  and  the  space  above  this  water  is  open  to  the 
condenser  and  consequently  in  vacuo.  This  instrument  being  de- 
signed to  furnish  fresh  water  to  replace  that  which  way  be  lost,  its 
operation  is  resorted  to  only  as  occasion  may  require,  and  is  effected 
in  the  following  manner :  when  the  piston  is  near  tlie  termination 
of  its  stroke  the  valve  referred  to  o])ens  (above  or  below,  as 
the  case  may  be),  and  closes  when  the  piston  begins  its  return 
stroke ;  by  this  arrangement,  steam  is  withdrawn  from  the  engine 
that  has  very  nearly  performed  its  full  expansive  effect,  and  pass- 
ing into  the  tubes  of  the  evaporator  its  heat  is  absorbed  by  the 
water  surrounding  them,  and  as  this  water  is  in  vacuo  it  readilv 
boils  at  a  low  temperature,  and  its  vapour  being  led  to  the  tubes 
in  the  condenser,  it  is  condensed  with  the  steam  from  the  cylinder 
and  is  sujiplied  to  the  boiler. 

Upon  the  exjierimental  trial  to  which  you  were  pleased  to  re- 
quest our  attention,  all  practicable  arrangements  for  correct  ob- 
servations were  entered  into  ;  and  with  a  view  to  acquire  full  and 
progressive  notes  of  the  operations  of  the  apparatus,  the  observa- 
tions of  the  various  points  were  confided  to  special  committees, 
which  upon  the  conclusion  of  the  trial,  reported  full  notes  for  fur- 
nishing tlie  following,  viz. : 

The  boiler  was  filled  with  fresh  water  from  above  the  opening 
of  the  blow-off  cock  ;  below  this,  salt  water  had  been  left,  from  an 
impression  of  its  effect  being  too  inconsiderable  to  authorise  its 
removal. 

At  the  commencement  of  tlie  operation  of  the  engine,  the  water  in  the 
holier  as  indicated  by  a  sahne  hydrometer,  when  at  a  temperature  of  150" 
Fahrenheit,  was  •^.* 

The  highest  temperature  of  the  feed  ivaler  observed  was  158°  Fahrenheit. 

The  lowest  132°,  and  the  average  150°. 

The  higliest  vacuum  observed  was  from  16  to  18  inches. 

Tlie  lowest  from  11  to  15,  and  the  average  was  from  12  to  15  inches. 

The  highest  steam  pressure  was  54  lb.  mercurial  gauge. 

The  lowest  was  20  lb.,  and  the  average  was  48'6  lb. 

The  highest  number  of  revolutions  was  47  per  minute. 

The  lowest  number  was  30,  and  the  average  42'3 

The  piiint  of  cutting  off  was  at  three-eighths  of  the  stroke. 

The  temperature  of  the  sea  water  was  57. 

Duration  of  operation  of  the  engine  and  boiler  14  hours  and  20  minutes. 

Time  during  which  steam  was  raised,  20  hours. 

Dimensions  of  Engine,  &c. 

Cylinder. — 36  inches  in  diameter,  with  a  stroke  of  piston  of  32  inches. 

Boiler. — 1,400  square  feet  of  heating  surface. 

Condenser. — 637  square  feet  of  radiating  surface. 

Evaporator. — 100  square  feet  of  heating  surface. 

Upon  coming-to,  the  freshness  of  the  water  was  again  tested, 
and  when  at  a  temperature  of  150°  by  a  different  thermometer  than 
that  used  at  the  first  operation  (it  having  been  broken  in  the  in- 
terim), the  hydrometer  indicated  -fj ;  whether  this  difference  in 
the  indications  is  to  be  attributed  to  a  change  in  the  density  of  the 
water  or  to  a  difference  in  the  thermometers,  they  being  of  different 

*  12-32  being  tba  point  of  saturation  of  water  when  at  s  temperature  of  200°, 
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uianiifartures,  we  are  unalile  to  decide;  fortunately  tlie  difference 
is  quite  inconsideralile,  and  is  not  regarded  as  deserving  of  further 
consideration. 

So  soon  as  the  tenijierature  of  the  Condenser  was  reduced  to  a 
degree  that  rendered  an  examination  of  it  practical>le,  one  of  its 
Leads  was  removed  in  our  presence,  and  tlie  tuhes,  w  lien  examined, 
were  entirely  free  from  any  deposit  or  incrustation  ujion  their  sur- 
faces, and  the  opinion  is  entertained,  that  at  a  temperature  of  feed 
water  commensurate  with  economy  of  fuel,  any  difficulty  from  the 
deposit  of  oleaginous  matter  in  this  instrument  is  not  to  be  appre- 
hended. 

Regarding  the  particular  performances  of  the  Condenser  and 
Evaporator,  it  appeared  that  Capt.  Ericsson  had  relied  too  con- 
fidently on  a  general  current  of  the  cold  water  through  the  former 
instrument,  whereas  the  current  was  quite  partial,  being  but 
directly  through  its  narrowest  part,  the  sides  of  it :  hence,  the 
upper  portion  of  it  was  almost  inoperative — this  feature  was  clearly 
developed  by  the  application  of  a  hand  along  the  surface — while 
the  effect  of  it  was  apparent  in  the  moderate  condensation  indi- 
cated by  an  attached  mercurial  gauge. 

Of  the  Evaporator,  its  capacity  was  clearly  shown,  in  the  facility 
with  wliidi  the  level  of  the  water  in  the  boiler  could  he  raised 
through  the  space  between  two  gauge-cocks,  and  by  a  resort  to  its 
operation  not  being  necessary  for  more  than  one-tenth  of  the 
time. 

Immediately  after  the  close  of  this  trial,  measures  were  taken  to 
effect  a  diffused  operation  of  the  cold  water,  and  as  diaphragms 
could  not  be  introtluced  between  the  tubes  to  alter  the  current  of 
the  water,  without  incurring  an  impracticable  delay,  the  expedient 
of  causing  the  steam  to  circulate  through  the  tubes  was  resorted 
to,  and  was  effected  by  the  application  of  diaphragms  in  the  open 
space  at  each  end  of  the  tubes.  Upon  the  completion  of  this,  a 
further  trial  was  had  on  Friday,  the  1st  inst.,  when  several  obser- 
vations furnished  the  following  : — 

Pressure  of  steam,  50  pounds  mercurial  gauge. 

Revolutions,  4  7  per  minute. 

VacuuEH,  20*5  inches. 

Temperature  of  feed  water,  150°  Fahrenheit. 
Temperature  of  sea  water,     62°         „ 

Compared  with  the  ordinary  method  of  condensation,  the  value 
of  the  method  observed  is  determined  by  an  investigation  and  con- 
sideration of  the  following  points,  viz.  :  Evaporation,  Pressures, 
Consumption  of  Fuel,  Safety  and  Duration  of  the  Boiler. 
1. — Evaporation.      Ordinary  Method. 
Temperature  of  Feed  Water,  100°  Fahrenheit. 
Tf'niperature  of  sensible  and  latent  heats  of  steam,      1192° 
•Deduct  temperature  of  feed  water,  100° 


Heat  to  be  added,  ..  ..  1092° 

New  Method. 
Temperature  of  Feed  Water,  150°  Fatirenhfit , 
Temperature  of  sensible  and  latent  lieats   ..  1192° 

Deduct  temperature  uf  feed  water  ..  150° 


10-12° 


Heat  to  he  added 

1012      -954 

Then     — = which  represents  a  earn  in  tUe  evaporating  temperature 

1092      1-00  r  t>        1 

in  the  new  method  rif  4 "56  per  cent. 

2. —  I'bessurBs.      Ordinary  Method. 

Pressure  of  steam — mercurial  gauge  . .  50     th. 

Vacuum,  28  inches  ..  ..  =1,3  7  lb. 


Cut  off  at  threeeiphths  of  the  strolie. 
Effective  prt,*,-.!,ure  on  the  piston 

New  Method. 
Pressure  of  steam 
Vacuum,  205  inches 


C3-7  lb. 

=  47  tt). 


50  Ik. 
=  1  0  lb. 


00  tb. 


Effective  pressure  on  the  piston  ..  445  lb. 

■17        1-05     ,  .  ,  ,        . 

Then = which  represents  a  Iiiss  in  pressure  bv  the  new  mslhod 

44'5       rOO 

of  5  per  cent. 

3. — Consumption  of  Fuei,.     Ordinary  Method. 
Ill  the  Gulf  of  .Mexico  and  between   the  Tropif;s,  it  is  nP'essary  to  blc«v- 
off.   when  a  hydrometer   constructed   similar  to  tbe  one  alreaily  referreil  to 
indicates  -jS,;  in  the  Northern  and  Sonthern /tlantic  and  Pacific  oceans,  when 
'  ^  2-  +  2  5 


it  indicates  -"    .     Hence  • 


=  2  25  the  average  point  for  blowingoff. 


.75 
As  the  average  degree  of  saturation  of  feed  water  is   ■^., ;  the  quantity  of 

water  blown  off  compared  to  that  fed  to  a  boiler  is  as  '75  to  2-25,  which  is 
in  the  proportion  of  1  to  3. 

Temperature  of  tlie  water  ilown  off  at  the  pressure  ami  degree  of  satura- 
tion given  . .  . .  . .  . .  29u° 

Deduct  temper.iture  of  ferd  water  ..  100" 

Temperature  lost  by  hlowingnff  ..  190° 

As  tbe  heat  to  he  added  for  tbe  purpose  of  evaporation  is  1092^  — 
1092  X  3  —  1,  the  proportion  of  f^erl  water  evaporated,  =2184° 

And  190  X  3  — 2  tbe  propoitiun  of  feed  water  blown  off         190" 

The  heat  absorbed,  is  ..  2^74° 

_,        190       -08 

Then  —  ,-^  which  represents  the  loss   of  heat  bv  blowing  off  in  tbe 

2o/4      1*00 

ordinary  method  of  8  per  cent. 

Summary  or  Results. 
Gain  by  Evaporation  . .  . .  . .  4  56  per  cent. 

Ditto  by  Consumption  of  fuel  . .  . .  8'6o     „ 


Loss  by  Pressure 


12-56 
5  00 


Total        ..  ..  7-5fi 

Which  is  a  saving  in  the  expenditure  of  heat,  affording  a  like 
economy  in  the  consumption  of  fuel  and  altogether  independent  of 
the  loss  of  heat,  by  the  presence  of  scale  in  a  boiler,  when  salt 
water  is  used,  and  from  leaks  incurred  by  the  oxidizing  effects  of 
salt  water. 

With  the  Ordinary  Method,  the  level  of  the  water  in  a  boiler  is 
constantly  varying  from  one  or  both  of  the  following  causes,  viz.  : 
the  quantity  of  the  water  blown  off,  or  the  particular  extent  of 
opening  of  the  feed-valve  ;  while  the  effective  operation  of  the 
feed-pump  and  neglect  of  the  blow-off  valve,  involves  the  burning, 
or  an  explosion  of  the  boiler. 

\V^itIi  the  New  JSIethnd,  these  operations  are  set  aside :  thus, 
blowing  off  is  unnecessary,  and  the  supply  to  the  boiler  being  first 
obtained  from  it,  the  transit  being  immediate  and  the  communica- 
tion incapable  of  restriction  (for  if  the  condensed  water  was  not 
taken  off  by  the  feed  pump,  the  condenser  would  choke  and  become 
inoperative),  there  can  be  no  decrease  in  the  level  of  tbe  water, 
other  than  that  arising  from  leaks  of  water  and  steam.  Further^ 
the  use  of  fresh  water  in  a  boiler  vn  ill  extend  the  term  of  its  dura- 
tion from  three  and  five  years  to  seven  and  nine. 

With  a  further  modification  of  the  condenser,  establishing  a 
more  diffused  current  of  the  cold  water,  it  is  evident  that  a  full 
vacuum  may  he  obtained,  as  the  practicability  of  attaining  this  end 
by  external  condensation  has  long  since  been  developed,  and  with 
a  less  proportion  of  radiating  surface  than  is  exposed  in  the  instru- 
ment referred  to.  P'rom  the  analysis  however  here  given  regarding 
pressures  and  temperatures,  it  would  appear  that  a  full  vacuum, 
with  corresponding  reduction  of  the  temperature  of  the  feed  water 
is  not  authorised  ;  and  as  such  departure  from  the  hitherto  prac- 
tice, furnishes  the  temperature  necessary  to  prevent  any  oleaginous 
deposit  upon  the  surface  of  the  tubes  of  the  condenser,  practice 
and  utility  are  in  desired  harmony. 

A  very  effective  and  economical  element  in  steam  navigation 
arises  with  the  operation  of  this  new  method,  from  the  absence  of 
scale  in  the  boiler,  the  presence  of  which  is  unavoidable  where  salt 
water  is  used,  and  to  avoid  the  formation  of  it  as  far  as  practicable, 
other  than  a  low  temperature  and  corresponding  pressure  are  pre- 
cluded by  the  waste  of  fuel  and  injury  to  the  boiler  consequent 
upon  the  existence  of  this  scale,  acting  as  a  new  conductor  of  tlie 
heat  to  the  water — whereas,  with  the  use  of  fresh  water,  higher 
pressures  can  be  worked  and  economy  of  fuel  attained  in  an  in- 
creased expansion  of  the  steam. 

Reviewing  the  facts  herein  presented,  we  are  of  the  opinion  that 
the  operation  of  the  apparatus  of  t'aptain  Ericsson,  as  far  as  de- 
veloped, was  eminently  successful,  and  that,  with  the  modification 
of  the  condenser  suggested,  a  higher  degree  of  vacuum  can  bo 
readily  obtained.  In  view  of  the  very  great  importance  of  the 
successful  introduction  of  this  metliod  of  condensation  in  the  mer- 
chant and  naval  services,  we  recommend  to  your  consideration  the 
propriety  of  sending  the  Legnr,'  on  a  distant  cruise,  for  the  pur- 
pose of  developing  the  advantages  of  the  apparatus  by  continued 
and  extended  use. 

Charles  H.  Haswei.l, 

Eiigiuter-in-Chiet\  U.  S.  N. 

New  rwk,Oct.  31,  IStT.  "     &c.  &c.  &c. 
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Decomposing  power  of  water. 

On  the  Decomposing  Pou-erof  Water  at  High  Tnnijeratiires.  By 
HicHABii  TiLGHMAN.  (Read  before  the  American  Philosopliical 
Society,  Philadelphia.     IFi-om  the  Fraiihlin  Journal.'] 

It  has  long  been  noticed,  that  partial  decomposition  is  often 
pRected  in  attempting  to  render  anhydrous,  by  heat,  certain  salts 
which  require  a  comparatively  hijjh  temperature  for  the  expulsion 
of  their  watery  crystallization.  This  effect  is  not  limited  to  those 
salts  which  are  capable  of  decomposition  by  the  action  of  heat 
alone,  but  extends  to  many  which,  when  previously  rendered  an- 
hydrous, are  entirely  unaffected  by  this  agent.  The  chloride  of 
magnesium  offers  a  striking  instance  of  such  an  action,  being 
almost  entirely  reduced  to  magnesia,  with  escape  of  hydrochbn-ic 
acid,  when  its  solution  is  evaporated  by  a  strong  heat ;  the  anhy- 
drous chloride,  when  obtained  by  other  processes,  is,  on  the  con- 
trary, unaffected  by  the  highest  heat. 

Even  chloride  of  calcium,  a  salt  of  much  stronger  radical  base, 
has  been  observed  to  give  off  a  portion  of  acid,  when  all  its  water 
•of  crystallization  is  driven  off  by  a  red  heat.  In  these  and  many 
other  instances,  it  seems  evident  that  the  escaping  water  of  the 
salt  is  the  actual  decomposing  agent,  and  that  the  intensity  of  its 
action  depends  solely  upon  the  degree  of  heat  whicli  the  salt  can 
sustain  before  giving  it  off. 

Contact  of  tlie  salt  and  water,  at  high  temperatures,  appears  to 
be  the  only  requisite  of  decomposition.  It  was  therefoie  thought 
probable,  that  by  exposing  the  salt,  even  in  its  aniiydrous  state,  t« 
a  high  heat,  and  passing  over  it  a  current  of  aqueous  vaj)0ur, 
raised  to  a  similar  temperature,  not  only  might  the  above-men- 
tioned salts  be  completely  decomposed,  but  also  that  many  others 
which  have  hitherto  given  no  such  signs  of  partial  decomposition, 
might  be  acted  upon  in  a  similar  manner. 

On  making  the  experiment,  it  was  found,  that  not  only  the  an- 
hydrous chloride  of  calcium,  but  also  the  chlorides  of  strontium 
and  barium  could  be  rapidly  decomposed  by  exposing  them,  at  a 
high  red  heat,  to  a  current  of  steam  ;  hydrochloric  acid  was  copi- 
ously evolved,  and  escaped  along  with  the  excess  of  ste.'im,  while 
the  bases  of  the  respective  salts  wci-e  left  in  a  free  state ;  the  lime 
remaining  anhydrous  frt.m  the  intensity  of  the  beat  employed, 
while  the  baryta  and  strontia  combined  with  a  portiun  of  aqueous 
Tapour,  and  were  found  in  a  state  of  hydrates. 

In  these  haloid  salts,  it  is  to  be  observed,  that  the  addition  of 
the  elements  of  water  is  absolutely  essential  to  the  decomposition  ; 
as  neither  the  hydrogen  which  is  contained  in  the  acid,  nor  the 
oxygen  in  the  base,  existed  in  the  anhydrous  salt.  The  action  is, 
therefore,  the  result  of  a  double  decomposition  between  the  steam 
and  the  chloride,  as  well  as  of  the  affinity  of  the  liberated  acid  and 
bai-e  for  water. 

The  oxysalts,  and  the  sulphates  of  magnesia,  lime,  strontia,  and 
baryta,  unlike  the  haloid  salts  just  mentioned,  contain,  even  in  the 
anhydrous  state,  all  the  elements  generally  considered  necessary 
for  the  separate  existence  of  the  acid  and  "oases  of  which  they  are 
composed.  The  application  of  the  strongest  heats  to  these  salts, 
causes,  however,  no  liberation  of  their  acid ;  but,  as  with  the  chlo- 
rides, this  effect  is  immediately  produced  by  the  passage  of  a  cur- 
rent of  steam  over  them  at  a  high  temperature,  the  baryta  and 
strontia  being  left  in  the  state  of  hydrates,  aiwl  the  other  bases  an- 
hydrous. 

The  intensity  of  the  affinity  between  the  acid  and  base  of  the 
respective  salts,  is  curiously  illustrated  by  the  gradual  increase  of 
the  heat  necessary  for  their  decomposition  by  the  aqueous  vapour. 
Thus  the  sulphate  of  magnesia  gives  off  its  acid  to  the  current 
of  steam  at  a  low  red  heat,  and  consequently  a  large  portion  of  the 
acid  may  be  condensed  in  an  undecomposed  state  The  sul|)hate 
of  lime  requires  a  high  red  heat  for  its  decomposition,  and  on  this 
account  the  greater  part  of  its  acid  is  resolved  into  snljihureous 
acid  and  oxygen  gas.  The  decomposition  of  the  sulphates  of 
strontia  and  baryta,  requires  progi'essively  higher  heats,  which,  in 
the  case  of  the  last  salt,  must  be  raised  even  to  low  whiteness. 

The  subphosphate  of  lime,  as  it  contains  an  acid  much  less  vola- 
tile than  sulphuric,  combined  with  an  excess  of  a  powerful  base, 
which  adds  to  its  stability,  was  selected  as  one  of  the  most  difficult 
tests  of  this  decomposing  power  of  aqueous  vapour:  by  a  full 
white  heat,  however,  its  phosphoric  acid  was  slowly  disengaged. 
This  phosphoric  acid  gave  a  white  precipitate  with  nitrate  of 
silver,  showing  that  its  liberation  and  subsequent  condensation  in 
contact  with  a  great  excess  of  aqueous  vapour,  liad  not  prevented 
that  c^iange  which  heat  is  known  to  produce  upon  this  acid. 

It  might  he  expected  from  the  decomposition  of  the  salts  of 
baryta,  that' tlie  sulphates  and  muriates  of  potash  and  soda  would 


undergo  the  same  change  with  even  greater  facility.  But  it  wa? 
found  by  experiment,  tliat  although  the  decomposition  of  these 
last  salts  commenced  with  facility,  w lien  they  were  exposed  to 
steam  at  a  red  heat,  yet  the  proportion  of  alkali  thus  liberated, 
never  exceeded  a  very  small  per  centage  of  the  residual  salt,  how- 
ever long  the  operation  might  be  contained.  Attributing  this  pe- 
culiarity to  the  volatile  nature  of  the  liberated  hydrates  of  potash 
and  soda  at  high  temperatures,  siibstances  capable  of  forming  non- 
volatile combinations  with  the  alkalies  were  mixed  with  their  salts, 
previously  to  subjecting  them  to  the  action  of  the  ste;un  ;  the 
acids  were  then  found  to  be  completely  disengaged  w ith  facility. 
The  fact  that  both  lime  and  magnesia,  substances  capable  of  form- 
ing chemical  combinations  of  but  the  most  feeble  character  witli 
potash  and  soda,  were  found  to  produce  the  above  effect,  was  con- 
sidered as  confirming,  in  a  great  measure,  the  hypothesis  that  tlie 
volatility  of  their  hydrates  was  the  cause  of  the  apparent  dfficuUy 
of  completely  decomposing  the  salts  of  these  alkalies. 

The  subphosphates  and  subsilicates  of  lime,  baryta,  and  strontia, 
act  in  the  same  manner  as  lime  and  magnesia,  and  in  all  these 
cases  the  chemical  combination  is  so  feeble  that,  when  cold,  tlie 
alkali  is  disengaged  by  the  solvent  powers  of  water  alone. 

Alumina,  which  possesses  so  much  of  the  acid  character  with  re- 
spect to  the  strong  bases,  is  proportionably  more  efficient  than  any 
of  the  preceding  substances  in  aiding  the  decomposition  of  the 
alkaline  salts :  it  remains  in  combination  with  the  alkali,  when 
cold,  as  a  soluble  ali;minate;  but  is  eai^ily  precipitated  from  its 
solution  by  a  current  of  carbonic  acid  gas. 

The  calcination  of  potash  alum  leaves  a  mixture  of  alumina 
and  sulphate  of  potash,  which  Berthier  has  long  since  stated  to 
be  converted  into  aluminate  of  potash  by  the  continued  action  of 
heat  alone,  the  suljihuric  acid  being  expelled  fr(  m  the  potash  by 
the  superior  affinity  of  the  alumina  at  a  high  temperature.  By 
several  careful  repetitions  of  his  experiment,  in  which  the  acci- 
dental presence  of  aqueous  vapours  was  entirely  prevented,  no  de- 
com])osition  of  this  kind  could  be  effected,  even  at  a  white  heat.  But 
by  the  contact  of  aqueous  vapour,  produced  by  the  combustion  of 
the  fuel  or  otherwise,  even  in  i-mall  (luantity,  and  at  much  lower 
temperatures,  the  decomposition  is  rapidly  produced.  It  therefore 
seems  probable  that  the  accidental  contact  of  aqueous  vapour  was 
the  actual  but  unnoticed  cause  of  the  decomposition  in  Berthier'i! 
experiment. 

The  poweiful  action  of  aqueous  vapour  upon  anhydrous  alum  at 
a  high  temperature,  suggested  the  possibility  that  a  similar  action 
might  take  place  upon  its  mineral  rejiresentative,  the  double  sili- 
cate of  alumina  and  potash,  or  common  felspar.  It  will  be  re- 
membered that  this  salt,  by  the  simple  substitution  of  sulphuric 
for  the  silicic  acid  which  it  contains,  would  be  converted  into  an- 
hydrous alum.  To  the  action  of  heat  alone,  felspar  presents  this 
difference  from  alum,  that  the  silicate  of  alumina  is  as  unaffected 
by  it  as  the  silicate  of  potash  itself;  so  that  to  produce  an  effect 
upon  felspar  analogous  to  that  upon  alum,  the  silicic  acid  of  both 
the  silicate  of  alumina  and  of  the  silicate  of  potash  would  have  to 
be  removed.  Silicic  acid,  in  a  free  state,  having  been  long  knowu 
to  be  slightly  volatile  in  aqueous  vapour  at  high  temperatures,  it 
was  thought  that,  in  the  present  case,  it  might,  like  the  other  acids, 
he  disengaged  even  from  a  state  of  chemical  combination,  by  the 
same  agents.  Steam  was  therefore  passed  slowly,  for  some  time, 
over  small  fragments  of  highly-heated  felspar.  Beyond  partial 
fusion,  no  other  visible  change  than  a  considerable  degi-ee  of  vesi- 
cularity  in  the  parts  most  exposed  was  produced.  These  frag- 
ments, heing  finely  pulverised  and  lioiled  in  water,  the  concentrated 
solution  vras  strongly  alkaline,  and  proved,  by  the  usual  tests,  to 
consist  of  aluminate  of  potash. 

After  water  ceases  to  extract  aluminate  of  potash  from  the 
powdered  mineral,  dilute  sulphuric  acid  will  produce  from  the 
residue  a  small  portion  of  alum.  The  actual  analogy  between 
alum  and  felspar,  substances  so  distinct  in  their  origin  and  general 
properties,  yet  differing  only  in  the  nature  of  their  respective 
acids,  is  reiidered  still  more  striking  by  both  thus  yielding  the 
same  product,  when  deprived  of  their  acids  by  the  same  agent.  It 
is  worthy  of  remark,  tiiat,  altliough  the  actual  contact  of  the 
steam  in  this  experiment  is  confined  to  the  mere  surface  of  the 
small  fragments  of  felspar,  yet  the  chemical  decomposition  pro- 
duced by  it  is  not  confined  to  that  surface,  but  spreads 'by  a 
"  cementation  action,"  through  their  entire  mass  :  piJverization  is, 
therefore,  required  to  obtain  evidence  of  the  internal  change  which 
has  been  produced. 

All  the  experiments,  so  far  made,  would  indicate  that  the  follow- 
ing was  the  general  rule  applicable  to  all  salts^apable  of  sustaining 
heat  alone  w  ithout  decomposition  : — 

Whenever  a  salt,  from  it.;  o\\  n  elements  alone,  or  by  the  adii- 
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timi  of  those  of  water,  ran  produce  a  volatile  acid  and  a  fixed 
base,  the  evolution  of  this  acid  and  the  liberation  of  tliis  liase 
will  be  determined  by  passing  a  e urrent  of  aqueous  vajxiur  over 
the  salt  raised  to  a'  lii:;li  temperature.  W'lien  either  tlje  acid  or 
base  to  be  liberated  forms  a  ciimliination  with  water  wlii<^li  can  re- 
sist decomposition  l)y  the  heat  emjiloyed,  the  tendency  to  form  such 
hydrates  adds  mucji  to  tlie  decomposing  power  of  the  aqueous 
vapour.  Altliougli  potasli  and  soda  are  not  by  themselves  fixed 
l)ases  at  liiirh  temperatures,  yet  by  tlie  use  of  the  substances 
before  mentioned,  tliey  can  form  combinations  which  are  fixed, 
aiid  by  this  means  their  salts  come  under  the  above  rule. 

The  actual  number  of  salts  which  have  as  yet  been  subjected  to 
this  mode  of  decomposition,  is  not  very  large  ;  yet,  from  their  per- 
fect analogy  of  composition  with  many  others,  there  can  be  but 
little  doutit  of  the  general  extension  of  the  principle. 

The  clilorides  of  potassium,  sodium,  barium,  strontium,  and 
calcium,  being  all  thus  decomposed,  tlie  bromides,  iodides,  and 
fluorides  of  the  same  and  all  weaker  bases,  must  probably  act  in 
the  same  manner.  The  fluoride  of  calcium,  has,  in  fact,  been 
found  to  do  so,  by  experiment,  hydnilluoric  acid  lieing  freely 
evolved.  In  the  same  manner,  from  the  decomposition  of  the 
sulphates,  may  be  inferred  that  of  the  seleniates;  from  the  sili- 
cates, tliat  of  tlie  borates. 

The  apidicability  of  this  simple  mode  of  decomposition  to  the 
explanati«Mi  of  a  great  variety  of  geological  changes,  is  too  evi- 
dent to  escape  the  attention  of  those  conversant  with  that  science. 
In  a  future  paper  I  hope  to  be  able  to  give  a  more  complete  ac- 
count of  some  interesting  facts  which  have  been  observed  in  con- 
nection witli  this  subject,  and  to  verif)',  by  experiment,  many  points 
which  must  at  present  be  left  to  inference  and  conjecture.  In 
fact,  although  the  existence  of  this  law  of  decomposition  was  as- 
certained in  lS+2,  yet  it  has  only  been  within  a  few  months  that  I 
have  been  able  to  give  much  attention  to  its  investigation,  which 
must  be  my  excuse  for  the  imperfect  and  hurried  manner  in  which 
it  is  now  communicated. 


PROCEEDINGS   OF  SCIENTIFIC  SOCIETIES. 

INSTITUTION  OF  MECHANICAL  ENGINEERS. 

April  26. — At  the  quarterly  meeting  which  took  place  in  the  theatre  of 
the  Philosophical  Institution,  Birmingham,  George  Stephenson,  Esq., 
President, in  the  Chair,  the  following  papers  were  read: — 

CYLINDER-BORING  MACHINE. 

"  On  the  FiUtin^-vp  of  Ci/liiiders  for  Locotnolive  Engines,  and  a  descrip- 
tion of  a  Machine  for  Boriny  them."     By  Mr.  C.  Beyer. 

In  the  absence  of  Mr.  Beyer,  Mr.  Fothergill  described  the  machine  in- 
troduced at  the  last  meeting,  but  the  consideration  of  which  was  not  then 
entered  upon.  [See  JoHnis/.  p.  88.]  Its  object  is  to  attain  a  uniformity  in  the 
make,  bore,  and  general  size  of  cylinders,  so  that,  in  the  event  of  an  acci- 
dent, they  may  be  replaced  by  spare  ones.  To  accomplish  tins  difhcult  t^sk, 
the  machine  now  de^^cribed  was  invented.  The  description  of  this  ma- 
chine, which  would  require  diagrams  to  make  it  intelligible,  is  briefly 
this: — The  bed  upon  which  it  is  placed  is  that  of  a  common  slide-lathe, 
sufficiently  long  to  carry  a  double  set  of  driving-gear,  and  admitting  of  the 
sufficient  traverse  of  the  boring-carriage.  The  boring-bar  is  supported  by 
three  bearings,  the  former  of  which  is  stationary,  and  firmly  fixed  to  the 
bed,  to  resist  the  end  pressure  of  the  cut  when  boring  :  the  latter  are  fixed 
Upon  the  carriage,  and  travel  with  it  aloni;  the  boring-bar.  To  cause  the 
boring-carriage  to  move  edgeways,  a  train  of  wheels  ilescend  at  the  back  of 
the  machine  to  give  motion  to  the  shaft,  and  are  transfixed  by  means  of  a 
feathered  worm,  to  tlie  worm-wheel  and  pinion,  both  of  which  move  loose 
upon  a  fast  stud  of  the  carriage ;  this  same  stuil  serving  as  h  fulcrum  for  a 
lever,  carrying,  upon  two  opposite  projections,  the  intermediate  pinions. 
To  hold  the  cylinders  while  boring,  the  top  of  the  carriage  is  formed  into  a 
kind  of  square  panel,  by  means  of  two  plates,  planed  on  the  Inside,  and 
fastened  to  the  sides  of  the  bearings,  and  two  cross-stretches.  These 
latter  are  also  planed  upon  their  inner  faces,  and  are  secured  to  the  sides 
and  top  of  the  boring-carriage,  and  have  holes  bored  in  them  when  se- 
cured in  their  places,  by  means  of  the  bend  on  the  bar,  corresponding  in 
diameter  to  the  turned  projecting  ends  of  the  cylinder  to  be  bored.  This 
arrangement  is  for  the  purpose  of  securing  uniformity  between  the  exter- 
nal and  internal  surface,  so  that  the  cylinder  be  fairly  perforated,  without 
the  dangerous  fault  of  thick  and  thin  sides. 

Mr.  Fothergill  proceeded  to  explain  the  diagrams  which  accompanied 
the  paper,  and  remarked  that,  without  offering  any  criticism  on  the  machine, 
which  appeared  to  him  to  bo  admirable  for  its  purpose,  he  would  merely 
direct  the  attention  of  the  members  to  the  great  advantages  which  such 
an  invention  must  confer  on  those  by  whom  these  cylinders  were  used. 
Say,  that  one  of  those  iu  use  split — by  this  machine  they  had  the  defect 
supplied  immediately. 


Mr.  M'CoNNELLalso  Lore  testimony  to  the  advantages  of  a  uniformity  of 
cylinder.  An  accident  occnred  to  one  of  the  cylinders  in  use  on  the  line 
T>ith  which  he  was  connected.  Au  order  was  forthwith  despatched  to 
Manchester,  and  in  three  days  he  had  another,  which  fitted  exactly  the 
place  occupied  by  the  first. 


ON  THE  FORMATION  OF    TEETH  OF   DRIVERS   OF  PIN-WHEELS- 

The  Secretary  read  a  paper,  descriptive  of  "  A  Machine  for  Forming  the 
Teeth  of  J]7teels."  By  F.  Bashforth,  M.A.,  fellow  of  St  John's  College, 
Cambridge. 

The  paper  was  accompanied  by  a  model.  Referring  to  Prof.  Willis's 
demonstrations,  that  the  proper  form  for  the  teeth  of  spur-wheels  is  a  com- 
pound of  portions  of  epicycloids  and  hypocycloids,  he  remarked  that  no 
self-acting  inacliiuery  had  been  applied  to  give  those  forms  of  metal  wheels 
when  mounted  on  their  axes.  The  principle  of  the  invention  submitted  to 
the  Institution  was  the  well-known  one,  that  if  the  pins  be  supposed  to  be 
mathematical  lines,  the  proper  forms  of  the  teeth  of  the  driver  will  be  por- 
tions of  the  epicycloids,  described  by  a  point  in  the  circumference  of  the 
pitch  circle  of  the  pin-wheel,  when  caused  to  roll  on  the  pitch  circle  of  the 
driver.  The  tracer  being  replaced  by  a  cylindrical  cutter,  this,  as  it  re- 
volves on  its  axis,  will  form  with  accuracy  the  interval  between  the  two 
teeth  of  the  driver.  By  turning  the  wheel  to  be  cut  through  the  proper 
angle,  the  interval  between  the  next  two  teeth  will  be  formed,  and  so  on 
till  the  whole  be  completed.  He  proposed  that  the  pins  should  be  formed 
in  two  parts ;  a  solid  cylinder  surrounded  by  a  tube  of  iron;  and  when 
the  tooth  of  the  driver  came  in  contact  with  the  outer  case  of  the  pin,  it 
would  revulve  through  a  small  angle,  and  thus  all  abrasion  of  the  teeth  of 
the  driver  would  be  avoided. 

Mr.  M'CoNNELL  was  unable  to  see  wherein  the  model  before  them  dif- 
fered from  the  plan  now  in  use.  In  fact,  it  was  nothing  more  than  the  old 
cog-and-drum  plan.  Probably  the  idea  occured  to  the  inventor  without 
any  knowledge  of  the  existing  machines,  and,  if  so,  he  deserved  commen- 
dation for  his  ingenuity. 

Mr.  C'owPER  could  not  entirely  agree  with  Mr.  M'Connell.  The  teeth, 
by  this  machine,  were  made  by  a  given  mathematical  rule.  That  was  the 
only  self-acting  machine  he  had  seea  that  struck  a  real  epicycloid. 

Mr.  Fothergill  was  unable  to  see  anything  in  the  machine  practically 
diflerent  to  those  longer  in  use.  If,  however,  the  inventor  was  an  amateur, 
great  credit  was  due  to  him  for  the  inventive  ability  he  had  displayed  in 
the  model  before  them. 


CRADDOCK'S  BOILER  AND  CONDENSER. 

Mr.  T.  Craddock,  of  Birmingham,  read  a  paper  "  On  /lis  Improved 
Boiler  and  Condenser — their  Suitability  for  Extmding  the  Cornish  Economy, 
and  Preventing  Boiler  Explosions." 

In  submitting  to  the  meeting  the  subject  of  this  paper,  it  appears  de- 
sirable to  call  attention  to  the  well-established  practical  data,  from  which, 
by  the  Cornish  system  of  generating  and  using  steam,  such  economical  re- 
sults have  been  obtained.  To  this  end,  a  very  brief  review  of  the  various 
laws,  or  principles,  immediately  bearing  upon  the  subject,  seems  to  be  es- 
sential for  placing  the  matter  iu  its  proper  light  before  the  meeting.  For 
this  purpose,  perhaps  the  classified  mode  is  the  preferable  one. 

1.  We  have  to  do  with  the  laws  by  which  heat  is  transmitted  from 
hotter  to  colder  bodies,  and  vice  versa.  These  demand  in  our  steam-boilers 
and  condensers  an  extensive  surface ;  and,  as  far  as  other  circumstances 
will  allow  of,  that  such  surface  be  composed  of  thin  metal.  It  is  further 
necessary,  if  we  would  produce  the  greatest  economy  in  the  generation  of 
steam,  that  the  heat  produced  in  the  furnace  be,  to  as  great  an  extent  as 
possible,  absorbed  by  the  water ;  this  is  best  effected  by  a  subdivision  of 
the  gases  by  a  slow  draught,  and  by  completely  surrounding  the  combusti- 
ble matter  in  the  furnace  by  the  water  in  the  boiler. 

2.  The  hydrostatic  laws  require,  in  order  to  render  high-pressure  sleam 
equally  sate  from  explosion  as  low-pressure,  that  we  diminish  the  sec- 
tional area  of  the  interior  surface  of  the  boiler,  upon  which  the  pressure 
of  the  steam  acts,  in  the  same  ratio  as  we  increase  its  pressure.  If  we  do 
this,  then  the  rending  force,  tending  to  burst  the  boiler,  remains  the  sama 
at  whatever  pressure  the  steam  be  generated. 

3.  The  laws  relating  to  latent  and  sensible  heat,  when  considered  in 
combination  with  large  volumes  of  water,  and  subjected  to  the  casualties 
attending  the  steam-engine,  suggests  the  diminishing  the  quantity  of  water 
necessary  in  steam-boilers,  as  far  as  practical  circumstancs  will  permit,  as 
one  of  the  surest  means  of  preventing  destructive  boiler  explosions.  The 
importance  which  attaches  to  the  suggestions  these  laws  present  becomes 
apparent  when  we  consider  the  effects  in  case  of  explosion,  which  such  an 
amount  of  sensible  heat  produced,  as  that  contained  iu  the  large  volume  of 
water  necessitated  ia  boilers  of  60-horse-power,  for  instance,  and  of  the 
usual  construction,  as  the  sensible  heat  contained  in  so  large  a  volume  of 
water  would,  supposing  the  pressure  of  the  steam  to  diminish  from  40  lb. 
to  20  lb.  per  square  inch,  generate  a  volume  of  steam,  at  20  lb.  pressure, 
equal  to  30,000  cubic  feet.  Here  we  have  a  cause  equivalent  to  the  dif- 
fusive and  destructive  effects  exhibited  in  common  and  large  boiler  explo- 
sions. The  boiler  to  which  this  paper  refers,  reduces  the  danger  from  this 
cause  nine-tenths,  though  the  steam  be  generated  in  it  at  a  temperature 
and  pressure  of  100  lb.  per  square  inch.     In  this  case  we  find  the  sensible 
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heat  contained  in  Ihe  water  required  by  such  boilers,  would  give  but 
3,000  cubic  feet  of  steam  at  20  lb.  pressure.  The  boiler  under  cunsiiiera- 
tion  is  equally  successful  in  diminishing  the  risk  fron)  ex[)Iosion,  arising 
from  the  rending  strain  due  to  the  pressure  of  the  steam — as.  on  a  com- 
parison with  the  common  boiler,  in  which  we  suppose  the  steam  at  only 
Z6  lb.  pressure,  the  rending  force  in  such  common  boiler  is  5,400  lb  ;  whilst 
in  the  tubular,  even  with  100  lb.  pressure,  the  rending  force  amounts  only 
to  900  lb.,  or  but  one-sixth  of  that  given  in  the  instance  of  the  common 
boiler.  The  most  obvious  and  certain  conclusion  to  which  such  well- 
established  principles  lead,  cannot  fail  to  show  how  ill-grounded  and 
unscientific  must  be  the  objections  raised  against  high-pressure  steam, 
when  generated  in  such  boilers. 

4.  The  laws  relating  to  the  expansive  action  of  steam  plainly  indicate 
the  importance  of  the  two  leading  features  of  the  matter  before  the  meeting 
— viz. :  that  of  removing  the  atmospheric  pressure  from  the  exhaust  side 
of  the  piston  on  the  one  hand,  and.  on  the  other,  enabling  us  to  ujake  use 
of  high-pressure  sleam  with  safety  ;  as  by  the  removal  of  Ihe  atmosphere 
in  non-condensing  engines,  an  economy  is  produced  by  this  cause  alone 
equal  to  38  per  cent. ;  and,  by  increasing  the  pressure  of  the  steam  at  the 
commencement,  can  be  obtained  a  further  increased  economy  upon  the 
Cornish  system,  equal  to  40  per  cent. 

[Mr.  Craddock  here  described,  by  means  of  plans,  his  boiler  and  con- 
denser.] 

Considerable  discussion  ensued  upon  the  reading  of  this  paper;  the 
principal  objections  to  the  conclusion  said  to  be  arrived  at  were  tliose 
raised  by  Mr.  M'Connell.  It  was  asked  by  him,  if  any  trial  had  been 
made  with  the  engine  in  actual  work  ?  ftlr.  Craddocic  replied,  that  the 
tiial  he  deemed  most  proper  to  submit  to  the  meeting  was  that  made  at 
the  London  Works  (Smethwick),  because  it  must  be  free  from  all  suspi- 
cion ;  and  that  to  the  authenticity  of  the  indicator  figures  taken  olf  the 
engine  when  there,  he  had  no  doubt  Mr.  Cowper  would  satisfy  the  meet- 
ing. 

Mr.  CovvPER  said,  he  had  taken  some  indicator  figures  off  the  engine,  and 
that  it  was  then  doing  20-horse  power — that  is,  indicator  horse-power ;  the 
condenser  then  took  l^-horse  power  to  work  il. 

Mr.  M'CoNNtLL  then  raised  an  objection,  that  the  engine  was  not  tested 
with  the  other  engines  working  at  the  London  Works. 

Mr.  Craddock  replied,  that  he  had  always  expiessed  a  wish  that  it 
should  be  so  tested,  but  the  firm  nut  intimating  its  assent,  it  was  not  fur 
him  (Mr.  C.)  to  insist  upon  anything  of  the  kind. 

Mr.  Stephenson,  Mi-.  M'Connell,  and  Mr.  BiCKLEsaid,  that  the  test  of 
pumping  water,  or  some  such  work,  was  the  best  test  of  power. 

Mr.  Craddock  replied,  that  he  was  a  little  surprised  that  Mr,  Buckle, 
the  representative  of  an  ancient  and  eminent  firm,  should  object  to  the  in- 
dicator  as  a  fair  test  of  the  power  of  the  engine,  when  it  was  well  known 
that  the  indicator  was  the  instrument  used  by  them  to  test  the  power  of 
their  own  engines. 

It  was  argued  by  Mr.  Crampton,  that  the  only  advantages  the  double- 
cylinder  engine  possessed  over  the  single  one  was  greater  steadiness  of 
motion  ;  but  this  did  not  compensate  for  the  loss  of  power,  whiih,  he  con- 
sidered, arose  from  the  use  of  two  cylinders,  in  the  steam  passing  from  the 
one  piston  to  the  other.  Some  time  ago,  he  had  made  some  elaborate  ex- 
periments upon  that  very  subject,  and  his  conclusions  then, were,  that  the 
loss  amounted  to  14  per  cent. 

Mr.  Craddock  replied  to  Mr.  Crampton,  by  admitting  a  loss  in  the  ex- 
pansion, which  took  place  between  the  two  pistons ;  but,  in  the  small 
engine  before  the  meeiing,  it  was  obvious  that  this  was  reduced  to  the 
smallest  possible  amount:  he  further  called  l\Ir.  Crampion's  attention  to 
the  great  irregularity  of  motion  that  would  result  by  currying  the  expan- 
sive principle  to  a  great  extent  into  one  cylinder.  Mr.  Craddock  here 
referred  to  an  expeiiment  made  on  the  previous  evening  with  the  small 
engine  before  the  meeting  ;  it  v\as  scarcely  necessary  for  him  to  remind  tlie 
meeting,  that  in  so  small  an  engine,  when  first  started,  the  friction  was  con- 
siderable; yet  it  had  worked  up  to  its  speed,  with  the  sleam  cut  off  at 
l-60th  of  the  stroke. 

Mr.  Crampton  replied,  that  the  steam  would  lose  all  its  power  before 
expanding  to  such  an  extent. 

Mr.  Craddock  said,  if  Mr.  Crampton  would  favour  him  with  a  call  at 
the  Works,  he  would  show  him  the  fact  expei-imentally.  He  wished  fur- 
ther to  remind  the  meeting  that,  from  his  own  experiments,  he  was  con- 
vinced that,  by  admitting  high-pressure  steam  direct  fiom  the  boiler  into 
one  cylinder,  much  of  it  was  condensed  by  the  compaiatively  cold  metal 
of  such  cylinder  ;  and  that  the  water  resulting  therefrom,  being  in  contact 
with  the  metal  of  the  cylinder,  did,  when  placed  in  conununication 
with  the  condensei-,  again  assume  the  form  of  steam,  thereby  uselessly  car- 
rying much  heat  from  the  boiler  to  the  condenser,  without  producing  me- 
chanical effect.  But  as  he  had  stated  his  views  upon  this  sulject  else- 
where, and  as  it  may  appear  to  the  meeting  a  somewhat  abstruse  subject, 
if  not  an  hypoihetical  one,  he  would  not  trespass  upon  the  meeting  by  any 
further  remarks  upon  it. 

Mr.  M'Connell  said,  that  he  was  somewhat  surprised  that  after  the 
length  of  time  which  Mr.  Craddock  had  devoted  to  the  subject  under  dis- 
cusion,  he  had  not  arrived  at  some  more  accurate  data,  and  had  not  made 
up  his  mind  as  to  the  real  capability  and  comparative  advantages  of  his 
boiler, 

Mr,  Craddock  replied,  that  although  he  had  certainly  devoted  much 
time  to  the  practical  consideration  of  the  subject,  he  had  not  directly 
deduced  such  accurate  data  as  would  justify  him  in  stating  definitely  the 


comparative  merits  as  to  economy  of  coals  in  the  generation  of  a  given 
weight  of  steam  ;  but,  nevertheless,  if  Mr.  MConnell  would  favour  him 
with  a  call  at  the  Works,  he  had  no  doubt  he  should  he  able  to  show  him 
he  hiid  not  been  idle,  but  he  had  been  driving  after  great  points,  knowing 
full  well  ihat  on  these  depended  the  economy. 

Mr.  M'Connell  said,  that  it  appeared  to  him  that  the  condenser  was  most 
valuable  for  marine  purposes. 

Mr.  Craddock  replied,  that  its  advantages  for  such  purpose  may  be 
staled  in  a  lew  words,  as  the  condenser  would  ensure  waler,  fi'ee  from  de- 
posit, for  the  use  of  the  boiler,  thereby  rendering  tubular  boilers  pi'actica- 
ble,  they  enabling  us  to  generate  high-pressure  steam  with  safely  ;  and 
thus,  by  carrying  out  the  expansive  principle,  with  other  consequent  ad- 
vantages, a  saving  of  £2,000,000  sterling  per  annum  may  be  effected  in 
our  steam  navy. 

Mr.  Jackson  proposed,  that  in  order  to  test  the  relative  value  of  the 
single  and  double  cylinder  engine,  and  set  that  question  at  rest — at  least 
so  far  as  that  Society  was  concerned — Mr,  Crampton  he  requested  to  pre- 
pare a  paper  and  diagrams  on  the  subject,  to  be  laid  before  ihe  members  at 
a  subsequent  meeting, 

Mr,  Craddock  suggested,  that  a  more  conclusive  test  would  he  that  of 
an  engine  having  two  cylinders,  one  of  which  could  be  readily  thrown  out 
of  action  ;  its  being  connected  with  ihe  same  boiler,  expaiuliiig  the  sleani 
to  the  same  extent,  and  performing  the  same  work — the  steam  and  coal  re- 
quired, in  both  cases,  being  accurately  weighed — would  give  the  most 
salia'actory  solution. 

The  request  to  Mr.  Crampton  being  carried  unanimously,  he  (Mr. 
Craddock)  couseuted  to  comply  wiih  such  request. 


HYDRAULIC  STARTING  APPAR.\TUS. 

Mr.  FoTHERGiLL  read  a  paper,  descriptive  of  "  A  Hydraulic  Apparatus, 
for  Connecting  Heavy  Machinery,  and  Disengaging  the  sa^ie  from  the  Prime 
Mover,  without  producing  those  Sudden  Shocks  ivhich  the  use  of  Ordinary 
Clutches  occasion."     J3y  Mr.  Jackson, 

A  level  pinion  is  supposed  to  he  connected  wiih  the  engine,  or  other  prime 
mover,  and  gears  into  a  bevil  wheel,  to  which  is  cast  a  rim,  which  is  turned 
internally.  The  wheel  turns  loose  upon  a  shaft,  being  lined  with  a  brass 
bush  ;  the  shaft,  however,  is  provided  with  four  projections,  through  each  of 
which  a  hole  is  bored — the  centre  lines  of  these  holes  lying  in  one  horizontal 
plane,  and  meeting  in  one  common  central  chamber.  In  these  holes  four 
rams,  which  are  respectively  cast  of  one  piece,  with  blocks,  are  fitted,  the 
blocks  being  lined  with  copper,  and  turned,  so  as  to  fit  the  internal  surface 
of  the  rim.  Supposing  that  the  machinery,  which  is  assumed  to  be  con- 
nected with  the  shaft,  required  to  be  started,  hydraulic  pressure  is  applied 
to  the  under  rams,  by  pressing  the  ram  which  is  in  the  shaft  down  upon  a 
column  of  water,  also  contained  in  the  shaft  and  the  common  central  cham- 
ber, by  means  of  a  fly-wheel,  which,  with  its  nut  and  a  screw,  forms  one 
piece  with  the  ram — this  ram,  the  nut,  and  screw,  being  guided  and  sup- 
ported by  a  lirass  box,  which  is  screwed  into  the  upper  end  of  the  shaft.  It 
is  evident,  that  on  the  ram  in  the  shaft  being  thus  pressed  down,  the  under 
rams  will  gradually  and  simultaneously  press  the  segments  against  the  inter, 
nal  surface  of  the  rim,  with  a  power  proportionate  to  the  force  applied  at  the 
circumference  of  the  fly-wheel,  until  the  friction  produced  by  such  pressure 
shall  be  equal  to  the  resistance  of  the  machine  to  be  set  iu  motion.  The 
machine  will,  therefore,  gradually  assume  the  velocity,  which,  according  to 
the  speed  of  the  driving-shaft,  it  ought  to  have;  at  the  same  time,  that  any 
extraordinary  momentary  resistance,  such  as  might  be  supposed  to  occur 
occasionally  in  rolling-mills,  or  other  machinery  of  a  similar  nature,  instead 
of  causing  the  wheel  to  break,  will  have  a  tendency  to  make  the  rim  to  slip 
on  the  segment  until  the  obstacle  be  removed,  or  overcome.  In  order,  how- 
ever, that  too  great  a  pressure  may  not  be  applied  to  the  lower  rams,  the 
upper  one  and  the  screw  are  perforated  with  a  small  opening,  the  extremity 
of  which  is  closed  by  a  valve,  acted  upon  by  a  spiral  spring,  encased  in  the 
brass  box — so  that  if,  at  any  time,  the  pressure  exerted  upon  the  rams 
should  exceed  that  to  which  tne  spring  is  regulated,  the  water  would  lift  the 
valve,  and  escape  through  it  into  the  box,  and  through  an  opening  in  the  lid 
of  the  latter  into  the  atmosphere,  until  the  balance  of  the  pressure  was  again 
established. 

Mr.  M'Connell  wished  to  know,  whether  there  was  any  other  means 
than  that  supplied  by  the  safety-valve,  if  he  might  so  call  it,  whereby  the 
maximum  of  pressure  could  he  ascertained. 

Mr.  FoTHERGiLL  remarked  that,  in  fact,  the  machine  was  a  self-acting 
regulator.  A  certain  amount  of  resistance  was  required  to  make  the  rams 
work,  and  whenever  the  resistance  became  too  great,  the  spring  and  the 
valve  carried  off  the  superfluous  power. — It  was  resolved  by  several  of  the 
members,  that  the  cone  seemed  to  answer  every  purpose  which  this  machine 
was  intended  for  ;  but  it  was  argued  by  Mr.  Fothergill,  that  Mr.  Jackson's 
machine  removed  the  greatest  objection  to  the  use  of  the  cone — viz.,  the 
backward  pressure.  By  the  present  invention,  the  pressure  was  confined 
altogether  to  the  direction  in  which  it  was  wanted.  Several  other  members 
expressed  themselves  highly  pleased  wiih  the  machine  ;  and  after  a  vote  of 
thanks  had  been  passed  to  Mr.  Jackson,  it  was  resolved  to  print  the  com- 
munication, and  lithograph  the  diagram,  for  the  use  of  the  members. 
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TATEXT  SAFETY  BUFFUR. 

A  paper  was  read   "  On  an  improved  patent  Safety   Buffer."     By  Mr. 
Chksshire. 

Mr.  Buckle,  in  introducing  Mr.  Chessliire's  invention  to  the  notice  of  the 
meeting,  took  occasion  to  express  his  satisfaclion  with  the  principle  of  the 
machine,  whicii,  witli  tiie  spiral  hreak  of  tiie  worlhy  president,  would,  he  the 
means  of  saving  many  lives  on  railways.  In  a  former  notice  of  the  proceed- 
ings of  the  Institution,  we  have  briefly  descrihed  the  principle  of  the  inven- 
tion. [Seeyourna/,  June  18i 7,  p.  190.]  It  is  proposed  that  each  railway  carriage 
should  be  supplied  with  a  strong  moveable  rod  of  iron,  solid  or  otherwise,  as 
might  be  deemed  advisable,  supported  in  the  centre  of  the  under  framework 
by  bearing  sockets.  This  rod  is  merely  to  have  an  "  endway"  motion,  and 
is  to  have  a  head  at  each  end,  similar  to  the  present  side  buffers,  although  it 
is  not  intended  that  these  heads  should  act  against  each  other,  except  in 
case  of  colhsion.  When  the  carriages  are  screwed  up  into  their  ordinary 
travelling  state,  there  will  be  a  space  between  the  safety  buffers  of  some  few 
inches,  which  would  permit  the  independent  action  of  the  side  buffers.  This 
safety  buffer  would  be  placed  in  the  "  van'  at  the  end  of  tlie  train,  and  also 
in  the  tender  in  front — so  that  it  cannot  have  an  endway  motion,  farther 
than  being  fixed  against  strong  elliptical  springs  will  admit  of,  if  such  springs 
should  be  considered  advisable,  [t  was  shown,  by  experiments  on  a  small 
model  railway,  that  the  effect  of  this  continuous  buffer  was  exactly  that  which 
its  inventor  claimed  for  it.  A  train  of  carriages  supplied  with  the  rods  was 
brought  into  collision  with  an  ordinary  train  ;  and  while  the  former  was  un- 
hurt, with  the  exception  of  the  last  carriage,  whicli  had  broken  from  its 
rouplings,  the  other  was  thrown  into  the  utmost  confusion.  The  whole 
force  of  the  shock,  in  so  far  as  the  former  train  was  concerned,  seemed  to  he 
conveyed  to,  and  spent  on,  the  last  carriage,  which  the  inventor  proposes 
should  be  filled  with  goorls  or  luggage. 

Consideralile  discussion  followed  the  reading  of  the  paper  and  the  experi- 
ment. The  chief  objections  were — that  the  absence  of  all  uniformity  in  the 
size  and  make  of  carriages  would,  even  if  the  principle  was  sound,  make  the 
invention  practically  useless.  Then,  again,  the  force  of  the  shock  of  a  colli- 
sion could  only  be  conveyed  throughout  the  length  of  the  buffer  and  to  the 
last  carriage,  when  the  train  was  on  a  straight  line.  If,  for  example,  it  was 
on  a  curve  that  the  collision  took  place,  the  centre  carriages,  or  the  one 
where  the  bend  was  greatest,  would  receive  the  force  of  the  shock,  and  the 
lives  of  the  occupants  of  the  carriage  he  sacrificed.  Mr.  M'Connell  was  the 
principal  supporter  of  this  objection.  It  was,  moreover,  argued  by  Mr. 
Hamsbottom  and  others,  that  the  application  of  the  invention  would  be  a 
practical  disadvantage,  except  in  one  case — namely,  as  a  strengthener  of 
the  bottom  of  the  carriage.  By  the  present  side  buffers,  the  force  of  a  shock 
was  distributed  over  the  whole  train — the  first  feeling  the  greatest  amount 
of  force — and  thence  it  sensibly  diminished,  until  the  passemrers  in  the  cen- 
tre, or  the  extremity  of  the  train,  scarcely  felt  it  at  all.  Now,  making  the 
shock  simultaneous  throughout  the  whole  train,  as  it  was  proposed  to  do, 
would  have  the  same  effect  on  the  passengers  as  if  the  train  had  run  against 
a  dead  wall.  They  would  be  thrown  into  each  other's  faces  in  every  carriage 
in  the  train.  Besides,  if  the  train  was  run  into,  the  engine  and  tender,  and 
the  men  upon  that,  would  be  sacrificed. 

Mr.  Chesshirf,  replied,  that,  with  respect  to  the  indisposition  of  railway 
companies  to  go  to  the  trouble  and  expense  of  applying  the  invention,  he 
thought  that  the  lives  of  the  public  was  the  first  great  consideration;  and 
im  expense  and  no  trouble  should  be  allowed  to  operate  against  any  inven- 
tion that  promised  to  reduce  the  number  of  casualties.  As  for  the  principle 
of  the  invention,  he  was  convinced  that  it  was  perfectly  sound.  Accidents 
seldom  took  place  in  curves;  there  the  enginemen  were  always  on  the  look 
out.  The  force  of  a  collision  must  be  spent  somewhere;  and  he  could  not 
understand  how  it  could  be  an  objection  to  his  invention,  that  he  carried  it 
off  from  the  carriages  where  damage  to  life  would  be  done,  and  concentrated 
it  where  nothing  of  the  sort  was  to  be  apprehended.  He  was  convinced  that, 
if  the  Institution  would  recommend  some  of  the  railway  companies  to  adopt 
the  invention,  it  would  be  found  to  act  most  beneficially. 

After  some  further  remarks  by  Mr.  Wright,  Mr.  Peacock,  Mr.  Crampton, 
Mr.  Cowper,  Mr.  Fotbergill,  and  others,  Mr.  M'Connell  recommended  that 
the  consideration  of  the  su'iject  sliould  he  handed  over  to  the  council,  who 
would  discuss  the  merits  of  the  invention  with  Mr.  Chesshire,  which  was 
agreed  to. 


BANKS'S  PATENT  STEEL  TYRES. 

Mr.  FoTHERGILL  read  the  following  paper  ; — "  The  statement  of  facts  re- 
lative to  .Vlr.  Thomas  Banks's  Patent  Plan  of  Steeling  the  Tyres  of  Hall- 
way H'heels,  is  the  result  nf  neiriy  Five  Years'  Trial,  and  shows  the  Cost 
and  DuralfiUty  of  Staffordshire  Tyres,  Steeled  on  his  PtaUy  as  compared  with 
Low  Moor  Tyres." 

The  present  cost  of  Low  Moor  tyres,  for  3-feet  wheels,  will  be — 

^    s.  d. 
Four  tyres  of  ."^  fwt.  each  — ].*  cwt.,  at  229.  ..  18     4    0 

Putting  uu  tJle  tyres  ready  lur  wiirk  .  ..  8    0    0 

Twice  tumiiitf  up,  after  weariug  bolloTT  ..  10    0 


Suppose   these   tyres  to   run  50,000  miles  on   an  aver.ig" — that  is  50.000 
miles  at  a  cost  of  22/.  4». — the  present  cost  of  Staffirdaliire  lyies  will  be — 
Fdur  tyresof  ."i  ewt.  efteti— 1  .*  cwt..  at  1L*3.  ..  £7    4    0 

Putting  on  tlie  tyres  ready  for  work         ..  ..  HOC 

Steel  for  ateeliny  one  sot— lA  ewt.,  at  43b.  ..  ;i     3     0 

&!au'8  wages,  tor  turning  grooves  in  ttie  wlleels  ..  0  Id     0 

S'nittl's  wages,  for  inserting   tfie  steel      ..  ..  0   10     0 

Man's  wagds,  for  tiiriiiiic  up  after  steeling  ..  0  10     0 

fifeu's  wages,  fur  drilling  and  rivetting  ..  0    7     ft 


Total  cost  ..  j^'SO    4    6 

These  tyres  are  proved  to  run  before  steeling  18,000  miles,  and  after 
steeling  100,000  mile-. — making  a  total  work  of  113,000  miles,  at  a  cost  of 
20i  As.  (td.  Now,  sutitracting  50,000  miles — the  work  of  Liw  .\luor  tyres — 
from  118,000 — the  work  of  Staffordshire  tyres  steeled —we  have  G8, 000 
miles  which  the  latter  will  run  more  than  the  former,  and  at  a  cost  of 
39.».  6(/.  per  set  less.  From  the  abive  statement,  we  see  the  cost  of  Low 
Moor  tyres,  per  1,000  miles,  isSs.  lO^rf.;  whilst  the  cost  of  Staffordshire 
tyres,  steeleil,  is  only  M.  i\d.  per  1,000  miles.  The  truth  of  this  statement 
is  proved  by  a  test  of  nearly  five  years'  trial,  on  those  lines  on  which  the 
plan  has  been  most  used.  We  are  aware  that  railways  did  not  all  wear  out 
the  tyres  alike;  but  on  those  lines  where  the  iron  tyres  will  run  more  than 
stated  above,  the  steeled  tyres  will  run  more  in  proportion,  and  the  plan  is 
attended  with  no  danger  whatever. 

Note. — The  above  statement  shows  only  the  advantage  of  steeling  the 
tyres  once,  but  we  have  steeled  many  a  second  time,  after  they  have  run  the 
above  distance.  The  same  tyres  mty  he  steeled  a  second  time  at  a  cost  of 
5/.  per  set,  when  they  will  run  100,000  miles  more — maki-ig  a  total  of 
218,000,  at  a  cost  of  25/.  4s.  dd.,  or  2s.  Ad.  per  1,000  m'les.  The  advantage 
of  steeling  a  second  time  is  secured  by  taking  the  tyres  in  time,  while  they 
have  the  requisite  strength  for  steeling  the  first  time.  The  general  objection 
against  the  plan  is,  that  there  will  be  a  deal  of  trouble  to  carry  it  out ;  liut 
this  objection,  if  properly  examined,  will  he  found  to  he  without  foundation. 
When  the  wheels  want  turning  up,  they  must  be  taken  from  under  the  car- 
riage, or  wagon  ;  and,  when  taken  from  under,  the  cutting  of  the  grooves 
in  the  tyres  for  the  steel  will  not  cost  more  than  5s.  per  pair  in  men's  wages ; 
and,  vvhen  the  grooves  are  turned,  one  smith  and  three  strikes  will  insert 
steel  segments  with  10  pairs  of  3-feet  wheels  in  one  day  of  10  hours ;  after 
which,  turning  up  the  steeled  wheels  will  take  very  little  more  time  than 
turning  up  without  steeling,  which  proves  tliat  the  trouble  will  not  be  so 
great  as  some  people  imagine,  and  nothing,  when  the  durability  and  saving 
which  is  effected  is  considered,  by  the  tyres  being  steeled  on  this  plan. 

The  paper  was  accompanied  by  a  letter  from  Mr.  Jenkins,  of  the  M. Ro- 
chester and  Leeds  Railway,  highly  commendatory  of  the  steel  tyres. 

Mr.  Peacock  remarked,  that  he  had  tried  the  wheels  steeled  by  Mr. 
Banks's  process,  and  the  result  was,  that  whereas  he  was  formerly  obliged  to 
repair  the  wheels  of  the  tenders  every  four  mouths,  those  with  steel  tyres 
did  not  require  repair  oftener  than  once  in  12  months.  He  had  not  fully 
tested  their  wearing  qualities,  but  be  had  no  doubt  that  they  would  be  founrl 
to  be  most  economical  as  well  as  useful. — Several  other  of  the  members 
spoke  in  high  terms  of  the  value  of  this  patent. 


ROYAL  SCOTTISH  SOCIETY  OF  ARTS. 

April2A. — John  Bhbk  Murdoch,  Esq.,  F.R.S.E.,  V.P.,  in  the  Chair  . 

The  following  communications  were  read  : — 

1.  "On  the  value  of  Ga^es  from  different  Coals,  and  the  price  of  Light 
in  different  places ;  also  a  new  mode  of  estimating  the  Consumotion  of 
Gases,  &(c.,  and  of  estimating  Illuminating  Power."  By  Andrew  Fvfb, 
M.D.,  F.R.S.E. 

The  first  part  of  this  paper  referred  to  the  illuminating  power  and  dura- 
bility of  gases  obtained  from  English  caking  coal,  from  English  parrot  coal, 
and  from  Scottish  parrot  coal,  with  which  gases  the  towns  in  England 
and  Scotland  are  supplied,  and  consequently  to  the  value  of  these  gases  for 
afl'ording  light.  Taking  the  illuminating  power,  and  the  durability,  and 
consequently  also  the  values  of  the  gas  from  English  caking  coal,  with  which 
Newcastle  and  many  other  towns  in  England  are  supplied,  as  the  unit  of 
comparison.  Dr.  Fyfe  stated,  that  he  found  the  illuminating  power  of  the 
gas  from  the  English  parrot  coal,  such  as  that  from  Y'orkshire  ami  Lancashire, 
to  be,  on  an  average  of  numerous  trials,  1/3,  the  durability  to  be  1-12,  and 
hence  the  value,  bulk  for  bulk,  as  1-85.  The  value  of  gas  from  the  diflferent 
kinds  of  Scottish  parrot  coal  varies  considerably,  according  to  the  place  from 
which  the  coal  is  obtained  ;  hot,  as  in  the  larger  towns  in  Scotland,  a  mix- 
ture of  coals  of  different  quality  is  employed,  the  gas  in  these  towns  is  gene- 
rally very  nearly  of  the  same  quality.  Taking  the  average  of  all  the  trials 
made  at  Edinburgh,  Glasgow,  Greenock,  Dundee,  and  Aberdeen,  the  illumi- 
nating power  was  found  to  be  3'23,  the  durability,  1  58  ;  thus  making  the 
value  very  nearly  5,  compared  with  the  English  caking  coal  gas  as  1,  and 
27  to  the  English  parrot  coal  gas  as  1 ;  in  other  words,  to  light  an  apart- 
ment to  the  same  extent,  and  for  the  same  time,  by  similar  methods  of  con- 
sumption, the  quantity  of  pas  from  Scottish  parrot  coal  required,  being  as  1, 
the  quantity  of  gas  from  English  parrot  coal  would  be  more  than  double, 
and  that  from  English  caking  coal  would  be  five  times  as  great.     Dr.  Fyfe 
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then  alluded  to  the  value  of  these  different  kinds  of  coal  for  affording  gas, 
and  ronsequently  for  affording  light  by  tlie  combustion  of  their  gases.  In 
ascertaining  this,  the  quantity  of  gas  given  off  from  tlie  coals  is  taken  into 
account,  along  with  the  value  of  tlie  gases  themselves  for  affording  liglit.  In 
this  way  he  has  fixed  the  value  of  the  coals  as  follows  : — English  caking  coal 
being  1 ;  that  of  the  English  parrot  coal  is  on  an  average  23  ;  and  that  of 
the  mixture  of  Scottish  parrot  coal,  as  used  in  different  towns,  as  6. 

In  the  second  part  of  the  paper.  Dr.  Fyfe  alludeil  to  the  methods  of  finding 
the  value  of  coal  gas,  for  the  purpose  ol  illuminalion,  and  more  particularly 
to  a  new  mode  of  determining  the  durability  ;  in  other  words,  the  time  re- 
quired for  consuming  a  certain  volume  of  gas,  and  consequently  the  con- 
sumpt  in  given  times,  and  by  means  of  which,  also,  the  specific  gravity  of  the 
gas  could  be  ascertained.  From  numerous  experiments  which  he  had  per- 
formed, he  had  come  to  the  conclusion,  that  when  coal  gases  are  burned 
from  the  same  burner,  with  the  same  height  of  flame,  the  consumpt  is  as 
the  square  roots  of  tlie  pressure  necessary  to  keep  up  the  combustion,  at  the 
length  of  flame  fixed  on  ;  and  that,  consequently,  the  time  required  for  the 
consumpt  of  equal  volumes  is  inversely  as  the  square  roots  of  the  pressure 
He  had  also  come  to  the  conclusion,  that  the  durability,  in  other  words  the 
time  required  for  the  consumpt,  depends  on  the  specific  gravity,  and  that  the 
same  law  is  applicable  ;  consequently,  the  specific  gravity  being  known,  the 
consumpt  can  be  determined;  as  the  consumpt  being  determined,  by  the 
pressure,  the  specilic  gravity  can  be  ascertained,  the  rule  being,  the  specific 
gravity  is  inversely  as  the  square  roots  of  the  pressures,  necessary  to  keep 
the  gases  burning,  from  sindlar  burners,  at  the  same  height  of  flame.  Dr. 
Fyfe  stated,  that  he  had  put  these  different  rules  to  the  test  of  experiment, 
with  gases  which  he  had  prepared  from  different  coals,  and  also  with  the 
gases  found  in  different  towns,  and  he  exhibited  numerous  tables,  showing 
the  very  close  correspondence  between  the  results  obtained  experimentally, 
and  by  calculation.  He  then  exhibited  an  instrument  by  which  the  dura- 
bility and  specific  gravity,  could  by  the  rates  stated,  be  determined.  It  con- 
sists of  a  jet  burner,  of  the  -lOth  of  an  inch  in  diameter,  to  which  is  adapted 
a  scale  for  measuring  the  height  of  flame,  and  a  pressure  gauge  for  ascer- 
taining the  pressure  under  which  the  gas  is  burning,  at  the  length  of  flame 
fixed  on.  In  this  pressure  gauge  is  fitted  a  graduated  scale,  with  a  burner, 
by  which  the  pressure  can  be  read  off,  to  xio'h  o'  s"  iacii.  Along  with 
this  a  table  was  given,  showing  the  consumpt  of  gases  in  a  given  time — the 
time  required  for  tlie  consuiopt  of  equal  (luantities,  and  the  specific  gravities, 
according  to  the  pressures  indicated  by  the  gauge.  In  the  table  the  pres- 
sures ranged  from  -nniths  to  -fSijths  of  an  inch,  which  embraces  all  the  pres- 
sures likely  to  occur  with  the  jet  burner  stated. 

Dr  Fyfe,  in  conclusion,  alluded  to  a  photometer,  which,  so  far  as  he  was 
aware,  is  not  noticed  in  any  publication,  and  which,  he  believed,  was  the 
invention  of  Professor  Bunsen.  It  consists  of  a  paper  screen  besmeared 
with  a  solution  of  spermaceti  in  oil  of  naphtha,  excepting  at  a  part  around 
the  centre.  A  candle  placed  behind  this  transmits  light  in  such  way  as  to 
make  the  part  uncovered  easily  observed,  but  when  another  light  is  placed  in 
front  of  the  screen,  at  a  certain  distance,  according  to  the  intensity  of  the 
light  the  spot  disappears,  and  the  paper  becomes  uniformly  of  the  same  ap- 
pearance. In  using  other  lights,  the  distance  at  which  the  uniformity  on 
the  surface  of  the  screen  is  occasioned,  depends  on  the  intensity  of  the  light; 
and  thus,  according  to  the  usual  law,  the  illuminating  power  of  different 
lights  is  determined  by  the  square  of  the  distances  at  wliicli  they  are  situated 
from  the  screen.  Dr.  Fyfe  stated  that  he  had  put  this  method  to  the  test  of 
experiment,  and  found  it  extremely  accurate,  and  much  more  easily  managed 
than  the  shadow  test.  He  exhibited  the  screen  in  connection  with  the  pres- 
sure gauge  burners,  already  described,  by  tlie  use  of  which,  the  illuminating 
power,  the  durability,  and  the  specific  gravity  of  coal  gases  are  very  easily 
and  quickly  determined  ;  and  hence  the  value  of  an  instrument  of  this  kind 
to  those  travelling  from  place  to  place,  with  the  view  of  ascertaining  the 
value  of  coal  gas  in  different  towns  ;  and  of  ascertaining  the  value  of  dif- 
ferent kinds  of  coal  for  affording  gas,  and  consequently  for  affording  light  by 
the  combustion  of  their  gases. 

2.  **  On  the  Composite  Ellipse,  as  an  element  in  the  useful  and  ornamental 
arts, — being  the  second  of  a  series  of  short  papers  upon  the  Harmony  of 
Form."     By  Mr.  D.  R.  Hay. 

Mr.  Hay  said  that  the  paper  and  illustrations  be  now  brought  before  the 
Society  would  show  that  the  composite  ellipse,  as  he  described  and  arranged 
it,  was  an  important  element  in  the  useful  and  ornamental  arts.  He  then 
explained  the  relation  which  his  composite  ellipse  bore  to  the  circle,  and  to 
the  regular  ellipse;  also  his  mode  of  descrihiiig  it,  with  an  analysis  of  its 
composition.  For  this  purpose  he  exhibited  six  large  diagrams.  He  then 
went  on  to  show  that  its  beauty  consisted  in  the  variety  of  its  parts  being  in 
an  equal  ratio  to  their  uniformity ;  and  that  it  was  to  regulate  and  classify 
the  various  developments  of  this  variety,  that  he  iiad  in  his  work  on  "  First 
Principles  of  Symmetrical  Beauty,"  classified  a  series  of  forty-two  of  those 
figures,  by  an  application  of  the  laws  of  numerical  ratio. 

Mr.  Hay  then  stated  that  he  had  brought  the  same  subject  before  the 
Society  about  three  years  ago,  as  calculated  to  improve  the  practice  of 
various  arts ;  and  that  as  it  bore  upon  the  humblest  productions  of  the 
potter's  art,  the  mechanic  and  the  cottager  might  have,  without  additional 
cost,  household  utensils  of  forms  as  beautiful  as  the  finest  specimens  of  the 
hantique. 

Mr.  Hay  then  observed  that  it  had  lately  been  stated  in  the  Society  that 
his  composite  ellipse  had  not  novelty  to  recommend  it,  but  had  long  been 


familiar  to  every  one  who  had  given  any  attention  to  the  subject;  and  that 
Nicholson's  "  Dictionary  of  Architecture"  had  been  referred  to  in  corrobora- 
tion of  this  statement.  Mr.  Hay,  however,  stated  that  neither  the  composite 
ellipse,  his  method  of  describing  it,  nor  its  application  to  the  drawing  of 
vases,  was  pulilisbed  in  Nicholson's  "  Dictionary  of  Arcbilccture,"orelsewhere, 
before  he  exhibited  them  to  the  Society,  as  just  stated. 

3.  "  Description  of  a  new  Ball  Stop-coci  for  Water  Cisterns,  and  of  a 
Nase-coci  for  Cas/ts  or  Vats."     By  Mr.  Daniel  Erskine. 

The  new  ball-cock  consists  of  two  flat  surfaces  ground  air-tighl,  having 
port  holes  for  the  water  when  in  certain  positions,  and  furnished  with  a 
spiral  spring,  that  keeps  the  surfaces  in  contact.  This  spring  is  screwed 
down  to  the  pressure  of  the  water  tliat  it  is  fitted  for,  and  as  the  water  tends 
to  lift  it  off  the  face,  this  gives  it  slight  friction  on  either  side,  and  it  is  not 
so  liable  to  get  fixed  as  the  present  ball-cocks  are.  The  same  kind  will  be 
of  great  advantage  for  gas-works,  distilleries,  and  breweries,  where  large 
nose-cocks  are  required,  and  will  be  much  less  expensive. 

4.  "  Description  of  a  Model  of  a  Stop-coci  for  Corrosive  Fluids."  By 
Mr.  James  Robb. 

This  stop-cock  is  intended  to  obviate  the  tendency  to  stick  fast,  which 
the  plugs  of  all  the  common  kind  have,  especially  when  the  fluids  are  of  a 
corrosive  or  drying  nature,  such  as  common  gas  ;  aoil  as  it  will  have  no 
tendency  to  leak,  it  may  be  employed  with  advantage  in  oil,  beer,  or  water 
casks.  Its  principal  peculiarity  consists  in  using  vulcanised  india-rubber 
tubing,  connected  with  the  pipe  by  screw  couplings,  and  compressed  by 
means  of  a  screw,  or  otherwise,  to  any  extent  required,  by  which  the  flow  of 
gas,  or  other  fluid,  may  be  regulated  at  pleasure. 


INSTITUTION  OF  CIVIL   ENGINEERS. 

.■ipril  11.* — Joshua  Field,  Esq.,  President,  in  the  Chair. 

The  paper  read  was  the  second  part  of  a  communication  made  in  the  year 
1841,  descriptive  of  the  "  Bann  Reservoirs,  County  Down,  Ireland."  By 
I.  F.  Batemav,  M.I.C.E. 

The  first  part,  of  which  a  short  abstract  was  read,  gave  the  object  of  the 
construction  of  these  reservoirs,  which  were  undertaken  with  the  view  of 
regulating  the  quantity  of  water  in  the  River  Bann,  and  more  effectually 
supplying  water-power  to  the  flourishing  and  increasing  establishments  on 
its  banks ;  this  river  is,  from  the  bare  and  naked  character  of  the  Mourne 
mountains,  among  which  it  rises,  naturally  liable  to  the  greatest  irregularity 
in  its  volume ;  devastating  floods  frequently  pour  down  the  channel,  where, 
a  few  hours  previously,  there  was  not  sufficient  water  for  agricultural  pur- 
poses. Greatly  injurious  as  this  must  have  been  to  the  agriculturist,  it  was 
irifinitely  more  so  to  the  mill-owners,  who  depended  entirely  on  water-power 
for  tJieir  manufactories.  Mr.  Fairbairn  was  consulted  on  the  subject ;  he 
examined  the  locality,  and  advised  the  formation  of  reservoirs ;  the  author 
was  then  appointed  the  engineer,  and,  acting  in  some  degree  upon  the  sug. 
gestions  of  his  predecessor,  whom  he  continued  to  consult,  the  worUs  were 
undertaken  which  are  described  in  the  present  paper.  The  peculiarities  in 
the  .\ct  of  Parliament,  granted  in  1836,  constituting  the  proprietors  of  the 
mills  a  joint-stock  company,  for  the  formation  of  the  Bann  reservoirs,  are 
detailed.  Th,;  works  vveie  originally  intended  to  have  been  more  extensive 
than  have  been  really  executed.  The  reservoir  at  Lough  Island  Heavy  is 
alone  described;  the  ground  in  that  spot  was  admirably  adapted  for  that 
work,  being  the  bottom  of  a  basin,  which  was  bounded  on  all  sides  by  rugged 
hills  of  granite  ;  in  the  centre  of  the  basin  was  a  small  lake,  at  the  bottom 
of  which  was  discovered  a  bed,  several  feet  in  thickness,  of  fossil  confervce, 
similar  to  those  discovered  by  Professor  Silliman,  at  Massachusetts,  North 
America.  This  interesting  geological  fact  was  first  noticed  by  Dr.  Hunter, 
of  Bryansford  ;  the  conferva;  appeared  like  an  impalpable  powder,  but  whea 
viewed  through  a  powerful  microscope,  they  were  found  to  be  regular 
parallelograms,  many  of  them  covered  with  stria;.  They  are  described  by 
naturalists  as  the  fossil  skeletons  of  minute  vegetables.  The  situation  fixed 
upon  for  the  reservoir  rendered  necessary  the  construction  of  four  embank- 
ments, between  the  hills,  so  as  to  raise  the  water  to  a  height  of  35  feet  above 
the  summer  level  of  the  lake.  The  particulars  are  also  given  of  a  series  of 
observations  with  rain  gauges,  continued  for  two  years,  for  the  purpose  of 
furnishing  data  for  computing  the  extent  of  reservoir  which  would  be  necessary 
to  insure  a  supply  of  water  throughout  the  year.  The  continuation  described 
the  subsequent  works,  which  consisted  of  the  Corbet  Lough  reservoir,  which 
was  designed  as  aa  auxiliary  pond,  to  receive  the  flood-waters  of  the  lower  part 
of  the  river,  and  to  retain  the  night  water,  to  be  discharged  again  during  the 
day,  immediately  above  the  more  extensive  mills  on  the  river.  A  water- 
course, of  considerable  dimensions,  was  constructed  to  effect  this,  and  aa 
embankment  was  thrown  across  the  narrow  outlet  of  the  lake,  the  water 
being  admitted  through  self-acting  flood-gates,  which  closed  as  soon  as  the 
lowering  of  the  river  created  a  current  in  the  contrary  direction.  The  details 
of  the  construction  of  all  these  works  were  given ;  and  it  was  shown,  by 
calculations  based  upon  actual  experiment,  and  observation  of  the  quantity 
of  water  received,  stored,  and  delivered  from  the  reservoirs,  that  their  con- 
struction had  increased  the  value  of  the  mill-power  of  the  River  Bann  full  five- 


*  This  paper  was  accidentally  oraitted  in  the  report  of  laat  month's  proceedings, 

25 


IS6 


THE  CIVIL  ENGINEER  AND  ARCHITECT'S  JOURNAL. 


Juke 


fold,  at  a  coniparalivcly  very  in=i;'iiificant  cost,  as  tlie  actual  pspenditure  for 
the  works  at  Corliel  Loiif;li  <liil  not  exceed  j,300/. — the  cl(jspst  econoniy, 
consistent  witli  the  eiricieiicy  and  durahility  of  the  work,  being  rigidly  ke]>t 
in  view,  and  the  utmost  attention  being  exercised  by  the  resident  engineer, 
Mr.  W.  L.  Stoney. 

May  0. — "  Odserra/ions  on  ihci  Causes  that  are  in  constiint  Operation, 
tending  to  alter  tlie  Outline  of  the  Coasts'of  Great  Britain,  to  affect  llie 
Entrances  of  Rivers  and  I/artwm-s,  and  to  form  Shoals  and  Deepa  in  the  Bed 
of  the  Sea."     Uy  Mr.  J.  T.  Haruison,  M.l.C.E. 

After  noticing  tlie  gradual  deterioration  which  the  Iiarliours  of  Great 
Britain  are  undergoing,  the  'paper  gave  as  the  causes  of  these  effects,  the 
action  of  fresh  water,  of  the  tidal  wave — the  wind  waves,  aiul  springs,  and 
atmospheric  changes,  dwelling  piincipally  upon  the  tidal  and  wind  waves. 
Professor  Airy's  and  Mr.  Scott  Russell's  views  on  the  positive  wave  of 
translation  (first  order),  and  the  oscillating  wave  (second  order),  were  ex- 
amined ;  the  peculiarity  of  the  former  being,  that  the  motion  of  the  whole 
mass  of  the  water  was  in  the  same  direction  as  that  of  the  wave  itself; 
whilst,  in  the  latter,  (he  motion  of  the  water  was  alternately  ojiposed  to, 
and  in  the  direction  of,  the  wave.  The  tidal  wave  was  considered  as  a  purely 
oscillating  wave  in  the  open  sea,  changing  its  character  as  it  passed  into 
shallow  water.  It  was  supposed  that  a  wave  of  tlie  tirst  order  ^^'as  generated 
■whenever  the  water,  heaped  up  by  a  projecting  headland,  passed  and  made 
its  escape  into  the  adjoining  water,  at  a  lower  level,  and  that  it  carried  with 
it  gravel  and  shingle  into  mid-channel.  The  regularity  of  the  bottom  of  the 
English  Channel,  and  the  material  of  which  it  is  composed,  were  instanced, 
to  prove  that  the  bottotn  was  now  in  progress  of  formation  from  the  aqueous 
action  of  this  deposition  of  matter.  The  effects  of  the  tidal  wave  along 
the  coasts  at  Poole,  and  in  the  Isle  of  Wight,  were  given,  to  show  that  such 
a  wave  of  translation  was  generated  and  crossed  the  Channel,  from  the  De- 
partment de  la  Manehe.  The  results  of  a  series  of  experiments  upon  the 
action  of  waves  on  transportable  materials  showed  that  certain  definite  forms 
were  assumed  by  sand  or  shingle,  under  given  circumstances— for  instance, 
that  the  depth  of  the  end  of  the  foreshore  below  the  water  depended  upon 
the  size  and  character  of  the  wave  acting  upon  it.  It  was  urged  that  the 
end  of  such  a  foreshore  was  to  be  found  at  90  or  100  fathoms  under  water, 
stretching  from  Usliant  to  the  south-west  coast  of  Ireland,  and  that  the 
tidal  wave,  in  its  progress  up  the  channel,  drew  down  to  the  mouth  the 
material  thrown  into  it  by  the  waves  of  translation  from  the  headlands. 
The  accumulative  action  was  seen  in  the  carriage  of  sand  through  the  Straits 
of  Dover  to  be  deposited  on  the  sand  banks  of  the  North  Sea. 

Ueferiing  to  Mr.  I'almer's  paper  "  On  Shi'.yle  Beaches,"  the  destructive, 
accumulative,  and  progressive  actions  of  the  wind  waves  were  considered. 
The  cases  most  favourable  for  the  display  of  the  effective  actions  of  each 
were  adduced.  The  influence  of  tides  by  varying  the  height  of  the  water, 
and  that  of  an  on-shore  wind  in  facilitating  the  destructive  action,  by  retain- 
ing the  water  at  a  higher  level,  were  pointed  out.  A  flat  foreshore,  was 
shown  to  prevent,  in  a  great  degree,  the  destructive  action  ;  whilst,  on  the 
other  hand,  deep  water,  whether  from  a  strong  in-shore  tidal  current,  or 
from  other  causes,  had  a  contrary  effect,  facilitating  encroachments  on  the 
coast.  The  jirogrcssive  action  was  shown  to  depend  principally  upon  the 
angle  at  which  the  waves  strike  the  beach.  The  general  question  of  the 
travelling  of  shingle,  and  of  its  ultimate  destination,  was  considered  at  great 
length — instancing  particularly  the  accumulation  of  shingle  at  the  Chesil 
Bank  and  Dungeness.  The  state  of  the  Great  Western  Bay,  between  the 
Start  Point  and  Portland,  was  examined,  and  arguments  were  offered  to 
show  that  it  had  been  formed,  in  a  great  measure,  by  the  encroachment  of 
the  sea.  The  process  of  this  encroachment,  and  the  alteration  in  the  mouths 
of  the  estuaries  falling  into  the  bay,  were  analysed  ;  and  extracts  were  given 
from  Sir  11.  De  la  Heche's  work  on  the  geology  of  Devon  and  Cornwall,  to 
prove  that  this  process  was  still  in  operation.  The  summary  of  the  argu- 
ments  in  the  papers  was,  that  the  observed  changes  in  our  coasts  and  the 
mouths  of  the  rivers  were  the  result  of  the  combined  action  of  the  wind 
wive,  and  of  the  tidal  wave ;  and  the  attention  of  engineers  was  particularly 
directed  to  these  actions  in  different  localities,  in  order  that,  by  presenting 
to  the  Institution  the  result  of  their  observations,  an  invaluable  coUectiun  of 
recorded  facts  might  be  assembled,  which  would  be  of  great  benefit  to  the 
profession,  and  to  the  scientific  world. 

Mai/  16. — This  evening  was  occupied  with  a  discussion  on  Mr.  Gooch's 
paper  "  (ju  the  Resistance  to  Railwai/  trains  at  different  Velocities,"  read  at 
the  meeting  on  April  18. — [See  Journal,  ante  p.  155.] 

The  principal  speakers  were  Messrs.  Brunei,  Gooch,  Bidder,  Locke,  Hard- 
ing  and  Russel),  and  their  arguments  were  necessarily  so  complicated  by 
calculations  as  to  render  it  difficult  to  convey,  within  reasonable  limits,  even 
an  outline  of  the  discussion.  It  was  contended  on  one  side  that  the  subject 
had  been  so  treated  in  the  paper  as  to  make  it  almost  a  question  of  the 
comparative  gauges;  that  the  experiments  upon  which  the  arguments  were 
founded  could  not  be  received  as  applicable  to  railways  in  general,  inasmuch 
as  it  was  presumed  from  the  statements  that  the  portion  of  the  line  was 
selected  as  being  in  the  best  working  condition  ;  that  the  engine  and  the 
carriages  were  also  picked  as  being  in  the  best  order ;  and  that  therefore  the 
results  were  due  to  these  peculiar  circumstances,  and  not  to  the  ordinary 
working  state  of  the  line ;  that  the  amount  of  resistance  per  ton  was  under- 
stated by  Mr.  Gooch  on  these  accounts,  and  that  the  rate  of  resistancei 
arrived  at  by  the  committee  of  the  British  Association,  by  projecting  trains 


of  carriages  down  inclined  planes,  was  nearer  the  truth  than  the  e.xpression 
of  resistance  arrived  at  with  the  locomotive  and  the  dynamometer  ;  that  the 
tables  were  partly  made  up  from  the  actual  results  of  the  experiments  and 
by  using  .Mr.  Harding's  formulic,  which  had  been  repudiated  in  other  cases 
as  incorrect;  that  the  greater  weight  of  the  trains  in  the  late  experiments, 
as  compared  with  those  of  the  British  Association,  &c.,  reduced  the 
value  of  the  deductions;  that  the  atmospheric  railway  could  alone  give  the 
resistance  due  to  the  frontage,  which  was  not  given  when  a  locomotive  was 
used,  as  it  covered  a  portion  of  the  carriage  frontage,  and  the  dynamometer 
being  behind  the  engine,  the  resistance  of  the  train  of  carriages  alone  could 
be  arrived  at;  and  that  the  valuation  of  the  pressure  of  the  wind  upon  the 
train  at  various  angles  w,-,s  not  satisfactory.  Such  was  the  general  tenor  of 
the  arguments  ;  and  on  the  other  side  it  was  urged  that  .Mr.  Gooch  had 
endeavoured,  as  much  as  possible,  to  avoid  introducing,  in  any  degree,  the 
question  of  the  gauges,  and  to  give  the  actual  results  of  the  experiments,  in 
order  that  any  persons  examining  them  might  draw  bis  own  conclusions  ; 
that  the  portion  of  the  line  on  which  Jlr.  Gooch's  experiments  were  tried 
was  not  selected  for  its  good  condition  ;  that  it  was  fixed  upon  by  Mr. 
Brunei  himself  only  the  night  iireviously  to  the  experiments,  and  was  not 
that  part  which  had  been  originally  intended  to  be  used;  that  the  engine 
and  carriages  were  such  as  could  be  spared  from  the  working  stock  and  were 
not  picked — in  fact,  that  they  were  not  the  best  of  their  class;  that  there- 
fore the  results  were  not  due  to  peculiar  circumstances,  but  were  those  of 
the  average  working  of  the  line;  but  that  even  had  the  line,  engine,  and 
carriages  being  selected,  engineers  would,  from  the  results,  have  been  able 
to  make  allowances  for  other  cases,  and  that  the  value  of  the  experiments 
would  not  have  been  diminished ;  that  it  was  believed  that  in  descending 
Wootton  Basset  incline  by  gravity,  without  the  aid  of  an  engine,  a  greater 
velocity  had  been  attained  than  the  maximum  recorded  in  the  experiments 
of  the  British  Association  ;  that  the  tables  were  divided  into  columns,  dis- 
tinctly showing  what  resulted  from  experiment  and  what  from  the  use  of 
formula;;  that  it  was  impossible,  with  engines  of  the  ordinary  weight,  as 
now  constructed,  with  an  ordinary  train,  to  limit  the  experiments  to  such 
small  weights  as  had  been  formerly  used ;  that  in  all  cases  the  surface  of  the 
locomotive  was  allowed  for  in  calculating  the  frontage  resistance;  that  it 
was  expressly  stated  in  the  paper  that  the  apparatus  for  the  wind  gauge  was 
not  so  satisfactory  as  could  iiave  been  desired,  and  therefoie  its  results  we.re 
kept  separate  in  the  tables;  that  Mr.  Gooch  had  not  intended  to  cast  any 
reflections  upon  the  former  experimentalists,  but  merely  to  point  out  the 
errors  into  which  he  thought  they  had  fallen,  and  to  induce,  by  his  experi- 
ments, others  which  should  fix  more  certainly  the  amount  of  resistance ; 
this,  it  was  still  contended,  was  less  than  bad  been  formerly  stated,  and 
although  other  experiments  would  be  necessary  to  set  the  question  com- 
pletely at  rest,  it  was  unanimously  agreed  that  Mr.  Gooch's  experiments  and 
paper  were  very  valuable  contributions,  and  it  was  hoped  he  would  continue 
his  observations  on  this  most  iuteiesting  subject. 


ROYAL  INSTITUTE  OF  BRITISH  ARCHITECTS. 

On  the  8th  ult.,  a  special  meeting  of  the  Institute  was  held,  to  lake  into 
consideration  a  memorial  submitted  to  the  council  in  April,  184  7,  urging  the 
lormatiou  by  the  Institute,  of  a  bene^■olent  fund  for  the  less  fortunate  mem- 
bers of  the  profession,  signed  by  thirty. four  architects.  Mr.  Bellamy,  Vice- 
President,  laid  before  the  meeting  a  summary  of  the  proceedings  which  had 
been  taken  upon  it,  the  result  of  which  was,  that  the  council  had  adopted 
the  report  of  a  joint  committee  (part  memorialists,  part  members  of  council), 
advising  the  foimation  of  such  a  fund,  and  recommended  it  to  the  considera- 
tion of  the  members  at  large.  The  rule  of  the  Artists' Benevolent  Fund, 
that  recipients  must  be  authors  of  "  works  known  and  esteemed  by  the 
public,"  would  shut  out  many  deserving  members  of  the  profession,  and 
those  connected  with  it.  Communication  had  been  opened  with  the  officers 
of  that  fund,  by  some  who  thought  that  the  desired  end  might  be  better 
attained  by  an  arrangement  with  them  than  by  a  fresh  fund.  A  long  dis- 
cussion followed  as  to  the  mode  of  carrying  out  the  views  of  the  memorial- 
ists, and  as  to  the  necessity  for  the  fund.  An  opinion  was  generally  ex- 
pressed, that  if  raised  at  all,  it  was  quite  unnecessary  to  give  the  administra- 
tion of  it  to  another  society.  L'ltiiuately,  on  the  motion  of  Mr.  Angell,  a 
resolution  was  jiassed,  declaring  the  importance  of  establishing  such  a  fund, 
and  appointing  a  committee  of  nine,  to  consider  in  what  way  it  could  best 
be  effected,  and  to  report  hereafter. 

May  15. — Mr.  J.  W.  Papworth  read  a  paper  in  illustration  of  some 
drawings  of  Proaneste,  ancient  and  modern  ;  and  Mr.  J.  Thomson  read 
some  observations  on  the  ancient  village  church  of  Leigh-de-la-Mere, 
\Yilts. 

Mr.  Jnijell's  Conversazione. — On  the  25th  a  conversazione  was  given  by 
Mr.  Angell,  Vice-President  of  the  Institute  of  British  Architects,  at  his  re- 
sidence in  Gower-street,  which  was  attended  by  all  the  leading  members  of 
the  architectural  profession,  the  Marquis  of  Northampton,  and  the  heads  of  the 
scientific  world.  Many  works  of  art  were  exhibited,  and  much  gratification 
was  expressed  at  the  valuable  example  set  by  Mr.  Angell  to  his  colleagues,  io 
affording  such  a  reunion  to  the  professors  of  architecture. 
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ON  FLAME  AND  GASES. 

Professor  Faraday  lately  read  a  paper  at  the  Knyal  Institution,  "  On  the 
Siamagnetio  Condilion  of  Flame  and  Gases."— Mr.  Faraday  having  briefly 
recapitulated  the  chief  subjects  of  his  recent  research  into  tlie  magnetic  con- 
dition of  matter,  proceeded  to  state  a  still  more  recent  extension  of  these  re- 
searches made  by  Prof.  Bancalari  at  Venice.  Prof.  Bancalari  has  shown  that 
iiame,  when  placed  between  the  poles  of  a  powerful  magnet,  becomes  rfia- 
magtielic  {i.  e.  spreads  out  in  the  plane  which  is  perpendicular  to  the  line 
joining  the  poles  of  tlie  magnet).  Prof.  Faraday's  object  was — first,  to  re- 
move  certain  misapprehensions  of  his  own  published  opinions  in  regard  to 
this  phenomenon  ;  and,  secondly,  to  give  a  philosopliical  account  of  it.  Re- 
ferring  to  his  "  Experimental  Researches,"  in  the  Philusojihical  Transactions, 
read  in  1845  (pars.  2123,  2433, 2435),  he  showed  that  lie  had  never  asserted, 
as  had  been  ivoagined,  that  the  gases  were  not  subject  to  magnetic  action  ; 
but  merely  that  his  experiments  had  not  then  established  that  they  were 
affected  by  that  force.  The  causes  of  this  magnetic  influence  were  then 
considered.  Flame  was  dissected,  and  its  complicated  nature — consisting  of 
solid  matter,  of  a  surrounding  film  of  heated  air,  and  of  gaseous  products  of 
combustion — was  experimentally  demonstrated.  The  following  experiments 
were  then  exhibited  to  prove  (a)  that  hot  air  is  diamatjnetic  with  reference 
io  cold  ait — (^)  that  carbonic  acid  gas,  a  product  of  comJntstion,  is  diamag- 
netic — {c)  that  carl/on,  which  is  liberated  during  combustion,  and  imparts 
iuminosity  to  flame,  is  also  diamagnetic. 

(a)  Hot  air  is  diamagnetic  with  reference  to  cold  air.  Tlte  hot  air  rising 
from  a  glowing  spiral  of  platina  wire,  placed  between  the  poles  of  a  powerful 
electro-magnet,  was  proved  to  be  bent  aside  by  the  fact  of  its  inflaming  a 
piece  of  phosphorus  in  the  equatorial  plane  on  either  side  of  the  red-hot 
platinum  while  the  magnet  was  active,  and  also  by  its  not  firing  the  phos- 
phorus (as  v\ould  happen  in  the  ordinary  condition  of  things)  when  this 
substance  was  placed  immediately  above  the  heated  wire. 

(A)  Carbonic  acid  gas  is  diamagnetic.  This  was  proved  by  a  jet  of  that 
gas  being  made  to  diverge  from  the  perpendicular  downward  current,  which 
its  gravity  would  cause  it  to  take,  into  a  flask  of  limewater  (which  it  rendered 
turbid)  placed  in  the  equatorial  plane. 

(c)  Solid  carbon  is  diamagnetic.  It  was  shown  that  the  smoke  of  a  taper, 
•when  placed  beneath  the  axial  line,  divided  itself,  as  flame  was  made  to 
divide,  into  two  streams  in  the  equatorial  plane,  each  on  either  side  of  this 
axial  line. 

The  singular  condition  of  oxygen  gas,  in  being  far  less  diamagnetic  than 
the  other  gases,  and  therefore  appearing  as  if  magnetic,  like  iron,  when  sur- 
rounded by  other  gases  or  air,  was  demonstrated  by  its  carrying  a  cloud  of 
muriate  of  ammonia  (itself  diamagnetic)  to  Ihe  poles  of  the  magnet,  around 
■which  it  seemed  to  gyrate  in  vortices. 

.  Mr.  Faraday  concluded  by  noticing  the  apparently  exceptional  case  of 
'flame  penetrating  the  pierced  poles  of  a  magnet,  and  coming  through  them 
.Ti  an  axial  line.  He  showed  that  in  this  case  the  maximum  of  force  was  not 
'n  this  line,  but  in  the  circle  of  lines  forming  the  edges  of  the  hollow  cylin- 
der drilled  through  the  poles.  Therefore — inasmuch  as  the  force  in  the 
Tacant  space  was  feebler  than  the  force  at  its  solid  circumference — flame, 
which  always  goes  away  from  the  spot  where  the  force  is  strongest  to  the 
.spot  where  it  is  weakest,  penetrated  the  hollow  axis  of  the  cylinder. 


PROCESSES  FOR  UNITING  METALS  AND  METALLIC 
ALLOYS. 

At  a  recent  meelinj;  of  the  Berlin  Academy  of  Sciences,  M.  Pulbrich, 
founder,  of  Hambursh,  communicated  an  account  of  his  processes  for  firmly 
uniting  metals  or  metallic  alloys,  which  possess  difl'erent  properties  and 
values,  such,  for  example,  as  bar-iron  with  cast-iron,  gun-metal  with  cast- 
iron,  and  thus  to  obtain  pieces  of  mixed  metal  suitable  to  make  clasps, 
girders,  panel  squares,  railway  bearings,  wheels,  axle-trees,  and  other 
parts  made  use  of  in  machinery  and  in  building,  possessing  the  weight  and 
the  cohesion  required,  but  much  harder  and  more  resistent  in  certain 
parts  than  inothers.  The  following  is  the  process  adopted,  as  described 
by  Ihe  inventor  : — 

"  To  Unite  Bar-iron  to  Cast-iron. — In  order  to  unite  bar-iron  to  cast- 
iron — to  make,  for  instance  a  bar  of  rectangular  girder,  of  which  one- 
fourth  the  thickness  shall  consist  of  bar-irou,  and  the  three  other  parts  of 
cast-iron,  or  rather  in  the  combination  of  o]ie  volume  of  these  metals  in 
any  proportions,  I  proceed  as  follows :— I  take  a  bar  of  iron,  of  the  re- 
quired thickness,  and  I  plunge  it  into  a  cleaning  bath  composed  of  nitric 
acid  or  any  other  acid  diluted  with  water.  1  theu  take  it  out  of  the 
cleaning  bath,  expose  it  to  a  red  heat  in  a  furnace,  and  plunge  it  again 
into  the  cleaning  bath  ;  by  means  of  these  operations,  I  get  rid  of  all  Ihe 
oxide  from  the  surface  of  the  meial.  To'  remove  from  this  bar  any  acid 
■which  might  remain,  I  wash  it  with  any  alkaline  solution  (for  instance,  sal 
ammoniac),  and  I  immediately  plunge  it  into  a  bath  of  melted  tin,  where 
I  allow  it  to  remain  until  it  has  become  well  tinned  over  its  whole  surface. 
This  done,  I  apply  to  the  tinned  iron  at  the  side  where  it  is  to  be  united 
•with  the  cast-iron,  an  alloy  or  solder  composed  of  copper  and  tin,  in  the 
proportions  of  five  parts  of  copper,  and  95  of  tin.    The  bar  of  iron  thus 


prepared  is  then  introduced  to  the  bottom  of  a  mould  of  (he  form  and 
dmiensions  corresponding  to  the  bar  which  it  is  wished  to  be  produced 
and  It  IS  kept  down  by  iron  bolls  or  nails,  w  hich  have  previously  been 
well  tinned  ;  tlie  cast  iron  is  then  poured  in  a  liquid  slate  on  the  bar  of 
iron,  until  the  mould  is  filled.  In  this  slate,  a  fusion  takes  place  at  the 
surface  of  the  iron  in  contact  with  the  liquid  cast  nielal,  and  under  the 
influence  of  the  alloy  of  solder  of  copper  or  tiu  interposed,  Ihe  two  pieces 
of  bar-iron  and  cast-iron  unile  so  firmly  the  one  to  the  oilier,  Ihat  it  is 
almost  impossible  to  separate  them. 

''To  Unite  Sled  with  Cast-iron.— Follow  exactly  the  same  process  as 
above  described. 

"  To  Unite  Copper,  Bronze,  Gun-Melal,or  Brass,  with  Cast  /™«.— These 
alloys,  as  well  as  all  those  of  copper,  can  be  uiiiled  by  exactly  similar 
means  to  those  above  described  ;  except  Ihat  instead  of  clearinL'  the  sur- 
faces of  the  alloys  by  means  of  acid  and  alkaline  solutions  as  above  men- 
tioned, the  surfaces  shoulil  be  filed,  and  lh»  union  with  the  cast-iron 
elfecled  at  the  lowest  temperalure  possible,  iu  order  that  the  bar  of  alloy 
might  not  be  melted. 

"  The  proportion  indicated  above  for  the  composition  of  the  alloy  or  solder 
is  that  which  appears  the  most  suitable,  where  ihe  pieces  of  metal  to  be 
united  are  of  moderate  dimensions;  but  when  they  exceed  moderate  di- 
mensions, it  will  be  better  to  increase  the  proportion  of  copper  employed. 

"  In  the  examples  given  above,  it  is  supposed  that  the  difl'erent  metals 
were  united  toselher  on  one  side  only  ;  but  one  of  these  metals  may  be 
united  at  two  sides,  or  at  two  opposite  or  adjacent  faces,  to  the  other 
metals,  or  even  covered  throughout  its  entire  surface.  Further,  the  pieces 
of  nielal  may  have  a  curvilinear,  angular,  or  any  olher  form,  and  the 
mnianuer  of  ouldiug  may  be  varied  according  to  the  rules  which  practics 
has  long  since  furnished  in  foundries." 


THE  EFFECTS  OF  ZINC  ON  IRON. 

A  letter  from  Mr.  James  Nasmyth,  of  Riidgewater  Foundry,  Patricroft 
near  Manchester,  to  the  Mining  Jonrnnl,  communicates  the  results  of  some 
experiments  recently  made  at  the  desire  of  Ihe  Lords  of  the  Admiralty, 
with  a  view  to  determine  whether  old  iron  that  had  been  galvanised,  or 
coated  with  zinc,  was  rendered  unfit  for  being  again  norked-up.  The 
results  of  these  experiments  seem  to  prove  Ihat  the  quality  of  the  iron 
is  improved  instead  of  being  deteriorated  by  the  zinc  combined  with  it. 
The  following  is  Jlr.  Nasmjth's  report  of  the  experiments  : — 

"  A  piece  of  galvanised  iron-wire  rope  was  welded  up  inloa  bar,and  put 
Io  the  most  se\ere  test.  In  the  first  place  it  was  found,  Ihat  although  the 
iron-wire  was  quite  covered  wiih  metallic  zinc,  which,  although  partially 
driven  ofl"  iu  the  process  of  welding,  yet,  so  far  from  the  presence  of  the 
metal,  or  its  oxide,  presenting  any  impediment  to  the  welding  of  Ihe  iron 
(as  in  the  case  of  lead),  the  iron-wire  welded  with  remarkable  ease  ;  and 
the  result  was,  a  bar  of  remarkably  lough,  silvery-grained  iron,  which 
stood  punching,  splitting,  twisting,  and  bending,  in  a  manner  such  as  to 
show,  that  the  iron  was  not  only  excellent,  but,  to  all  appearance,  actually 
improved  in  quality  in  a  very  important  degree. 

"  Encouraged  by  such  a  result,  a  still  further,  and  even  more  severe,  trial 
was  made — viz.:  by  welding  up  a  pile  of  clippings  of  galvanized  iron- 
plates,  or  sheet-irou,  covered  with  zinc,  as  in  the  former  experiments.  The 
presence  of  the  zinc  appeared  to  oiler  no  impediment  to  the  welding,  and 
the  result  was,  a  bloom  or  bar  of  iron — Ihe  fracture  of  which  presented  a 
most  remarkable  and  beautiful  silvery  grain — as  good,  if  not  superior,  in 
aspect  to  the  finest  samples  of  '  Low  Moor'  or  '  Bowling '  iron.  Bloom 
of  this  iron  were  rolled  out  in  rods,  and  tested  io  the  cable-proving 
machine,  and  the  result  indicated  from  5  to  10  per  cent,  higher  slrength 
than  Ihe  best  samples  of  wroughl-iron — thus  establishing  the  fact,  that,  so 
far  from  the  presence  of  zinc  being  destructive  to  the  strength  and  tenacity 
of  vvrought-iron,  the  contrary  is  the  case. 

"  I  may  mention,  that  bars  of  iron  were  heated  to  a  welding  beat,  pre- 
pared by  Scarf  for  sheathing,  in  the  usual  manner;  and,  on  drawing  them 
from  the  fire,  for  being  welded,  a  handful  of  zinc  filings  was  thrown 
on  the  welding  hot  surface,  and  the  welding  proceeded  with.  In  this 
severe  test  no  apparent  impediment  to  the  process  resulted  ;  the  iron 
■welded  as  well  as  if  no  zinc  had  been  present." 

Mr.  Nasmyth  infers  from  these  experiments,  that  some  improvement 
might  be  made  in  the  manufacture  of  iron,  by  the  introduction  of  metallic 
zinc  in  Ihe  puddling  furnace.  In  corroboratiou  of  this  opinion,  he  adduces 
the  fact  that  the  strongest  cast-iron  made  in  Belgium,  and  selected  for 
the  casting  of  guns,  is  made  from  au  iron  ore  in  which  the  ore  of  zinc 
forms  a  considerable  portion. 

Mr.  Leighton,  of  Owmammon,  following  up  the  suggestion  of  Mr. 
Nasmyth,  has  communicated  other  applications  of  zinc  to  iron,  which  he 
had  devised  for  the  purpose  of  bringing  anthracite  coal  more  into  use. 
His  object  was  the  preparation  of  pure  oxide  of  zinc  to  be  used  as  paint, 
for  iron-work  more  especially,  for  making  joints,  &c.,  in  lieu  of  white- 
lead."  If,"  he  observes,  "  people  could  be  once  induced  to  make  a  trial  of 
anthracite  coal,  worked  by  a  blast,  for  several  manufacturing  operations, 
the  value  of  this  peculiar  fuel  would  be  established.  It  only  requires  a 
beginning ;  it  is  quite  possible  to  treat  the  sulphuret  of  zinc — a  very 
abundant  ore,  known  as  blende,  or  black  jack — so  that  pure  oxide  of  zioc 
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and  salpliuric  acid  should  be  prepared  by  ihe  same  operation.  This  would 
be  a  very  profitable  business,  and  create  a  tonsuniption  for  a  considerable 
quantity  of  the  ore  ;  but  at  the  present  price  of  the  metal,  it  would  even 
pay  handsomely  to  prepare  oxide  of  zmc  from  speller.  Say,  in  round 
numbers,  4  cwt.  of  speller,  worth  £2  10s.,  woidd  yield  Ti  cwt.  of  oxide 
of  zinc,  which,  at  the  price  of  ilry  white-lead,  would  be  worth  £0  ;  ibe 
cost  of  labour  and  fuel  being  trivial,  there  would  be  a  prolit  of  foraething 
like  cent,  per  cent." 


SUPPLY  OF  AVATER  FROM  THE  NEW  RED  SANDSTONE. 

A  paper  "  On  the  Siippli/  of  the  Town  of  Liverpool  with  Water  from 
Shafts  sunk  m  the  .Veto  l\ed  iandstone,"  was  lately  read  at  the  Polytechnic 
Institution,  Colquitt-street. — After  some  observations,  as  to  the  importance 
of  a  plentiful  supply  of  pure  water,  the  lecturer  remarked  that  the  original 
source  of  all  water  found  in  the  earth  is  the  rain  which  falls  from  the  clouds. 
Though  the  fall  of  rain  at  Liverpool  was  only  about  3G  inches  per  annum,  in 
the  interior  and  hilly  parts  of  the  country  it  was  far  greater :  for  instance,  in 
1845,  there  fell  at  S'eathwaite  151  inches;  Grasmere,  121 ;  Buttermere,  87  ; 
Keswick,  C2  ;  Whitehaven,  49;  Cockermouth,  47  ;  and  at  Manchester,  the 
fall  averages  about  41  inches.  He  had  examined  various  springs  in  the  new 
red  sandstone,  and  had  never  found  any  above  the  mean  temperature  of  the 
climate;  and  concluded,  therefore,  that  those  in  the  new  red  sandstone  were 
entirely  supplied  from  the  rain  which  falls  from  the  clouds,  estimated  in 
that  district  at  3G  inches  per  annum.  Allowing  18  inches  for  evaporation 
and  vegetation,  would  leave  18  inches  absorbed  and  stored  in  the  earth  every 
year,  giving  392,040  gallons  per  acre,  or  250,005,600  gallons  per  square 
mile.  He  maintained  that  the  strata  of  the  new  red  sandstone,  at  a  level 
below  the  surface  of  the  sea,  are  naturally,  fully,  thoroughly,  and  permanently 
saturated  with  water ;  and  that  any  shaft  or  excavation  sunk  to  tliat  depth, 
will  always,  through  lateral  percolation,  be  full  of  water  to  that  height.  He 
considered  '.be  most  desiderahle  mode  would  be  to  sink  shafts  from  1,000  to 
2,000  feet  deep,  which  would  pierce  a  stratum  highly  saturated  with  water, 
and  which  would  he  filled  to  within  a  short  distance  of  the  surface.  He 
objected  to  the  plan  proposed  by  some  persons  to  he  adopted,  that  of  bring- 
ing surface  water  from  a  distance,  as  all  such  was  impregnated  with  millions 
of  myriads  of  animalculae,  to  the  great  detriment  of  public  health.  In  con- 
clusion, he  stated  as  his  decided  conviction,  that  the  strata  of  the  new  red 
sandstone  formation  are  not  yet  exhausted  of  their  water,  neither  do  they 
show  any  symptoms  of  exhaustion,  neither  is  it  possible  to  exhaust  them,  so 
long  as  they  maintain  their  present  constitution  and  geological  position  ;  so 
long  as  they  consist  of  innumerable  beds,  of  variable  hardness,  and  of 
variable  porosity  ;  so  long  as  they  are  capable  of  lateral  percolation  ;  so  long 
as  the  hydrostatic  pressure  of  the  sea  enables  them  to  keep  their  lower  beds 
at  the  full  point  of  saturation  ;  so  long  as  their  upper  beds  are  greedily  ab- 
sorbant  of  water ;  and  so  long  as  Nature,  in  her  bountiful  beneficence,  is 
annually  pouring  down  upon  them  more  than  500,000,000  gallons  of  water 
upon  every  square  mile  of  their  surface. 


THE  VENTILATION  OF  TOWNS. 

We  have  received  from  a  correspondent  at  Liverpool,  a  descrip- 
tion of  a  plan,  which  he  has  for  a  long  time  considered,  for  effec- 
tually securing  the  ventilation  of  large  towns ;  and  if  capable  of 
heing  carried  into  practice,  it  would  have  the  effect  of  not  only- 
ventilating  the  houses  in  crowded  neighbourhoods,  but  it  would 
also  purify  the  drains,  the  exhalations  from  which  are  frequently 
the  cause  of  disease  throughout  large  districts.  The  communica- 
tion is  too  lengthy  to  be  given  entire  ;  we  shall  therefore  only 
extract  those  portions  describing  the  proposed  plan,  which  may  be 
thus  briefly  stated.  It  is  proposed  that  in  each  town  one  or  more 
large,  high  chimneys  shall  be  built,  with  which  all  the  main-drains 
shall  communicate  ;  and  that  the  lire-places  of  each  house,  instead 
«if  having  chimneys  carried  through  the  roof,  shall  have  flues 
carried  below  and  entering  the  drains.  At  the  bottom  of  each  of 
the  large  ventilating  chimneys,  fires  are  to  be  kept  burning  for  the 
purpose  of  causing  sufficient  draught.  This  ])lan,  which  carries 
out  on  an  extentled  scale  the  mode  adopted  in  ventilating  the 
Houses  of  Parliament  and  other  large  buildings,  offers  important 
advantages  as  a  sanitary  measure,  and  ought  not  therefore  to  be 
discarded  as  impracticable  without  due  consideration.  The  writer, 
who  is  an  engineer,  affirms  that  he  has  tested  its  practicability,  by 
detailed  calculations.  We  will  now  let  him  develope  the  plan  in 
his  own  words  : — 

"  It  is  proposed,  that  all  house  and  factory  chimneys  be  discon- 
tinued ;  that  the  smoke  and  products  of  combustion,  instead  of  as- 
cending as  heretofore,  and  being  discharged  at  the  roof,  be  made 


to  descend,  pass  into  the  house-drains,  and  through  them  into  the 
public  sewers ;  the  factories  having  special  communication  for 
themselves. 

"  It  is  further  proposed,  that  the  sewers  be  arranged  to  converge 
and  join  into  larger  or  main  sewers,  which  would  be  conducted 
through  the  town,  to  the  highest  and  least-occupied  ground  in  the 
vicinity,  where  these  mains,  culverts,  <ir  tunnels,  would  terminate 
in  chimneys  of  great  height  and  capacity,  placed  at  suitable  dis- 
tances apart;  and  in  these  chimneys,  fires  would  be  maintained  con- 
stantly burning,  for  the  purpose  of  creating  the  necessary  draught 
Besides  the  communications  for  withdrawing  the  smoke  from  the 
house-fires,  the  writer  proposes  to  provide  orifices  in  each  apart- 
ment, connected  with  the  drains,  which  could  be  opened  and  shut 
by  the  inmates  at  pleastire,  and  there  would  also  be  openings  at 
suitable  distances  along  each  court,  lane,  and  street,  communi- 
cating with  the  sewers.  Still  more  clearly  to  illustrate  his  views, 
suppose  we  take  the  case  of  Liverpool,  with  the  situation  of  which 
the  writer  hapjiens  to  be  acquainted.  Let  us  presume  that  f<nir 
or  five  large  chimneys  were  erected  along  the  brow  of  the  hill 
which  bounds  that  town  to  the  east, — one  to  provide  for  ventilation 
of  the  north-end,  one  for  the  south-end,  and  two  or  three  for  the 
middle  district ;  that  leading  tunnels  were  driven  downwards 
towards  the  river,  which  tunnels  would  communicate  laterally  witli, 
and  receive  the  air  and  smoke  from,  the  street  sewers.  Then,  let 
us  see  how  this  plan  would  operate: — Suppose  a  powerful  current 
upwards,  was  established  in  the  large  chimneys,  tunnels,  and 
sewers,  it  follows  th.it — Firstly,  the  sewers  and  drains  themselves 
would  no  longer  give  forth  noxious  exhalations.  Secondly,  by 
opening  the  apertures  in  the  streets  and  courts,  we  would  with- 
draw the  impure  air,  and  produce  a  constant  influx  of  pure  air, 
which  would  descend  from  above.  Thirdly,  by  opening  the 
orifices  in  the  houses  and  apartments,  although  they  were  crowded 
with  inmates,  yet  the  vitiated  air  would  be  so  rapidly  removed,  and 
replaced  by  that  both  fresh  and  pure,  that  no  injurious  conse- 
quences wiiuld  ensue.  Fourthly,  there  would  be  no  more  smoke  or 
sulphurous  vapour  to  destroy  healtli,  and  soil  everything  exposed  to 
its  vile  influeiu'e  ;  tlie  murky  clouds  which  envelope  our  manufac- 
turing cities  would  disapjiear,  and  give  place  to  clear  skies  and  a 
pure  invigorating  atmosphere. 

"  But  it  will  be  said,  there  would  be  serious  difficulties  to  contend 
with  in  the  executiiui  of  such  a  plan  :  this  is  granted — but  they  are 
far  from  being  insuperable  ;  in  ])roof  of  which,  the  writer  will  now 
proceed  to  consider  some  of  them,  only  avoiding  matters  of  engi- 
neering detail.  It  may  be  objected  that  such  a  scheme  would 
prove  costly  :  it  is  not  denied  that  it  would  require  the  outlay  of 
a  large,  though  by  no  means  extraordinary,  sum  of  money;  but  can 
we  expect  to  realise  great  benefits  without  proportionate  ex- 
penditure ?  If  it  cost  a  million  to  supply  such  a  town  as  Liver- 
pool with  water,  why  should  we  grudge  a  very  much  smaller  sum 
to  supply  the  same  town  with  air  ?  The  one  is  surely  as  essential 
to  the  well-being  of  the  community  as  the  other ;  and  the  writer 
is  prepared  to  show  that  a  large  saving  of  money  would  accrue, 
which  is  at  present  expended  by  the  adoption  of  such  a  plan,  irre- 
spective of  the  immense  benefit  to  the  public  on  the  score  of 
health.  There  would  be  no  factory  chimneys  to  erect ;  a  great 
saving  in  the  arrangement  for  house-fires,  which  cannot  here  be  de- 
tailed ;  smaller  houses  aiul  smaller  apartments  would  suffice  for  any 
given  number  of  individuals, — consequently,  there  would  be  an 
economyin  building  arrangements,accompaniedbylower  rents.  The 
same  remark  ap])lies  to  streets,  lanes,  and  courts  :  look  at  the  enor- 
mous sums  which  would  be  recpiired  to  alter  and  widen  them,  and  by 
that  means  improve  the  ventilation.  Then  consider  the  control 
which  would  be  vested  in  the  authorities  over  the  public  health. 
At  present,  it  is  in  vain  you  tell  (he  poor  to  go  dwell  in  larger 
houses  and  more  airy  situations, — they  cannot  afford  it.  It  is  in 
vain  you  tell  them  not  to  crowd  together  in  their  wretched  apart- 
ment's, or  they  will  suffer  front  want  of  ventilation.  It  is  in 
vain  you  impi-ess  them  with  the  necessity  of  cleanliness,  and  of 
breathing  untainted  air  :  the  majority  disregard  it, — how  can  they 
do  otherwise .''  But  with  this  plan  in  operation,  let  us  suppose 
fever  to  prevail  in  some  court  or  alley  ;  we  have  only  to  give  direc- 
tions to  unclose  one  or  two  apertures,  and  pure  air  will  flow  in, 
w  eeping  disease  and  death  away." 


Solvent  power  of  Chloroform.— The  powerful  solvent  capabilities  of  chlo- 
roform are  now,  by  experiment,  fully  established.  Caoutchouc,  resin, 
copal  and  gum-lac,  bromine,  iodine,  the  essential  oils,  &c.,  yield  to  its 
solvent  power.  This  property  may,  it  is  believed,  prove  extensively  of  ad- 
vantage in  many  of  tUe  fine  and  useful  arts. 
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LOCOMOTIVE  CARRIAGE  WHEELS. 

Edward  Evans,  of  the  Haigh  Foundry  Company,  has  obtained  a 

patent  for  "cec/rn'it  Improvements  in  the  mode  nf  coiifitructijig  iron 
wheels."— Granted  October  28,  181-7  ;  Enrolled  April  28,  18i8. 

This  invention  consists  in  a  mode  of  securing  tlie  tyre  or  hoop  of 
the  wheel  to  the  spokes  or  inner  rim,  without  the  use  of  bolts  or 
rivets.  The  patentee  effects  this  object  by  using  a  dovetail  groove 
in  the  tyre,  and  a  dovetail  projection  on  the  rim,  which  is  a  method 
that  has  been  previously  adopted,  therefore  he  makes  no  claim  to 
that;  but  tlie  peculiarity  of  his  invention  consists  in  making  the 
groove  larger  than  the  projections,  and  filling  the  interstices  with 
melted  zinc.  In  the  words  of  tlie  specification,  the  patentee 
claims  "  the  maiuifacture  of  wheels  in  wliich  tlie  dovetail  groove 
in  the  tyre  is  wider  at  its  narrowest  part  than  tlie  dovetail  ])ro- 
jeetion  on  the  spokes  or  the  inner  rim  of  the  wheel  is  at  its  widest 
part,  and  the  filling  the  spaces  left  when  the  tyre  is  shrunk  on  with 
melted  metal  or  other  hard  substance.     The  accompanying  section 


of  the  tyre  and  its  junction  with  the  wheel,  will  sufficiently  show 
the  form  of  the  grooves  and  projections.  The  dark  portions  re- 
present the  zinc  or  other  easily-fusible  metal  with  which  the  spaces 
are  filled. 


Locomotive  En-gines. — GEORfjE  IIeaton-,  Birmingham,  engineer, 
has  obtained  a  patent  for  '•^  Improcements  in-  locomotive  enr/inex." 
Granted  November  9, 1847  ;  Enrolled  May  9,  184.8.— The  object  of 
this  invention  is  to  prevent  the  oscillation  of  locomotive  engines  on 
railways  ;  and  the  patentee  endeavours  to  effect  tliis  by  the  appli- 
cation of  counter-balance  weights,  moving  in  an  opposite  direction 
to  the  pistons  of  the  cylinders.  The  mode  of  applying  these  counter- 
balance weights  is  as  follows  : — On  each  end'  of  the  axle  of  the 
driving-wheels  is  placed  a  crank,  to  which  is  united  a  connecting- 
rod  attached  at  the  other  end  to  the  counter-balance  weight,  wliicli 
is  suspended  between  two  rods,  so  as  to  swing  readily  to  and  fro, 
or  it  is  held  between  fixed  guide-rods,  to  admit  of  its  sliding  easily. 
The  counter-balance  weights  should  always  move  in  the  direction 
opposed  to  that  of  the  pistons,  and  should  be  as  heavy  as  the  com- 
bined weight  of  the  pistons  and  the  working-gear. 


Compound  Beams  or  Girders. — Henby  Fielder,  Maida-vale, 
has  obtained  a  patent  for  "  Itnproi^ements  in  iron  heamx  or  girders." 
Granted  November  9,  1847;  Enrolled  May  9,  1848.— The  patentee 
constructs  his  beams  partly  of  malleable,  and  partly  of  cast-iron. 
The  lower  or  tension  flanges  are  made  wholly  or  partly  of  malleable 
iron,  while  the  centre  ribs  and  upper  or  crushing  flanges  are  wholly 
or  partly  of  cast-iron,  according  to  the  duties  they  have  to  perform. 
The  lower  flange  may  be  made  of,  or  strengthened  by  the  addition 
of  malleable  iron,  and  the  centre  rib  and  upper  flange  remain  of  cast- 
iron  ;  or,  the  upper  and  lower  flanges  may  be  of  malleable  iron, 
united  to  the  centre  cast-iron  rib,  and  further  strengthened,  when 
exposed  to  vibration,  by  angle-iron ;  or,  the  perpendicular  ribs 
may  also  be  composed  of  malleable  iron,  when  exposed  to  violent 
concussions.  The  malleable  iron  is  united  to  the  cast-iron  by  hot 
rivetting,  and,  in  all  cases,  in  such  proportion  that  it  shall  be  able 
to  support,  alone,  the  estimated  weight  to  which  the  whole  girder 
may  be  subjected.  The  invention  consists  secondly,  in  the  appli- 
cation of  the  preceding  principle  of  construction  to  the  strengthen- 
long  or  repairing  of  existing  beams  or  girders,  with  such  variation 
of  detail  as  the  particular  case  may  suggest ;  and  thirdly,  to  the 
construction  of  beams  or  girders  composed  entirely  of  malleable 
iron,  in  which  case  the  flanges  are  united  to  the  centre  rib  by 
angle-iron,  the  coupling-joints  headed,  and  the  whole  are  fastened 
together  by  hot  rivetting. 


ELECTRICITY  OF   .MINERAL  VEINS. 
Mr.  Robert  Hvnt  (keeper  of  mining  records  at  the  Museum  of 
Economic  Geology)  lately  delivered  a  lecture  on  the  "  Electricity  of 
Mineral  Veins"  at  the  Royal  Institution,  Albemarle-street. 

The  lecturer  commenced  by  remarking,  that  the  class  of  pheno» 
mena  which  would  form  the  subject  of  consideration  that  evening, 
although  of  the  highest  interest,  had  not  yet  received  so  great  an 
amount  of  experimental  examination  as  their  importance  required; 
and,  as  their  curious  nature  was,  consecpiently,  not  generally 
known,  he  trusted  that,  having  spent  many  days'and  nights  in  the 
mines  of  C^ornwall,  in  tliis  investigation,'  he' should  be  able  to 
interest  his  audience  by  a  narrative  of  the  facts  now  known  as 
well  as  some  of  a  novel  character. 

As  a  preliminary  of  absolute  necessity,  Mr.  Hunt  explained  the 
nature  of  a  mineral  lode  by  the  aid  of  a  beautiful  isometrical 
drawing  of  the  lead  district  of  Nentsford.  A  lode  was,  in  fact  a 
fissure,  formed  by  some  disturbance  of  the  earth,  and  filled  with 
mineral  dejiosits.  Three  theories  prevailed  as  to  the  origin  of 
mineral  lodes ;  in  the  first  place,  they  were  supposed  to  be  con- 
temporaneous with  the  rocks  themselves ;  secondly,  it  was  con- 
ceived, that  fissures  were  filled  by  the  sublimation  of  matter  from 
great  depths  in  tlie  earth  ;  and,  lastly,  that  substances  were  preci- 
pitated from  sidution  in  water,  h  liich  flowed  through  those  great 
rents  in  the  eartli.  A  mineral  lode  was  not  to  be  regarded  as  being 
entirely  composed  of  metallic  substances ;  on  the  contrary,  they 
were  most  fre(iuently  found  containing  a  large  portion  of  earthy 
matter,  amongst  which  the  metallic  ore  was  disseminated.  Among 
the  indications  which  appeared  to  support  the  theory  of  electric^ 
action  in  tliese  formations,  was  to  be  regarded  tlie  regular  dispo- 
sition of  these  substances  on  either  side  of  the  lode.  The  elec- 
trical theory  might  be  exjilained  in  a  few  words.  Ampere  sup- 
posed that  currents  of  electricity  traversed  tlie  earth  from  east  to 
west,  and  these  currents  were  thought  to  influence  the  chemicid 
changes  which  had  gone  on  within  the  fissure  during  the  formation 
of  the  lode,  and  determine  the  order  of  arrangement.  The  most 
striking  conditions  which  appeared  favourable  to  such  a  view  were, 
that  metals  of  various  kinds  were  associated  with  peculiar  cb.sses 
of  rocks — tin  and  copper  being  associated,  in  a  remarkable  manner, 
with  the  primary  rocks ;  whilst  lead  was  found  more  abundantly 
in  the  limestone  formations.  These  rules,  altliough  genera],  were 
not  constant — many  striking  exceptions  miglit  be  named.  In  the 
remarkable  mining  county  of  Cornwall  the  rocks  were  granite, 
killas  or  clay-slate,  greenstone,  and  elvan.  The  mineral  lodes 
were  always  most  abundant  near  the  junction  of  the  slate  and 
granite  rocks ;  they  were  generally  found  in  a  direction  nearly 
from  north-east  to  south-west ;  and  where  they  were  contrary  to 
this,  or  nearly  in  the  line  of  the  magnetic  meridian,  there  was 
almost  invariably  a  great  difference  in  the  character  of  mineral 
substances  contained  in  the  lode.  This  was  shown  by  reference  to 
a  very  large  map  of  C^ornwall,  upon  which  the  lodes  of  lead  and 
copper  were  accurately  marked.  Again,  a  very  remarkable 
parallelism  was  observed  in  most  districts  between  the  directions 
of  the  lodes,  and  the  veins  of  granite  prophyry  (elvan)  which  oc- 
curred in  their  vicinity ;  and  this  fact  had  been  brought  in  support 
of  the  theory,  which  refers  mineral  formations  to  the  action  of 
subterranean  heat. 

The  various  questions  which  arose  out  of  the  phenomena  of 
mineral  veins,  and  their  including  rocks,  had  been  most  ably 
treated  of  by  Sir  Henry  De  la  Beclie,  Mr.  Joseph  Carne,  Mr.  R. 
W.  Fox,  Mr.  John  Taylor,  Mr.  Hopkins,  and  others;  he  would 
not,  therefore,  dwell  on  that  part  of  the  subject. 

Mr.  Hunt  next  considered,  whether  any  of  the  conditions  known 
to  belong  to  the  rock  formations  of  a  mining  district  were  suflS- 
cient  to  produce  electrical  phenomena.  It  had  been  ascertained 
that  granite  was  always  colder  than  slate — a  difference  of  20°  or 
30°  was  always  detected  at  all  depths.  This  difference  might  pos- 
sibly give  rise  to  weak  thermo-electric  currents ;  but,  in  the  ex- 
periments he  had  made  to  ascertain  this  point,  no  such  currents 
had  been  detected.  It  was  also  well  known  that  a  constantly  in- 
creasing temperature  was  discovered  as  we  descended  into  the 
earth.  By  this  means,  it  was  evident  that  any  given  portion  would 
represent  a  bar  unequally  heated.  The  following  table  of  tem- 
peratures, obtained  in  the  rock  and  lode,  exhibited  the  variations 
of  temperature  in  the  deep  mine  of  Tresavean  : — 

At  sea  level..         ..         In  granite..         ..         57°  F. 
Atl/Ofms..  ..  Lode  in  slate        ..  77°  F. 

Atl96fiiis..  ..  Doingranlte        ..  83°  F. 

At208fras..  ..  Do  in  granite       ..  85°  FJ 

At310fms..  ..  In  granite  ..  94°  F. 

According  to  the  generally  received  views  of  thermo-electric 
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;icti(Mi,  siicli  (liffi'i-encps   woiild   be  sufficient   tii  iiroilnci'  inirreiits. 

Tliat  wiis   iiinl"u1)ti.HlIy  the   case  in  tallio  and  (i'nnl  nin<lurtini; 

bodies,  l)ut  no  siicIi  result  liad  been   olitained  from  eripcriments  on 
granite,  slate,  or  irreenstone. 

FA  series  of  experiments  was  here  introduced — and.  notwitn- 
standinix  the  use  of  an  active  tjalvanic  series,  it  was  shown  that 
the  voltaic  current  would  not  transverse  eitlier  pranite,  slate, 
elvaii,  or  irreenstone — connection  hehit;  made  with  tliem  and  a  very 
delicate  ffalvanometer,  ni>on  which  not  the  sliglitest  indication  of 
any  action  on  the  needles  could  be  obscr\'ed.] 

Ariien  moist,  tlicse  rocks  became  over  tlieir  surfaces  conductors ; 
and.  by  this  means,  the  action  on  a  sinf,'le  i)air  of  zinc  and  coi)per 
plates,  not  more  than  an  inch  square,  was  detected  throu.'j:li  a  con- 
siderable extent  of  country.  Mr.  W.  J.  Ilenwood  liad  supposed 
that  he  had  detected  currents  of  voltaic  electricity  throuirli  the 
aranite  and  slate  rocks  of  Cornwall  ;  but  the  lecturer,  wlio  had 
repeated  those  experiments  with  p-eat  care,  was  led  to  believe  tliat 
the  slight  deflection  of  the  needle  ol>tained  was  due  entirely  to 
some  chemical  action  in  the  wires  employed  at  the  point  of  con- 
tact with  the  rock,  or  within  its  lenstli— such  slight  disturbances 
beinir  of  constant  occurrence  in  all  experiments  of  tliis  class. 
Althoufrh  tliere  was  not.  therefore,  any  experimental  evidence  in 
proof  of  the  vcdtaic  condition  of  the  rocks,  yet  the  regularity  of 
arrangement  oliserved  in  the  lodes  themselves — in  wliich  zinc, 
copper  and  quartz,  lime,  pyrites,  l)arytes,  fluor-spar,  iirgentiferous 
lead,  and  ijuartz,  alternated  in  the  most  legular  order,  as  was 
shown  by  s])ecimens  from  tlie  mines  of  Cornwall,  Derbyshire, 
Saxonv.  and  Mexico — present  features  so  analogous  to  those  which 
often  a])pear  in  galvanic  experiments,  that  we  are  compelled  cer- 
tainly to  infer  that  some  modiflcation  of  the  electric  force  was 
concerned  in  the  ])henomena.  Specimens  of  pseudo-morphous 
bodies  from  the  Cornish  mines,  and  arrangements  of  brown  spar 
upon  quartz,  from  Pcliemnitz,  tpiartz  upon  fluor-spar,  and  iron 
pyrites,  and  the  doul)le  sulphuret  of  copper  u])on  large  quartz 
crystals,  in  all  of  wliich  a  uniform  system  of  arrangement,  per- 
fectly independent  of  each  other,  was  shown — and  these  were  to 
be  referred,  in  all  jirobability,  to  the  disposing  power  of  electrical 
currents. 

Such  were  the  principal  evidences  to  be  adduced  in  support  of 
the  electrical  theory.  Mr.  R.  W.  Fox  was  the  first  to  discover  any 
indications  of  electricity  in  mineral  lodes.  By  placing  copper 
wires  against  two  portions  of  a  lode,  or  of  two  lodes  divided  by  a 
cross-course,  and  connecting  those  wires  with  a  gah-anometer,  a 
considerable  deflection  of  the  needle  was  obtained — often  to  such 
an  extent,  that  from  the  violence  of  the  action,  it  was  impossible 
to  note  the  deflection.  In  nearly  all  the  mineral  lodes  of  Corn- 
wall, upon  whicli  experiments  were  made,  these  currents  liad  been 
detected.  Ex|)eriments  made  by  Mr.  Fox,  in  Coldberry  and 
Skeers,  in  Teesdale,  gave,  however,  negative  results ;  and  the 
results  on  the  lead  lodes  at  tlie  Mold  mines  were  not  very  decided. 
Prof.  Reich,  of  Freyburg,  obtained  very  decided  results  upon  the 
lead  and  silver  lodes  of  that  district ;  and,  in  one  case,  succeeded 
in  detecting  a  mass  of  silver  ore  at  some  distance  behind  the  rock. 
Von  Stromlieck,  on  the  contrary,  c(uild  obtain  lui  results  from  the 
lead  and  copper  lodes  on  the  riglit  bank  of  the  llhine.  In  addi- 
tion to  these  results,  others  of  a  most  satisfactory  kind  had  been 
obtained  by  Mr.  Henwood  and  Mr.  Jcdin  Artliur  Phillips.  Tlie 
lecturer  had  himself  almost  invariably  obtained  very  decided 
^alvanometric  indications  from  tlie  copper  lodes  of  Dolcoath,  East 
Wheal  Crofty,  East  Pool,  and  other  Coi-nish  mines — in  one  instance 
so  powerfully,  that  the  electro-chemical  decomposition  was  pro- 
duced. Mr.  Fox  has  been  successful  in  procuring  an  electrotype 
copy  of  an  engraved  plate  by  the  current  collected  from  two  lodes 
of  iron  and  of  copper  pyrites,  and  also  in  inducing  magnetism  in 
a  liar  of  soft  iron.  Mr.  Pattinson,  at  the  w  ish  of  tlie  British  Asso- 
ciation, made  a  series  of  experiments  on  the  rocks  of  the  limestone 
formation  in  the  lead  districts  of  the  Jiortb  ;  bnt  he  could  not 
detect  any  evidence  of  electrical  currents. 

It  now  became  a  ipiestioii,  to  ascertain  if  these  currents  of  elec- 
tricity, detected  in  mineral  lodes,  were  in  any  way  connected  with 
the  general  currents  traversing  tlie  eartli,  according  to  the  theory 
of  Amjiere  ;  or,  were  they  of  a  more  local  character  ?  The  lecturer 
was  induced  to  conclude,  from  all  his  experiments  and  observations, 
that  these  currents  were  entirely  local,  and  due  to  the  cliemieal 
action  going  on  within  the  lode  itself.  In  all  cases  where  chemical 
action  could  be  detected,  it  was  certain  the  current  acting  on  the 
galvanometer  was  more  energetic  than  where  no  chemical  change 
was  apparent.  In  this  way  miglit  be  accounted  for  tlie  failure  of 
Von  Strombeck  on  the  lead  and  copper  lodes  of  the  Rhine,  and  of 
Mr.  R.  W.  Fox  himself  on  the  lodes  of  Teesdale — in  all  probability, 
those  lodes  being  in  a  very  permanent  condition.     It  was  thought 


by  the  lecturer  that  the  fact,  that  these  currents  often  being  found 
to  traverse  tlie  lodes  in  a  direction  contrary  to  the  currents  of 
Ampere,  and  freipieiitly  at  riglit  angles  to  them,  militated  against 
tliat  view  whicli  referred  the  one  to  tlie  influence  of  the  other.  The 
lecturer  had  also  detected  currents  fnun  ])iles  of  ore  on  the  surface, 
which  had  been  ex]iosed  to  the  influences  of  the  atmosphere;  and 
these  currents  were  certainly  only  measurers  of  the  amount  of 
chemical  action  going  on  in  the  pile. 

That  these  local  lode  currents  might  have  a  powerful  effect  upon 
masses  of  matter  exposed  to  their  influences,  was  highly  probable  ; 
and  he  was  disposed  to  refer  the  conditions  in  which  cobalt  and 
nickel  were  often  found  in  tlie  cross-courses,  between  the  ends  of 
dislocated  lodes,  as  due  to  this  local  chemical  electricity.  Tlie 
character  of  many  of  the  decomposing  lodes  was  next  described; 
and  it  was  shown  that,  under  the  influence  of  the  percolatiini  of 
rain-^iater  from  the  surface,  charged  m ith  oxygen,  and  the  action 
of  the  saline  water  risiiiif  from  below,  few  lodes  admitting  water  to 
flow  through  them  cmild  be  free  from  chemical  action.  He  had 
analysed  the  waters  of  many  of  the  deep  mines,  and  the  following 
were  the  results  (jf  a  few  of  these  analj'ses  : — 

The  water  from  (ireat  St.  George  contained,  in  a  cubic  foot,  590 
grains  of  common  salt ;  that  of  the  United  Mines,  rising  hot,  -1.81 
grains;  of  Dolcoath,  218  grains;  of  Great  M'heal  Charles,  612 
grains  ;  Consolidated  !Mines,  at  80  fathoms,  656  grains  ;  and  at  the 
'i50  fathom  level,  918  grains.  This  muriate  of  soda  was  estimated 
quite  independently  of  the  earthy  and  mineral  salts.  It  was, 
doubtless,  derived  by  infiltration  from  the  ocean ;  and,  from  its 
(juantity,  acted,  no  doubt,  powerfully  upon  the  lodes  it  traversed. 

Altliougb  these  currents,  detected  by  the  galvanometer,  were  not 
regarded  by  the  lecturer  as  in  any  way  j)ro\ing  electrical  agency 
in  the  formation  of  mineral  veins,  yet  the  evidence  obtained  by 
Mr.  Fox,  by  i\Ir.  Jordan,  and  more  recently  by  himself,  that  elec- 
tricity would  gi\e  to  clay  a  schistose  structure  and  form  along  a 
curved  line,  no  doubt  related  to  some  line  of  electrical  action,  a 
miniature  lode  of  co])per  (of  which  illustrations  were  exhibited), 
siip])orted  the  general  view  of  electrical  action.  Incidentally,  the 
conducting  powers  of  iron  and  copper  jiyrites,  galena,  and  some 
other  minerals,  ;vere  experimentally  shown  ;  and  also  the  decom- 
position of  yellow  ore  by  electrical  action. 

In  conclusion,  the  lecturer  carefully  recapitulated  all  the  maia 
points  of  evidence,  for  and  against  the  electrical  views,  and  pointed 
out  many  I'ery  curious  circumstances,  evidently  dependent  upon 
some  peculiar  conditions  of  the  adjacent  rocks,  but  which  could 
not  he  referred,  -vvith  any  certainty,  to  electrical  action.  Probably, 
those  currents  now  nearly  determined  as  in  constant  flow  around 
the  earth,  might  produce  the  curious  results  observed  ;  but  a  far 
larger  amount  of  experimental  ex'idence  than  that  yet  obtained 
was  required,  before  this  view  could  be  admitted  as  one  of  the 
received  facts  of  inductive  science. 


NOTES  OF  THE  MONTH. 

Baron  de  GohUmid's  House. — The  grand  ball-room  at  St.  John's  Lodge 
in  the  Regent's  Park,  of  wliich  so  much  lias  been  spoken  and  written,  was 
lighted  last  week,  for  a  party  given  by  the  Baron  de  Goldsmid.  The  effect 
is  reported  to  have  been  most  admirable.  Although  ilr.  Barry  and  Mr. 
Poynter  had  exerted  every  care,  the  eti'oct  of  light  upon  the  decorations 
must  have  caused  them  some  anxiety,  and  it  must  be  most  gratifying  to 
thera  to  have  succeeded  so  completely.  The  richness  of  the  gilding  contri- 
butes to  the  grandeur  of  the  room,  without  destroying  its  air  of  cliasteness; 
and  if  Mr.  Barry  be  reproached  that  there  is  a  want  of  repose  in  the  House 
of  Lords,  and  too  great  profusion  of  ornamentation,  the  same  ohjection  can- 
not be  made  against  a  hall-room.  Tliis  saloon  is  the  great  work  of  the 
present  season,  and  it  is  pleasing  to  learn  that  the  munificent  patronage  of 
the  Baron  de  Goldsmid  has  been,  as  usual  with  him,  displayed  in  the  encou- 
ragement of  English  artists,  instead  of  being  lavished  upon  foreigners,  as  is 
too  common  with  our  nobility. 

Mineral  Produce  of  Austria. — The  latest  published  government  accounts 
give  the  following  as  the  mineral  produce  of  Austria  : — Gold,  35  cwt. ;  silver, 
547  cwt.;  mercury,  lOG^  tons;  iron,  148,379  tons;  copper,  2,753  tons; 
lead,  G,6G0  tons;  litliarge,  1,299  tons;  zinc,  227  tons;  calamine,  908  tons; 
tin,  49  tons;  antimony,  231  tons;  cobalt,  132  tons  ;  manganese,  CJ  tons  ; 
arsenic,  50  tons;  plumbago,  1,327  tons;  alum,  1,494  tons;  sulphate  of 
iron,  5,354  tons;  sulphate  of  copper,  288  tons ;  sulphur,  1,259  tons;  coal, 
524  tons. 

The  Hohjhead  Steam-Pachets. — The  principal  trial  of  the  new  Holyhead 
steam-packet  LieweUijn,  master.  Commander  Grey — vessel  and  engines  de- 
signed and  manufactured  by  Miller,  Ravenhill,  and  Co.,  of  Blackwall — took 
place  on  Monday,  the  15th  ult.  It  is  stated  that,  under  adverse  circum- 
stances, she  made  four     uns  at  the  measured  mile,  at  Long  Reach,  which 
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gave  her  an  average  rate  of  speed  of  15-415  nautical  miles,  or  nearly  175 
statute  miles  per  luur,  never  making  less  than  27  revolutions  per  minute. 
She  then  run  to  the  Nnre  liglit,  passing  tlie  distance  from  the  tnwn  pier  at 
Gravesend,  in  one  hour  and  ffleeu  sceontls ;  and  then  ran  from  the  Nore 
light  to  the  Mouse  light  and  back  twice,  during  wliich  time  her  greatest 
speed  was  20i  statute  miles  per  hour,  and  her  lowest  rate  at  15  845.  The 
latter,  however,  in  consequence  of  the  throltle-valve  heing  open,  was  held  to 
be  a  bad  trial,  and  she  was  accordingly  tried  up  and  down  again  the  7-05 
knots'  distance.  When  working  at  28  and  29  revolutions  per  minute,  she 
made  the  same  rnn  down  in  27  minutes  22  seconds,  or  at  the  rate  of  lG-798 
knots;  and  the  return  trip  in  SOJ  minutes,  or  at  the  rate  of  15-049  knots. 
Taking  the  average  of  the  two  last  runs,  the  speed  of  the  Llewellyn  was 
nearly  16  nauticaf  miles  an  hour,  or  18i  statute  miles  per  hour. 

The  New  Steam-Ship  Basin  at  Portsmouth. — This  national  work,  which 
has  been  constructed  with  the  view  of  affording  to  steam-ships  a  fitting 
and  convenient  place  of  reception,  was  opened  on  Thursday,  the  25th  of 
May.  The  first  stone  was  laid  January  13th,  1S45.  Its  original  design 
was  far  of  far  less  magnitude,  but  as  the  work  progressed,  enlargements  and 
improvements  were  suggested,  until  the  plans  were  finally  extended  to  their 
present  spacious  dimensions.  Its  mean  average  length  is  774  feet,  400  feet 
■wide,  and  31  feet  deep  from  the  cnping,  covering  an  area  of  more  than  seven 
acres.  The  entrance  is  80  feet  wide,  and  the  depth  of  water  at  the  lowest 
tides  21  feet.  There  is  also  a  fine  wharfage  outside  the  basin,  in  the  har- 
bour, where  there  is  water  to  the  depth  of  13  feet,  which  is  sufficient  to 
accommodate  second-class  steamers.  There  are  two  inlets  on  the  east  side 
of  the  basin,  each  300  feet  long  by  70  wide,  and  30  feet  deep  from  the 
coping ;  these  are  to  enable  vessels,  whole  refitments  must  be  completed 
in  a  hurry,  lo  be  worked  upon  by  the  artisans  on  both  sides  at  once.  On 
the  west  brink  of  the  basin  is  a'  great  factory,  of  handsome  architecture, 
687  feet  long,  48  feet  wide,  and  51  high,  and  is  partially  roofed  in.  On 
the  south  wall  is  a  new  brass  foundry,  90  feet  by  110,  which  has  been  for 
some  time  in  partial  working.  The  basin  is  considered  capable  of  accom- 
modating around  its  sides  nine  steam  frigates  of  the  first  class,  and  has  em- 
ployed, on  the  average,  1,500  men  since  the  commencement,  besides  an 
immense  body  to  whom  it  has  given  work  off  the  premises — in  the  quarries, 
forests,  iron  vvorks,  &c.  Besides  the  above  materials,  there  have  been  used 
in  various  parts  of  the  whole  about  2,500  tons  of  cast  iron  from  StatTord- 
shire.  The  rough  cost  of  the  labour  already  turned  out  of  hand  is  £400,000. 

Sudden  Driiinin^  of  the  Niagara  River.— The  follouing  extract  of  a 
letter  we  have  received  from  the  United  Slates,  describes  a  very  curious 
phenomenon,  which  recently  alarmed  the  residents  near  the  Falls  of 
Niagara  : — "  Tlie  good  people  at  the  falls  were  greatly  alarmed  a  few 
weeks  ago,  fearing  that  the  bottom  of  the  river  had  fallen  out;  for  all  at 
once  the  mills  ceased  to  work,  and  great  part  of  the  falls  on  Table- Kock 
were  bare.  The  river,  a  little  above  (ioat  Island,  was  bare  for  half  the 
distance  across.  A  gentleman  drove  his  wagon  on  the  bare  rock  lo  Ihe 
middle  of  the  bed  of  the  river,  where  to  have  ventured  the  day  previous 
would  have  been  certain  death.  The  worst  fears  were  entertained  ;  some 
believed  the  world  was  coming  to  an  end — indeed,  fear  was  stamped  on 
every  countenance  till  the  cause  was  explained.  The  fact  was,  that  a 
quantity  of  ice  on  Lake  Erie  had  dritied  to  the  mouth  of  the  river,  and 
impeded  its  flow." 

Suspensiiin  Brids:e  near  the  Falls  of  Niagara. — The  first  car,  suspended 
by  a  wire  cable,  crossed  from  clittto  cliflT  below  the  falls  of  Niagara  on  the 
13th  of  March.  Mr.  Ellett,  ihe  engineer  who  has  undertaken  Ihe  ccm- 
struction  of  the  suspeusiou-bridge  at  that  place,  was  the  first  person  who 
crossed  over,  amidst  the  cheers  of  a  large  concourse  of  people.  Tiie 
Toronto  Colonist  observes  :  "  Mr.  Ellett  must  feel  gratification  and  com- 
mendable pride  that  he  is  the  first  man  who  ever  crossed  in  a  carriage 
through  the  aii-,  on  wire,  from  one  empire  to  another  ;  thereby,  it  is  to  be 
hoped,  leading  to  a  happy,  prosperous,  generous,  and  reciprocal  union — a 
firm  chain  of  friendship  between  mother  and  daughter."  "We  may  suppose 
that  among  those  who  experienced  alarm  at  the  sudden  draining  of  the 
Niagara  river,  noticed  above,  Ihe  shareholders  in  the  suspension-bridge 
undertaking,  were  not  less  frightened  than  the  others. 

Communications  in  Hallway  Trains. — Another  of  the  many  plans  pro- 
posed for  establishing  a  communication  between  the  passengers  and  the 
guard,  and  through  him  with  the  engineer,  on  railway  trains,  has  been  re- 
cently  patented.  The  inventor  of  this  plan  is  Mr.  Edward  Tattersall,  of 
Newmarket,  land  surveyor  ;  and  it  consists  in  having  a  cord  run  along  the 
tops  of  all  the  carriages,  communicating  with  the  handle  of  the  steam- 
whistle,  or  with  a  bell.  The  patentee  claims  as  new  an  apparatus  for 
leoglhening  or  shortening  the  cord,  without  requiring  it  to  be  drawn  out 
longitudinally.  To  enable  the  passengers  lo  communicate  with  the  guard, 
a  lamp  by  night,  and  a  signal  board  by  day,  is  to  be  fixed  to  the  top  of 
each  carriage,  and  the  passenger,  by  pulling  a  string  may  raise  a  flap  that 
ordinarily  secures  the  lamp  or  signal-board,  and  when  the  guard  sees  this 
notice,  he  is  to  pull  Ihe  cord  to  order  the  engine-driver  to  stop. 

Iron  Ore  in  Algiers, — A.  report  presented  to  the  Paris  Academy  of 
Sciences,  on  a  communication  made  by  M.  Fournel,  respecting  the  mineral 
■wealth  of  Algiers,  represents  the  iron  ore  to  be  extremely  abundant  and 
rich.  lo  the  mountains  of  Bou  Hamra,  throughout  a  distance  of  four 
leagues,  the  croppings-out  of  a  considerable  number  of  beds  of  ore  may 
be  observed,  attaining  sometimes  a  considerable  size,  and  never  less  than 
from  four  to  five  yards  in  depth.  At  the  north  of  Fizara  there  is  an  entire 
mountain  (the  Mohta  El  Hadad,  or  iron  quarry),  which  rises  out  of  the 
gneiss,  and  literally  presents  from  its  base  to  its  summit,  that  is  to  say,  a 


height  of  about  108  yards,  one  mass  of  pure  oxide  of  iron,  without  the 
admixture  of  any  other  substance.  To  the  east  of  this  mountain,  M. 
Fournel  traced  upwards  of  IG  points  where  the  ore  was  cropped-out.  M, 
Fournel  has  also  found  large  quantities  of  ancient  scoria?,  proving, that 
these  sources  of  mineral  wealth  had  been  worked  by  the  Komans,  or  per- 
haps by  the  Vandals;  there  are  also  scattered  amongst  these  scoriae,  spe- 
cimens of  the  metal  produced,  so  that  by  analysis  it  can  be  ascertained 
from  which  bed  of  ore  the  metal  produced  at  such  and  such  a  point,  was 
obtained. 

Cojiijing  Electric  Telegraph. — An  electric  telegraph  which  will  produce 
at  a  distant  town  facsimile  copies  of  writing  applied  to  the  instrument 
in  London,  has  just  been  invented  hy  IMr.  F.  C.  Bakewell.  We  have  seen 
a  specimen  of  the  telegraphic  writing  copied  from  the  original  !)y  a  sepa- 
rate inslrunient,  only  connected  with  the  other  by  wires  in  the  ordinary 
manner.  We  understand  that  arrangements  are  being  made  to  give  the 
invention  a  trial  at  a  long  distance,  for  Ihe  purpose  of  adopting  this  mode 
of  telegraphic  communication  generally,  if  it  be  found  equally  applicable 
between  distant  towns  as  it  is  at  short  intervals.  The  rapidity  with  which 
copies  may  he  made  with  this  instrument,  will  far  exceed  the  manual  dex- 
terity of  the  quickest  writer;  for  the  inventor  expects  to  be  able  to  trans- 
mit 500  alphabetical  Idlers  per  minute.  Where  short-hand  is  employed  , 
of  course  Ihe  rapidity  of  truiismission  would  be  much  greater;  and  we  un- 
derstand ihat  even  plans  and  drawings  may  be  copied  by  the  same  instru- 
ment. 

Pluispkates  in  ihe  Green  Sand. — The  green  sand  formation,  situated 
under  the  chalk,  contains  fossil  substances  iu  such  abundance  as  to  render 
them  valuable  as  manures,  iu  consequence  of  the  phosphate  of  lime  which 
is  thus  obtained.  Allention  has  been  recently  directed  to  this  subject,  and 
if  the  fertilizing  properties  of  green  sand  lie  as  great  as  is  represented, 
there  exists  in  the  south  of  England  vast  stores  of  manure,  corresponding 
in  chemical  properties  with  Ihe  guano  that  has  been  scraped  from  distant 
islands,  and  sold  at  a  high  cost  iu  this  counti-y.  The  presence  of  coprolite 
(dungstoue)  nodules  in  the  upper  green  saud  and  gault,  was  pointed  out 
by  Dr-  Fitton  several  years  ago,  in  his  account  of  the  "  beds  below  the 
chalk,"  published  in  the  "  Transactions  of  the  Geological  Society,"  vol.  iv. 
second  series ;  and  Dr.  F.  also  ascertained  the  large  proportion  of  phos- 
phate of  lime  contained  in  these  bodies.  Dr.  Fitton's  observations  were 
chiefly  made  from  the  gault  at  Folkestone.  15ut  he  has  also  noticed  the 
existence  of  these  nodules  in  various  parts  of  the  upper  and  lower  green 
sand.  There  are  clilfs  of  the  upper  green  sand  at  Eastbourne,  in  Sussex, 
where  the  fossil  and  coprolilic  nodules  may  be  found.  If  we  pass  from  the 
out-crop  of  Ihe  green  sand  in  Sussex  and  Surrey,  we  find  it  again  in  still 
greater  force  westward,  in  the  ferlile  vale  of  Pevvsy,  one  of  the  finest 
pieces  of  wheat  land  in  the  kingdom.  The  whole  valley  from  Bedwin  to 
Devizes  is  coveredwith  this  soil,  the  stratum  dipping  under  the  chalk 
of  the  Marlborough  downs  on  the  north  and  Salisbury  plain  on  the  south. 

Improved  Machine  for  Rolling  Iron. — Mr.  Benjamin  Norton,  of  Boonton, 
New  Jersey,  U.S.,  has  recently  obtained  a  patent  in  America,  for  an  im- 
provement in  the  machine  for  rolling  iron.  In  describing  his  invention,  the 
patentee  says — "  In  rolling  the  billets  of  iron  that  are  to  be  converted  into 
hoop-iron,  or  into  scroll,  band,  or  other  iron  of  a  like  character,  the  appa- 
ratus used,  as  ordinarily  constructed,  consists  of  three  rollers,  the  axes  of 
which  are  in  the  same  \'ertical  plane.  The  billet  is  passed  through  a  groove 
in  the  lowermost  pair,  and  is  returned  through  a  groove  in  the  uppermost 
pair,  by  which  it  is  prepared  to  be  passed  through  the  smooth  or  finishing 
rollers.  In  my  improved  apparatus  I  use  but  two  rollers,  in  which  the  billet 
is  first  passed  in  the  usual  way;  as  it  passes  from  between  these  rollers  on 
the  rear  side,  it  enters  a  curved  trough,  which  I  call  a  receiver,  and  this 
trough  conducts  it  round  the  rear  side  of  the  upper  roller  towards  the  work- 
man in  front,  who  passes  it  into  the  groove  in  the  first  instance,  and  who 
then  passes  it  into  a  second  groove,  formed  in  the  same  rollers;  by  which 
arrangement  much  time  and  friction  are  saved,  and  other  obvious  advantages 
obtained.  The  patentee  claims  the  combination  of  the  covered  trough,  or 
receiver,  with  a  pair  of  rollers,  for  the  purpose  of  conveying  the  strand  to 
the  front  of  the  rollers,  in  combination  with  the  employment  of  the  second 
groove,  or  grooves,  in  the  lower  roller,  and  thereby  admitting  of  the  widen- 
ing out  of  the  collars. 

Ether  a  substitute  for  Steam.— U.  Zede,  Director  of  the  Ports  of  France, 
at  the  request  of  M.  Lafond,  a  lieutenant  in  the  Marine  Navy,  has  made 
several  experiments  on  the  employment  of  the  vapour  of  ether  in  one  of  the 
cylinders  of  a  steam-engine.  The  results  were  very  satisfactory  as  far  as 
regards  the  employment  of  the  mechanical  force  contained  in  this  vapour  ; 
but  as  regards  safety,  M.  Zede  stated  that  it  is  impossible  to  conceive  the 
danger  arising  from  the  use  of  so  inflammable  a  liquid  as  sulphuric  ether. 
In  order  to  remove  this  objection,  M.  Lafond  has  proposed  to  him  the  em- 
ployment of  chloroform  in  place  of  ether. 

Cause  of  Rain.— At  a  recent  meeting  of  the  Paris  Academy  of  Sciences, 
M.  Babiuet  explained  his  theory  of  the  cause  of  rain,  founded  on  numej 
rous  observations.  He  supposes  that  a  volume  of  humid  and  heated  air 
having  risen  into  the  upper  regions  of  Ihe  atmosphere,  expands  in  the 
rarer  air  ;  consequently,  the  temperature  becomes  lowered,  and  the  vapour 
condenses  and  is  precipitated  in  rain.  There  seems  to  be  nothing  new  m 
this  theory,  and  it  fails  to  assign  an  intelligible  cause  for  the  observed  phe- 
nomena of  rain.  It  is  founded  also  on  the  questionable  assumption,  that 
the  portions  of  the  atmosphere  near  the  earth  rise  when  heated  into  the 
strata  of  air  above  ;  because,  in  most  circumstances,  the  diflerence  in  the 
pressure  of  the  atmosphere  at  higher  elevations,  causes  a  greater  diSerence 
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ia  the  relative  weights  of  equal  volumes  than  the  ditTerent  degrees  of  Iieat 
above  and  below.  I\l.  iiabiuet,  indeed,  seems  to  admit  ihis,  as  the  expan- 
sion of  the  humid  air  he  supposes  lo  be  caused  by  ihe  rarer  state  of  tlie 
upper  atmosphere,  and  yet  he  seems  to  iiave  forgotten  to  take  into  consi- 
that  the  denser  and  heavier  air  would  not  rise  into  the  lighter. 

Analysis  of  Phosphates. — Messrs.  Dumas  and  Pelouze  have  reported 
▼ery  favourably  of  the  process  adopted  by  I\I.  Raewsky,  to  ascertain  the 
proportions  of  phosphoric  acid  contained  in  phosphates.  The  process  con- 
sists in  brinj^ing  the  phosphoric  acid  to  the  state  of  phosphate  of  the  per- 
oxide of  iron,  and  then  to  ascertain  the  quantity  of  iron  which  it  contains. 
As  the  pliosphate  of  the  peroxide  of  iron  is  insoluble  in  acetic  acid,  in 
precipitating;  the  phosphoric  acid  from  an  acid  liquor  by  means  of  the 
acetate  of  the  peroxide  of  iron,  the  salt  will  be  precipitated  pure,  and  cnu 
consequently  be  collected  in  a  tilter.  After  a  careful  washin;;,  if  it  be  dis- 
solved in  nitric  acid,  and  reduced  to  the  minimuin  state  of  oxidation  by 
the  acid  of  a  suitable  addition  of  sulpliate  of  soda,  thnre  will  remain  only 
to  saturate  the  iron  restored  to  Ihis  state  by  means  of  the  proportionate 
quantity  of  permanganic  acid  necessarj  to  convert  it  again  into  peroxide. 

Rotary  Hvcls. — A  patent  has  been  taken  out  for  rotary  heels  to  boots 
and  shoes,  so  that,  however  unevenly  a  person  may  tread,  the  lieel  may  be 
regularly  worn  by  giving  it  a  turn  daily,  to  expose  a  fresh  surface  at  the 
part  most  trodden  on. 

Invisible  jVusiciuns. — Mr.  A.  Bain,  the  inf;enions  inventor  of  electric 
telegraphs  and  clocks,  has  obtained  a  patent  fur  an  invention,  part  of 
which  consists  in  causing  musical  instruments  to  be  played  by  electro-mag- 
nelisiu,  without  the  apparent  a^^eucy  of  any  musician.  He  eflects  this  by 
placing  electro-magnets  under  the  keys  of  the  instrument,  and  these  mag- 
nets are  connected  by  wires  witli  some  other  similar  instrument  in  another 
room,  or  it  may  be  in  some  oilier  part  of  the  same  town.  Whenever  one  of 
the  keys  of  the  original  instrument  is  pressed  down  by  the  performer,  it 
completes  the  electric  circuit,  and  induces  magnetism  in  the  temporary 
magnet  undtr  the  corresponding  key  of  the  distant  instrument,  and  that  is 
instantly  drawn  down  and  sounds  the  uote.  This  arrangement  might  be 
continued  tlirough  several  instruments,  every  one  of  which  would  be 
played  at  the  same  time  by  one  performer,  who  would  be  touching  the  keys 
of  only  one  instrument,  and  that,  perhaps,  a  mile  apart  from  the  others. 
lo  another  part  of  iMr.  JJain's  invention,  he  proposes  to  dispense  with 
performers  altogether,  and  to  make  the  printed  music  play  itself.  This  is 
done  by  perforating  holes  in  a  sheet  uf  paper,  which  is  to  be  drawn  over 
tlie  openings  of  wind  instruments.  Wlienever  the  perforated  holes  co- 
iacide  with  the  orilices  in  tlie  inslrntnent,  the  notes  are  sounded  ;  and  by 
arranging  the  perforations  at  their  proper  distances,  the  tune  is  played  ! 

Manufacture  of  White  Lead. — Some  improvements  in  the  manufacture 
of  carbonate  of  lead  have  recently  been  patented  by  M.  .Jean  Marie 
Fournienlin,  of  New  Bridge-street,  Blackfriars.  In  this  process,  the 
carbonate  of  lead  is  produced  by  the  decomposition  of  oxichloride  of  lead 
^obtained  by  the  action  of  sea  salt  upon  protoxide  of  lead),  by  means  of 
carbonic  acid,  which  decomposes  tlie  oxichloride  ;  an  insoluble  carbonate  of 
]tiad  being  produced,  and  a  solution  of  chloride  of  sodium  remaining. 

Triple  Railivaij  Jireak.—X  model  of  a  triple  railway  break,  invented  by 
M.  Laignet,  has  been  submitted  to  the  Paris  Academy  of  Sciences.  Each 
part  of  the  break  must  be  successively  destroyed  before  any  material 
damage  can  be  done,  and  the  resistance  ollered  is  calculated  to  be  sutti- 
cient  completely  to  overcome  the  momentum  of  the  train.  The  action  of 
the  break  is  independent  of  the  engine-driver,  and  it  is  constantly  ready 
to  act  when  occasion  requires.     The  name  given  to  this  break  is  Pararhoc 

New  Pife- Barrel. — A  new  mode  of  forming  the  spiral -inside  rifle-barrels 
has  been  registered  by  Mv.  Lancaster.  Instead  of  making  the  spiral  of  a 
regular  helical  form  throughout,  that  form  is  adopted  only  in  the  tirst  half 
of  the  barrel,  commencing  at  the  breech  ;  the  other  portion  being  on  an 
uniformly  accelerating  geometric  curve.  Tlie  advantages  said  to  be  gained 
by  this  method  are— diminution  of  the  recoil,  a  sustamed  spiral  motion 
without  the  present  liability  in  rifles  of  stripping  the  ball,  and  a  larger 
range  with  the  same  charge  of  powder. 

The  College  at  Pulneij. — The  Admiralty  experiments  on  coals  for  the  steam 
navy,  are  continued  at  Putney  College,  in  the  buildings  erected  there  by 
government  for  the  purpose.  Dr.  Lyon  Playfair  has  recently  constructed 
for  this  College,  the  largest  magnet  that  has  hitherto  been  made. 

Mammoth  Machine. — The  Renfrewshire  7iV/brmer  notices  tlie  manufacture 
by  Messrs.  T.  Shanks,  of  Johnstone, an  immense  sloting  machine  for  cutting- 
and  dressing  up,  by  self-action,  the  cranks  and  cross-heads  of  the  larges"t 
marine  steam-engines,  finishing  them  throughout,  from  the  rough  block  as 
they  come  from  the  forge.  'I'he  machine  is  erecting  for  Messsrs.  Fulton 
and  Neilson,  of  Lancetield  Forge,  and  the  weight  of  the  single  casting 
which  forms  its  base  is  2H  Ions.  This  cast  was  executed  by  Messrs.  John 
Goldie  andCo.,  of  the  Hayfield  Foundry,  and  took  four  months  in  the 
moulding. 

Manual  Poiver  Locomotive. — A  Manchester  paper  states,  that  Mr.  Archi- 
bald Farrie,  an  ingenious  mechanic  of  that  town,  has  invented  a  locomotive 
to  be  propelled  by  manual  labour,  which  was  successfully  tried  along 
Beveral  of  the  streets  of  Manchester.     The  carriage  was  stopped  every  now 

and  then,  to  allow   parlies   to  inspect  the  movement  of  the  machine the 

■working  of  which  appeared  to  cause  the  driver  only  a  slight  muscular 
effort,  aided  by  manual  dexterity.  The  machine  weighs  8  cwt.,  has  no 
cranks,  and  has  been  worked  by  one  man  up  au  incline  of  3  feet  in  the 
"TOrd,  while  twelve  persona  were  in  it. 


LIST    or    NE'W    PATENTS. 

GRANTED    IN   ENGLAND    FROM    ApBII.    2",    TO    MaY    2G,     1848. 

Six  Months  allowed  for  Enrolment,  unless  othenvise  expressed. 

William  Newton,  of  Chancery-lane,  Middlesex,  civil  engineer,  for  **  Improvenients  in 
machinery  for  burrinp,  ginning,  and  tarditiK  wool  and  cotton  ur  similar  fibrous  materials 
requiring  those  processes."     (A  communication. )—i:5ealed  April  L'7. 

Kdward  M'alnisley,  of  Heaton  Norris.  Lancashire,  cotton  spinner,  for  "certain  Im- 
proved apparatus  tor  preventing  the  explosion  of  steam  boilers." — Apri  'J17. 

William  Henry  Banow.  of  Derby,  civil  engineer,  and  Thomas  Forster,  of  Streatham 
Ciimmon,  Surrey,  pentlenian.  for  '*  Improvements  in  electric  telegraphs  and  in  apparatus 
connected  therewith." — April  *'7. 

Thomas  Edmondson,  of  iMnnchester,  machinist,  for  "Improvements  in  marking  and 
numbering  railway  and  other  tickets  or  surfaces,  and  in  arranging  and  distribuliog 
tickets."— April  27. 

Daniel  Tlice  Pratt,  of  Worcester,  in  the  Stata  of  Massachusetts,  America,  for  ''ma- 
chinery for  connecting  railway  carriages." — April  '27. 

James  K.  Howe,  of  the  city  of  New  York,  in  the  United  States  of  America,  for  "  Im- 
p  rovementB  in  building  ships  and  other  vessels." — April  -'7- 

Roger  George  Salter,  of  Birkenhead,  in  the  county  of  Chester,  surveyor,  for  "certain 
Improvements  in  carts  for  the  distribution  of  liquid  substances,  and  in  the  construction 
of  drains,  sewers,  and  cesspools,  and  in  the  cleansing  uf  the  same." — April  27. 

Charles  Fielding  Palmer,  of  Birmingham,  for  "  a  new  or  improved  chalybeate  water." 
— April  27. 

Alexander  Partes,  of  Birmingham,  experimental  chemist,  for  "Improvements  in  the 
manufacture  of  metals  and  in  coating  metals." — April  27. 

William  John  Normanville,  of  Park  Village,  Middlesex,  gentleman,  for  "certain  Im- 
provements in  railway  or  other  carriages,  partly  consisting  of  new  modes  of  constructing 
the  axle-boxes  and  journals  of  wheels;  also  an  improved  method  of  lubricating  the  said 
journals  or  other  portions  of  machinery,  by  the  introduction  of  aqueous,  alkaline,  olead 
ginous,  or  saponaceous  solutions." — May  2. 

Isaac  Harles,  of  Kosedale  Abbey,  Yorkshire,  farmer,  for  "  certain  Improvements  in 
machines  or  machinery  foharrowing,  sowing,  and  manuring  land." — May  2. 

Isaiah  Davies,  of  Birmingham,  engineer,  for  *'  Improvements  in  steam-engines  and 
locomotive  carriages,  parts  of  which  are  also  applicable  to  other  motive  machinery." — 
May  2. 

Alexander  Southwood  Stocker,  of  York-]ilace,  City-road,  Middlesex,  gentleman,  for 
"  certain  Improvements  in  time  teachers  and  boxes,  show  cards,  or  holders  for  matches, 
pens,  pins,  needles,  and  other  articles,  and  in  the  mode  or  modes  of  manufacturing  the 
samB." — May  2. 

Felicity  Iltiison  Selligne.  of  fi,  Roulevart  Beaumarchois,  Paris*  for  "certain  Improve- 
ments in  propulling.  and  the  machinery  employed  therein."  (A  communication  Irom 
her  late  husband.)— May  2. 

Henry  William  Schwartz,  of  Great  Saint  Helen's,  London,  merchant,  for  "  Improve- 
ments in  steam  engines."     (A  communication.)- May  2. 

Lewis  Dunbar  Brodie  Gordon,  of  Abingdon-street,  City,  for  "an  Improvement  or  im- 
provements in  railways  " — May  '.i. 

H  William  McLardy,  of  Salford,  Lancashire,  manager,  and  Joseph  Lewis,  of  the  same 
place,  machine-maker,  for  "  certain  Improvements  in  machinery  or  apparatus  applicable 
to  the  prei>aration  aud  spinning  of  cotton,  wool,  silk,  flax,  and  other  fibrous  substances.' 
— MayH. 

Richard  Laming,  of  Clichy  la  flaronne,  in  the  republic  of  France,  for  "an  Improve- 
ment 01-  improvements  in  the  manufacture  of  oxalic  acid."- May  'J. 

Edward  Haiph,  of  Wakefield,  plumber,  for  "  an  invention  for  measuring  water  or  any 
other  fluid."— May  it. 

Vincent  Price,  of  Wardour-street,  Soho,  liliddlesex,  machinist,  for  "certain  new  or 
improved  mechanical  airangements  for  obtainipg  and  applying  motive  power."'— May  11, 
"Charles  Hancock,  of  Brompton,  Middlesex,  gentleman,  for  "certain  Improved  prepar- 
ations and  compounds  of  gutta  pwrcha,  and  certain  improvements  in  the  manufacture  of 
articles  and  fabrics  composed  of  gutta  percha  aloue,  aud  iu  combination  with  other  sub- 
stances."—May  11. 

Thomas  Restell.  of  Tooting.  Surrey,  watch-maker;  and  Richard  Clark,  of  the  Strand, 
Westminster,  lamp-manufacturer,  for  "  Improvements  in  chronometers,  clocks,  watches, 
and  other  time-keepers. "—May  11. 

George  Armstrong,  of  Newcastle-upon-Tyne,  engineer,  for  "  an  Improved  water-pres- 
sure engine." — May  11. 

Mark  Smith,  of  Heyivood,  Lancashire,  power-loom  maker,  for  "  certain  Improvements 
in  looms  for  weaving."— May  11. 

William  Taylor,  of  Birmingham,  mechanist,  for  "  an  Improved  mode  of  turning  up  or 
bending  Hat  plates  of  malleable  metals,  or  mixture  ot  metals,  by  aid  of  machinery,  into 
tubes."— May  IH. 

George  Henry  Bursill,  of  Albany. place.  Hornsey-road,  James  Paterson.  of  Baldwin 
street.  City-road,  and  John  Mathews,  of  Norman*s-buildings,  Old. street,  engineers, 
Middlesex,  for  "a  certain  Improved  method  or  methods  of  treating  malt  liquors  and 
other  liquids  or  fluids,  and  certain  improvements  in  machinery  or  apparatus  for  effecting 
such  improved  method  or  methods  of  treatment."— May  22. 

Abraham  Solomons,  of  London,  merchant,  and  Bondy  Azulay,  of  Kotherhithe,  Surrey, 
printer,  for  "  Improvements  in  the  manufacture  of  gas,  tar,  charcoal,  and  certain  acids.'* 
—May  2(1. 

Matthew  Hague,  of  Waterhead  Mills,  Lancashire,  machine  maker,  and  Joseph  Firth 
of  H  udders  field.  Voikshire,  cotton  doubler,  tor  "certain  Improvements  in  machinery  fo 
twisting  and  doubling  cotton  yarns  and  other  fibrous  materials."— May  2(1. 

Moses  Poole,  of  I>ondon,  gentleman,  for  "Improvements  in  propelling  vessels."  fA 
communication.) — Rlay  2l.i. 

James  Parker  Percy,  of  Clarendon-place,  Nottlng-hill,  gentleman^  for  "certain  Im- 
provements in  obtaining  copper  fiom  copper  ores."— May  2(i. 

James  Remington,  of  Warkworth,  Northumberland,  civil  engineer,  for  "  Improvements 
in  locomotive  engines,  and  in  marine  and  stationary  engines." — May  2t>. 

Thomas  Richardson,  of  Newcastle  upon-Tyne,  chemist,  for  *'  Improvements  in  the 
manufacture  of  manBre."~May  2i!. 

Felix  Hyacinthe  Folliet  Louis,  of  Southwark,  Surrey,  gentleman,  for  "an  IraproT  d 
method  or  process  of  preserving  certain  animal  products."— May  2(j, 
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IMPERIAL  INSURANCE  OFFICE,  OLD  BROAD  St.,  CITY. 

John  GiBso>f,  Esq.,  Architect. 

(Witlt    an    Engraving^     Plate    I  X.J 

The  progress  of  insurance  companies,  tlie  great  interest  wliich 
is  felt  by  all  classes  in  making  a  provision  for  the  future,  the  es- 
tablishment of  new  offices,  and  the  extension  of  business,  have 
caused  a  demand  for  large  public  buildings,  of  architectural  pre- 
tensions, and  capable  of  giving  the  required  accommodation. 
Thus,  the  City,  in  addition  to  the  halls  of  its  corporations,  its 
banks,  and  its  dock  buUdings,  has  now  many  ornaments  to  boast  of 
in  the  noble  offices  erected  for  transacting  the  business  of  the 
assurance  companies.  It  has  been  fortunate,  too,  that  witli  the 
rise  of  these  establishments,  there  has  been  a  ctmcurrent  improve- 
ment in  public  taste,  which  has  been  productive  of  emulation  among 
the  architects,  and  has  given  us  each  year  a  better  class  of  works. 

^Vliat  the  club  is  to  the  street  architecture  of  the  west-end,  the 
assurance  office  is  to  the  city  ;  and  the  edifices  devoted  to  the  more 
useful  purposes  of  life,  it  is  pleasing  to  see,  are  not  inferior  to 
those  which  are  only  the  appendages  of  luxury.  Indeed,  the 
range  of  assurance  offices  in  London,  constitutes  in  its  architectu- 
ral, as  well  as  in  its  moral  aspect,  a  characteristic  of  which  England 
may  be  proud.  The  foreigner  has  hitherto  envied  us  our  charities, 
our  parks,  and  our  clubs ;  he  will  now  have  another  feature  in  the 
physiognomy  of  London,  wliich  suggests  honourable  associations 
in  connection  with  the  private  and  domestic  habits  of  the  profes- 
sional and  middle  classes,  and  testifies  to  their  earnest  and 
provident  care  for  those  to  whose  comfort  their  lives  have  been 
devoted. 

The  Sun,  the  Alliance,  the  Amicable,  the  Globe,  and  the  Atlas, 
are  but  a  few  among  the  buildings  which  will  i-eadily  suggest 
themselves  as  coming  within  the  class  we  have  mentioned,  each 
the  centre  of  operations  of  some  great  institution,  in  which  pro- 
perty to  a  large  amount  is  insured,  or  on  which  thousands  of  wives 
and  of  children  depend  for  provision  when  widowhood  or  orphan- 
age may  be  their  lot.  Of  the  architectural  merits  of  most  of  the 
buildings  named,  we  have  Iiad  the  opportunity  of  speaking  on 
other  occasions ;  we  have  now  to  add  to  our  list  the  office  of  the 
Imperial  Insurance  Company. 

The  Imperial  Fire  Insurance  Company  was  formed  in  1803, 
under  a  deed  of  settlement  by  wliich  the  capital  was  declared  to 
consist  of  2,400  shares,  of  £500  each,  but  on  which,  only  ten  per 
cent,  has  ever  been  called.  The  invested  capital  now  exceeds  half 
a  million,  to  secure  a  permanent  dividend  of  twelve  per  cent., 
payable  half-yearly,  independently  of  bonuses  which  have  hitherto 
been  equal  to  as  much  more,  and  accounts  for  the  shares  being  of 
greater  value  than  those  of  any  other  existing  similar  establish- 
ment. The  Life  Office  (wliich,  although  bearingthe  same  name  and 
carrying  on  its  business  under  the  same  roof,  is  a  totally  distinct 
concern)  was  formed  under  a  similar  deed  of  settlement,  in  1820. 
Its  capital  consists  of  7,500  shares,  of  £l00  each,  on  which  only 
ten  per  cent,  has  ever  been  paid  up ;  to  secure  a  dividend  on 
which,  payable  annually,  an  ample  capital  is  invested  in  the 
puldic  funds,  independently  of  an  accumulated  premium  fund  now 
e.xceeding  £700,000,  and  bonuses  which  are  declared  quin- 
quennially. 

The  directors  of  these  two  companies,  finding  the  accomodation 
afforded  by  the  premises  they  have  hitherto  occupied  in  Sun-court, 
Cornhill,  inadequate  to  the  wants  of  the  respective  offices,  de- 
termined, in  September  1846,  to  erect  others  on  the  site  they  had 
purchased  at  the  corner  of  Old  Broad-street  and  Tbreadneedle- 
street;  for  which  purpose,  several  architects  were  invited  to 
furnish  designs,  and  having  done  so,  Mr.  Shaw,  one  of  the  official 
referees  was  called  in  to  assist  the  directors  in  their  selection  : 
that  resolved  on  the  adoption  of  Mr.  Gibson's  design,  now  nearly 
completed  by  the  Messrs.  Piper,  who  took  the  contract  for  the 
erection. 

Mr.  Gibson  is  the  architect  of  the  Baptist  Chapel  in  Bloomsbury- 
street,  of  which  we  lately  gave  the  elevation,  and  who  may  consider 
himself  pre-eminently  fortunate  in  being  able  to  make  his  profes- 
sional dsbiH  in  two  public  structures,  produced  simultaneously. 
The  one  which  forms  the  subject  of  our  engraving  this  month,  is 
the  Imperial  Insurance  Office,  which  stands  at  the  corner  of  Old 
Broad-street  and  Threadneedle-street.  It  is  an  astylar  composi- 
tion, of  the  Italian  Palazzo  style,  executed  in  Portland  stone, 
and  has  unquestionably  made  a  very  great  improvement  in  that 
part  of  the  city,  if  only  by  removing  what  used  to  be  a  very  ugly 
and  inconvenient  sharp  corner ;  in  lieu  of  which,  that  angle  is  now 
cut  off,  and  is  made  to  form  a  distinct  and  distinguished  compart- 
ment of  the  general  design,  and  is  so  placed  as  to  present  itself  to 


the  eye  in  a  very  striking  manner ;  and,  with  its  two  neighbouring 
buildings— the  Hall  of  Commerce  on  one  side,  and  the  Mentor 
Assurance  Office  on  the  other— forms  a  rather  important  architectu- 
ral group,  ni  which  there  is  certainly  no  lack  of  variety,— the 
Iniperial  Office  being  as  studiedly  ornate  as  tlie  other  t'vo  are 
studiedly  simple  not  to  say  sexere  and  cold  in  stj-le.  Or  perhaps 
we  should  qualify  our  opinion  by  saying,  that  the  facade  of  the  HaU 
of  Commerce  would  look  somewliat  cold  and  bare  a'san  architectu- 
ral composition,  were  it  not  for  the  panel  frieze,  which  is  in  a  double 
sense  a.rel,ej,  and  which  while  it  sets  off  the  fapade,  is  in  turn  set 
off  by  Its  very  subdued  tone  of  decoration.  A  similar  universal 
degree  and  mode  of  embellishment  in  point  of  sculpture,  is  also 
a  trait  in  tlie  design  of  the  Imperial  Office,  all  the  key-stones 
ot  its  ground-floor  windows  being  enriched  with  car\'ed  masks  or 
heads  upon  them— not  a  mere  repetition  of  each  other  but  varying 
in  character,— while  the  large  panel  in  the  upper  part  ot  the 
south-west  compartment,  between  the  Threadneedle-street  and 
the  Broad-street  fronts,  will  display  a  relievo,  consistinrr  of  two 
sitting  female  figures,  considerably  above  life-size  witli  three 
shields  between  them,  bearing  the  arms  of  England,  Scotland  and 
Ireland  :— which  piece  of  sculpture,  and  the  kev-stones  just  men- 
tioned (amounting  in  all  to  fourteen  in  the  two  fronts),  are  by 
Mr.  Thomas,  an  artist  extensively  employed  at  the  new  Palace  of 
Westminster.  Highly  satisfactory  is  it  to  perceive  such  attention 
to  artistic  finish  bestowed  upon  a  building  which,  had  it  been 
erected  some  dozen  or  fifteen  years  ago,  would  have  been  turned 
out  of  hand  very  differently,—' both  with  the  minimum  of  detail 
and  with  the  minimum  of  design  bestowed  upon  tliat.,  as  witness 
the  Alliance  Office,  in  BartholomcM-lane,  and  the  ''  Atlas "  in 
Cheapside,— or  the  City  Club-house,  in  Broad-street;  all  of  which 

may  claim  tlie  merit  of  being  exceedingly  simple  and  unartificial 

provided  unartifical  and  iinartixtic  be  synonymous  and  convertible 
terms.  The  Imperial  Office  has  been'  enriched  with  great  pro- 
priety, the  ornaments  being  in  perfect  keeping  throughout,  and 
at  the  same  time  they  are  profuse  and  well-executed. 

We  can  now  only  allude  to  the  interior,  as  it  is  not  yet  quite 
finished ;  but  every  attention  appears  to  have  been  bestowed  upon 
the  official  arrangements,  and  e\'ery  precaution  taken  to  render  the 
Offices  fire-proof.  The  "  strong-room "  has  been  fitted  by  Mr.  Lead- 
beater  with  wrought-iron  doors,  filled  with  a  chemica'l  compound 
for  making  them  jierfectly  fire-proof,  and  ventilating  gates.  Tliis 
room  appears  to  be  a  perfect  pattern  of  safety. 


CANDIDUS'S     NOTE-BOOK, 
FASCICULUS  LXXXIII. 

**  I  must  have  liberty 
Withal,  as  large  a  charter  a^  the  winds. 
To  blow  on  whom  I  please.*' 

I.  One  of  the  essays  in  the  piquant  little  volume,  entitled 
"  Friends  in  Council,"  is  upon  the  subject  of  Public  Improvements. 
As  to  the  essay  itself,  it  is  disappointingly  brief,  and  deals  too 
much  in,  or  rather  is  confined  to,  abstract  generalities.  There 
are,  howe\er,  one  or  two  remarks  introduced  in  the  subsequent 
conversation  between  the  "  Friends"  tliemselves,  that  deserve  to 
be  pointed  out.  The  first  of  them  which  I  select  would  furnish 
matter  for  a  discourse  or  paper  of  some  length: — ^'- Mitcerton: 
'  There  is  one  thing  I  forgot  to  say, — that  we  want  more  individual 
will  in  building,  I  think.  As  it  is  at  present,  a  great  builder 
takes  a  plot  of  ground,  and  turns  out  innumerable  houses,  all 
alike — the  same  faults  and  merits  running  through  each  :  thus 
adding  to  the  general  duliiess  of  things.' " — Such  system  of  house- 
manufacturing  for  the  market  operates,  it  must  be  confessed, 
very  injuriously  for  architecture.  A  single  design  is  made  to  serve 
for  scores — perhaps  hundreds,  of  houses  ;  nor  is  much  study  be- 
stowed upon  that  pattern  or  matrix  design.  So  that  it  provides  a 
sufficiently  commodious  dwelling,  with  all  the  useful  routine  ac- 
commodations looked  for  in  a  '■  respectable"  house,  and  a  sufficiently 
tasty  appearance  externally — for  your  builders  deal  largely  in  the 
"tasty,'  though  not  in  the  tasteful, — nothing  more  is  tiiought  of. 
London  houses  have  no  individuality :  never  do  you  find  a  single 
original  or  pet  idea  carefully  worked  out  in  any  one  of  them.  One 
advantage  of  this  is,  that  you  are  as  well  acquainted  with  every 
nook  and  corner  of  your  neighbour's  house  as  )ou  are  with  your 
own  ;  another,  that  you  are  relieved  from  all  responsibility  on  the 
score  of  taste,  it  being  that  of  the  confounded  builders, — not 
your  own. 
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II.  To  continue  quotinff  : — in  EUe.tmeres — not  the  Karl's — 
reulv  we  meet  witli  this  simiewliat  perilous  questiim  : — "  '  By  the 
u-ay,   Milverton,   I   want  to  ask 


you  one  tiling.  How  is  it  that 
governments  and  committees,  and  the  bodies  that  manajare  in;itters 
of  taste,  seem  to  be  more  tasteless  than  the  average  run  of  people  ? 
I  will  wager  anything,  that  the  cabmen  round  Trafalgar-s(|uare 
would  have  made  a  better  thing  iif  it  than  it  is.  If  you  liad  put 
before  them  several  i>rints  of  Fountains,  they  would  not  have  chosen 
those.'"  To  which  Milverton  responds:  '-'I  think  with  you,  but 
ha^  e  no  theory  to  account  for  it.' " — Partly,  and  even  mainly,  ac- 
counted for  it  might  be,  by  saying:  It  is  because  in  all  sucli  mat- 
ters, committees  hold  themselves  to  be  utterly  irresponsible  for 
their  acts,  and  because  no  one  cares  to  convince  them  of  the  contrary, 
by  formally  calling  them  to  account.  So  long  as  Committees  of 
Taste,  or  whatever  else  tlieir  actual  designation  may  be,  are  suffered 
to  carry  on  their  councils  and  operations  behind  the  curtain,  what 
better  can  be  expected  than  mere  random  experimentalizing  and 
blundering,  at  John  Bull's  expense.'  He  it  is,  the  British  Donkey, 
though  flattered  by  lieing  drawn  as  the  British  Lion,  who  pays 
for  all. 

III.  "'Now.  Milverton,'"  says  Ellesmere  again,  "'would  you  not 
forthwith  pull  down  such  things  as  Buckingham  Palace,  and  the 
National  Gallery  ?'"  To  which  the  reply  is  :  '•'  I  would  pull  them 
down  to  a  certainty,  or  some  parts  of  them  at  any  rate  ;  but  whe- 
ther "forthwith,"  is  another  question." — As  Mr.  Blore's  imprnre- 
meiit  of  the  Palace  had  been  commenced  before  the  book  here 
quoted  from  was  published,  we  are  at  liberty  to  suppose  that,  in  the 
writer's  opinion,  such  improvement  does  not  render  ])ulling  down 
at  all  the  less  desirable,— perhaps,  even  more  so  than  ever.  As 
affairs  liave  since  turned  out,  the  times  are  not  at  all  propitious  for 
schemes  of  building  either  new  Royal  Palaces,  or  new  National 
Galleries.  M'ith  regard  to  the  Gallery,  notwithstanding  its  imper- 
fections, it  is  susceptible  of  very  decided  improvement  as  it  now 
stands, — capable  of  easily  being  made  what  it  ought  to  ha\e  been 
at  first.  Even  at  present,  it  is  not  so  much  the  "  Gallery"  itself,  as 
the  other  buildings  and  accessories,  that  render  Trafalgar-square  a 
failure.  Those  on  the  east  side  are  in  the  most  pert  and  vulgar 
taste,  and  require  to  be  pulled  down  quite  as  much,  or  even  much 
more,  than  the  "  Gallery" — if  anything  is  ever  to  be  made  of  the 
Squai-e  as  an  architectural  ensemble.  As  to  the  west  side,  the  best 
that  can  be  said  of  it  is,  that  it  serves  as  a  foil  to  the  "  Gallery," 
and  is  more  lucky  than  the  latter  ;  probably  owing  to  its  being 
sheltered  from  the  shafts  of  criticism  by  the  august  name  of  Sir 
Robert  Smirke.  Indeed,  it  is  somewhat  unaccountable,  that  those 
who  ai'e  so  dissatisfied  with  both  the  Gallery  and  the  Fountains, 
should  be  so  complacently  tolerant  of  all  the  rest,  and  even  go  into 
extasies  of  admii-ation  of  St.  Martin's  Church,  which,  the  columns 
of  the  portico  alone  excepted,  is  a  compound  of  tastelessncss,  un- 
couthness,  and  deformity.  There  is  not  a  single  feature  in  it  that 
harmonizes  with  the  order,  or  is  at  all  in  the  spirit «f  the  style  so 
professed.  In  one  respect,  the  Church  and  the  Gallery  are  nearly 
on  a  par,  it  being  difficult  to  decide  which  is  the  ugliest — the 
steeple  or  the  one,  or  the  dome  of  the  other.  Both  the  one  and 
the  other  may  be  said  to  contrast  with  the  respective  porticoes ; 
but  there  is  a  very  wide  difference  between  grating  dissonance  and 
that  artistic  contrast  which,  while  it  introduces  variety  and  ]n-e- 
vents  too  great  sameness,  contributes  to  general  harmony.  Of 
such  contrast  and  harmony  we  have  example  in  the  human  counts- 
nance,  where  the  eyes  and  mouth  are  placed  horizontally,  and  the 
nose  forms  a  vertical  line  coming  in  between  them.  A  reyiilur  and 
well-trained  critic  might  object  to  this,  and  contend  tliat  nature  is 
here  at  fault;  and  that  there  would  be  more  pleasing  regularity  were 
either  the  nose  ]>laced  in  the  same  direction  as  the  other  features, 
or  the  latter  in  that  of  the  nose.  Still,  there  is  very  great  com- 
fort left  for  him,  if  not  for  us — namely,  that  there  is  preceilent — 
aye,  Tiniversal  precedent — for  noses  being  placed  just , as  they  are. 
But  now  I  am  getting  too  rigmarolish  ;  therefore,  break  off. 

IV.  I  find  that  I  have  omitted  an  observation  in  Milverton's 
reply  to  Ellesmere's  sneer  at  the  taste  of  governments  and  com- 
mittees, that  deserves  to  be  attended  to.  "  •  I  suppose,'  "  says  the 
latter,  " '  that  these  committees  are  frequently  ham])ered  by  other 
considerations  than  those  whicli  come  before  the  jiuhlic,  when  they 
are  looking  at  the  work  done.  And  this  may  be  some  excuse. 
There  was  a  custom  which  1  have  heard  ])revailed  in  former  days 
in  some  of  the  Italian  cities,  of  making  large  models  of  the  works 
of  art  that  were  to  adorn  the  city,  and  jmtling  them  up  in  the 
places  intended  for  the  works  when  finished,  and  then  inviting 
criticism.  It  would  really  be  a  very  good  plan  in  some  cases.'" — 
No  doubt,  but  jiracticablo  only  for  small  ornamental  works,  such 
as  fountains,  triiim])hal  arches,  public  statues,  monumental 
crosses,  &c.    A  full-sized  model  of  such  an  edifice  as  the  "  Houses 


of  Parliament,"  or  even  of  the  new  building  at  Buckingham 
Palace,  would  have  lieen  rather  too  cumbrous  and  costly  an  affair 
for  an  ex]ieriment  of  the  kind.  Had  any  other  design  been  chosen 
for  the  purpose  than  the  Corinthian  column — a  model  of  which 
would  ha\e  been  altogether  superfluous — the  Nelson  Monument 
miglit  properly  enough  have  been  tried  beforehand,  by  means  of 
a  full-sized  model  of  it  put  up  on  the  spot.  Vet,  when  we  con- 
sider what  a  mere  farce  was  played  Avith  the  model,  or  (>liat  was 
meant  for  model,  of  the  Wellington  Statue  on  the  Archway, 
which  was  allowed  to  remain  up  only  two  days,  when  it  was 
snatched  away,  lest  it  should  be  pelted  at  with  further  volleys  of 
censure  and  derision, — we  must  pronounce  trial  by  model — at 
least,  when  so  conducted — to  be  altogether  nugatory.  If  the 
Statue-committee  made  a  show  of  "  inviting  criticism,"  they 
showed  also  wonderful  alacrity  in  running  away  from  it,  after  its 
very  first  fire.  Inviting  criticism  before-hand,  forsooth  !  commit- 
tees have  no  notion  of  doing  that.  Their  policy  invariably  is  to 
stave  it  off  as  long  as  they  possibly  can.  The  public,  it  will  be 
recollected,  were  not  permitted  to  sec  the  model  of  the  faf  ade  of  the 
British  Museum,  notwithstanding  that  there  was  one  in  existence, 
and  that  in  the  building  itself ;  and  notwithstanding  that  some  of 
the  newspapers  called  out  for  its  being  liberated  from  durance  under 
lock-and-key,  and  submitted  to  inspection  and  criticism.  AVell, 
we  have  now  the  facade  itself,  and  see  both  positive  faults  and 
numerous  short-comings,  all  whicli  might  ha\'e  been  foreseen  in 
the  model,  and  ought  to  have  been  corrected  accordingly.  It  is 
true,  the  facade  is  not  generally  ill-spoken  of, — simply  because  it  is 
not  spoken  of  at  all.  It  obtains  not  so  much  as  a  syllable  of 
praise  in  any  quarter ;  and  svicli  silence  is  tolerably  expressive  of 
disapprobation  and  disappointment.  The  new  building  at  Buck- 
ingham Palace,  is  in  the  same  unenviable  predicament.  It  has 
been  abandoned  to  mockery  and  contempt,  without  a  single  fa- 
vourable word  for  it  having  been  uttered  by  any  one;  although 
there  are  some  who  would  most  leadily  have  done  so,  had  thej'  not 
stood  in  awe  of  general  discontent,  and  been  apprehensive  that 
they  might  injure  their  own  credit  with  the  public  for  judgment 
and  taste,  by  attempting  to  persuade  them  that  the  design  is  at 
least  not  unsatisfactory. 

V.  So  long  as  committees,  and  those  who  }ia\e  the  management 
of  public  competitions  for  buildings,  shall  continue  to  be  left  irre- 
sponsible for  their  doings,  there  will  be  no  end  to  both  blunders 
and  dishonesty.  Persons  who  intend  to  act  honourably  and  fairly, 
do  not  need  to  screen  themselves  behind  a  curtain,  thereby  exciting 
a  suspicion  that  what  they  do  will  not  bear  the  gaze  of  broad  day- 
light. On  the  other  hand,  those  who  care  only  for  the  opportu- 
nity of  exerting  their  own  private  influence,  without  regard  to 
aught  besides — even  honourable  dealing  being  left  luit  of  the  ques- 
tion— ought  to  be  made  aware  that  if  they  so  act,  it  must  be  at 
their  own  peril.  There  is  scarcely  a  public  competition  of  any 
importance  that  does  not  occasion  complaints  of  unfair  intriguing, 
and  of  bad  faith  on  the  part  of  the  committee, — complaints  that 
can  very  well  be  endured ;  committees  being  sufficiently  aware 
that  with  mere  complaints,  the  matter  complained  of  blows  over, 
without  proceeding  to  the  extremity  of  exposure.  All  this  is  de- 
plorable enough ;  but  then,  how  is  it  to  be  remedied.''  I  should 
say,  that  what  ivould  go  very  far  towards  remedying  it,  if  not 
remedying  it  completely,  would  be  the  making  it  illkoai.  for  any 
committee,  or  other  body,  to  invite  architects  to  a  competition  by 
public  advertisement,  without  having  a  public  exhibition  before- 
hand of  the  designs  sent  in  in  the  first  instance,  and  without  entire 
publicity  in  all  otlier  respects,  the  names  of  the  committee  being 
published,  an<l  reporters  for  the  press  being  admitted  to  tlieir  dis- 
cussions on  the  relative  merits  of  the  designs.  As  matters  are 
cunningly  managed  at  present,  we  only  knov.  that  Mr.  A,  or  Mr. 
B's  design  has  been  selected  for  adoption  ;  but  how  many  ^•otes,  or 
who  were  the  persons  who  voted  for  or  against,  it  is  impossible  to 
learn,  much  less  the  arguments  they  made  use  of.  The  Army  and 
Navy  Club,  who,  it  is  to  be  presumed,  call  themselves  gentlemen 
and  men  of  honour,  have  laid  themselves  open  to  the  imputation 
of  the  most  bungling  and  hare-faced  trickery,  by  callingan  unlimited 
competition  in  the  first  instance,  and  afterwards  setting-  that 
aside,  and  having  a  second  one  limiteil  to  */.r,  of  course  of  their 
own  choosing,  after  the  site  (at  first  rather  an  inconvenient  one, 
and  therefore  tasking  all  the  ingenuity  of  the  first  competitois)  had 
been  considerably  enlarged,  by  taking  in  another  house  in  Pall- 
Mail.  The  Army  and  Navy  Club  ought  to  blush  at  being  con- 
victed of  such  downright  knavery  ;  yet,  they  will  not  do  so,  be- 
causE  they  know  that  they  are  behind  a  curtain,  and  that  the 
names  of  the  committee («)(y(o/  be  shown  up,  as  they  deserve  to  be, 
as  those  of  a  pack  of  tricksy  jugglers.  One  comfort,  if  a  comfort 
it  be,  is,  that  they  have  tricked  themselves ;  for  from  what  has 
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been  said  of  it,  they  seem  to  hare  jifot  a  most  Pecksniffian  plan  for 
their  building-.  Were  I,  as  tliank  God  I  am  not,  a  member  of  the 
Army  and  Navy  Club,  I  should  be  tempted  to  hang  myself  out  of 
pureVexation.  iVfter  what  they  have  done.  Navy  and  Knavery  are 
likely  to  beL-ome  synonymous  words. 

VI.  The  idea  of  manufacturing  the  picturesque  out  of  sucli 
things  as  labourers'  cottages  is  not  a  little  absurd;  more  especially, 
when  two  most  embarrassing  conditions  are  annexed  to  the  task — 
tirst,  that  they  shall  be  erected  at  a  minimum  of  cost ;  secondly,  ■ 
that  they  shall  be  free  from  all  those  defects,  discomforts,  and  in- 
conveniences which  accompany  and  contribute  to  picturesque 
quality  in  the  works  of  village  Vitruviuses,  which  marked  in  their 
ram  state  only  by  uncouthness  and  meanness,  are  touched,  tinted, 
and  mellowed  down  by  time  and  weather,  into  objects  delightful  to 
the  painter's  eye,  and  congenial  subjects  for  his  pencil.  Dilapida- 
tion, or  something  approaching  to  it,  and  touches  of  lichenous 
vegetable  incrustation,  are  almost  indispensable  to  qualify  a  cottage 
for  obtaining  an  artist's  interest  and  vote.  Nor  must  paucity  and 
sniallness  of  apertures  be  forgotten.  Yet  all  these  beauties,  and 
many  others  not  here  enumerated,  are  only  so  many  defects  in  the 
eyes'of  many  well-meaning,  but  prosaic  and  anti-picturesque  people. 
In  fact,  a  cottage  to  look  at,  and  a  cottage  to  live  iti,  are  two  quite 
distinct  things  :  the  former  requires  all  that  constitute  so  many 
defects  in  the  latter,  and  vice  versa.  While  your  philanthropist 
would  have  no  such  things  as  rags  in  the  world,  the  artist,  on  the 
contrary,  insists  upoa  them ;  not,  indeed,  for  himself,  if  he  can 
possibly  lielp  it,  but  rags  he  must  and  will  ha\'e  for  his  beggars 
and  gipsies.  And  so  is  it  with  regard  to  cottages.  I  was  speak- 
the  other  day  to  an  artist  friend  of  mine  on  the  subject,  and  the 
schemes  for  improving  laljourers'  cottages  secundum  artem. 
Shorn  of  sundry  emphatic  words,  that  may  as  well  be  here  omitted, 
one  of  his  observations  was :  "  At  this  rate,  we  shall  not  have  a 
decently  down-falling-looking-  old  tenement,  nor  a  properl}-  beg- 
garly hovel  in  all  England."  It  was  to  ^•ery  little  purpose.  I  ob- 
served, that  painters  might  draw  upon  their  imagination  for 
i:ottages,  as  they  now  do  for  a  good  many  other  things,  cherubim 
included.  So  far  from  being  consoled  by  the  comfort  1  held  out 
to  him,  he  seemed  rather  nettled  at  my  remark. 

VII.  No  doubt,  cottages  maybe  built  so  as  to  be  exceedingly 
convenient  and  comfortable  within,  and  at  the  same  time  suffi- 
(ueutly  picturesque  in  external  appearance — at  least  when  Time 
shall  have  done  his  part  to  them, — until  when,  they  would  be  apt 
to  look  as  if  they  had  just  been  unpacked  and  taken  out  of  band- 
boxes. Moreover,  they  would  be  comparatively  expensive  affairs; 
not  perhaps  ijuite  so  costly  as  royal  cottages,  but  more  so  than 
suits  the  purses  or  else  the  parsimony  of  the  devotees  to  the 
picturesque.  There  are  bargain-hunters  even  in  matters  archi- 
tectural,— people  \\'\io  want  things  both  cheaj)  and  tasty,  but  who 
generall)'  find  out  in  the  end  that  by  the  change  oi  a.  t  into  an  «, 
thev  have  got  hold  of  what  is  termed  the  "'  cheap  and  nasty."  It  is, 
indeed,  possible  to  produce  tasteful  and  striking  effect  with  com- 
paratively little  or  no  money  cost.  Nevertheless,  such  effect  costs 
something ;  if  nothing,  or  next  to  nothing,  to  the  employers,  it 
costs  architects  a  \ery  great  deal, — nothing  less  than  a  life  of  study, 
.-lud  inlinitel)'  more  study  than  many  make  to  suffice  for  a  whole 
life-time.  Let  me  not  be  understood  as  saying,  that  comfortable- 
ness, convenience,  and  other  more  directly  utilitarian  than  poetic 
or  sentimental  matters,  ought  at  all  to  be  interfered  witli  for 
tlie  sake  of  ensuring  picture-like  appearance.  But  I  do  con- 
tend that  small  dwellings,  built  with  regard  both  to  such  comforta- 
bleness, and  to  strict  economy  in  point  of  cost,  can  never  be  beautiful 
objects  in  any  sense  of  the  term,  unless  beauty  and  homeliness  be 
one  and  the  same  thing.  Neitlier  are  they  likely  ever  to  become 
even  picturesque, — because  what  will  render  a  mere  hovel  so, 
causes  them  to  appear  only  tristefulhj  squalid,  and  equally  offensive 
to  feeling  and  to  taste.  No  one  has  yet  disco\'ered  the  way  of 
making  "  a  silk  purse  out  of  a  sow's  ear."  You  may,  indeed,  tie 
:i  silk  purse  to  it,  and  one  well  filled  with  gold  :  and  so  may  you 
trick  out  a  cottage  with  much  that  shall  be  from  the  lery  first 
highly  pleasing,  on  account  of  its  being  studiedly  elegant  and 
tasteful;  but  then  it  will  be  an  expensive  affair — at  any  rate, 
ciimparatively  expensive,  because  if  effect  is  to  be  attended  to  and 
produced,  there  must  be  a  good  deal  more  or  less  beyond  what 
mere  necessity  would  dictate.  Besides  which,  even  if  cost  be  not 
at  all  regarded,  there  is  very  great  danger  of  a  building  of  the 
kind,  when  intended  partly  as  an  ornamental  object,  turning 
out  a  very  finical-looking  one.  He  who  is  a  mere  architect,  is  not 
capable  of  treating  such  subjects  properly:  in  order  to  do  so,  he 
must  have  more  of  the  artist  in  him  than  falls  to  the  share  of 
architects  in  general, — 'or,  instead  of  the  artistic  or  artistic- 
picturesque,  he  will  only  give  us  the  artificial.    Was  ever  painter 


so  smitten  by  what  may  be  called  an  architectural  tricked-out 
comme-il-faut  and  secundum  artem  design,  as  to  venture  to  introduce 
it  into  a  picture  ?  As  soon  would  he  think  of  peopling  a  landscape 
with  the  satin-slippered  and  silk-stockinged  peasants  of  the  Opera- 
house,  instead  of  the  vulgar  worsted-stocking,  or  perhaps  stock- 
ingless,  creatures  of  real  life,— wliether  iji  the  land  of  John  Bull,  or 
any  other.  Cottages  tliat  are  really  and  positively  picturesque, 
are  those  erected  by  people  who  ne\er  thought  of  the  picturesque, 
or  perhaps  even  never  heard  of  such  word.  If  it  should  be 
asked  what  it  is  then  that  has  rendered  them  picturesque,  I 
answer,  Accident,  and  all  that  causes  builders,  surve\ors,  ap- 
praisers, and  auctioneers  to  shake  their  heads  at  them,  as  if  there 
was  anything  in  them — I  mean  in  their  own  heads. 


ARCHITECTURE  AT  THE  ROYAL  ACADEMY  ; 

AND     THE     ARCniTECTUKAL     DRAWINGS     AT     THE     EXHIBITION. 

Since  our  preceding  publication,  matters  look  more  and  more 
cheering — riper  for  reform,  and  indicating  the  necessity  for  it. 
The  Art-Jouniat  scruples  not  to  tell  its  readers  vei-y  bluntly  that 
architectural  drawings  have  no  business  to  be  in  the  Exhibition. 
The  editor  seems  to  have  made  up  his  mind  that  there  could  not 
possibly  be  two  opinions  as  to  the  proprietj-  of  excluding  them 
altogether ;  and,  to  say  the  truth,  they  might  almost  as  well  be  so 
as  experience  the  scurvy  treatment  they  now  do.  As  to  the  ill- 
will  which  he  manifests  towards  architecture,  we  will  merely  say, 
that  it  is  not  exactly  the  tliiiiy  for  a  gentleman  to  do  who  conducts 
an  art-journal,  and  who  professes  to  watch  over  the  interests  of 
art  in  all  its  branches, — and  some  of  the  lowest  of  them  he  takes 
under  his  especial  patronage  :  much  good  may  it  do  them.  Con- 
sidering the  quarter  it  comes  from,  we  are  not  at  all  surprised  at 
the  ill-will  just  instanced  ;  but  surprised  we  are,  and  that  in  no 
small  degree,  at  an  outrageous  instance  of  similar  feeling  on  the 
part  of  the  Royal  Academy.  As  the  fact  has  been  publicly  noticed 
and  animadverted  upon  by  others,  our  readers  will  probably  have 
guessed  that  we  allude  to  a  model  of  Miss  Burdett  Coutts's  church 
having  been  sent  in  by  its  architect,  Mr.  Ferrey,  and  turned  away  ! 
No  wonder,  therefore,  that  there  is  nothing  of  the  kind  in  this 
season's  exhibition.  If  there  vvere  any  other  productions  of  the 
same  class  that  met  with  the  same  fate,  we  cannot  say  :  it  is  just 
as  probable  as  not  that  there  vvere  at  least  some  ;  yet,  whether  such 
were  the  case  makes  no  difference  as  to  the  animus  displayed  by 
the  Academy.  Had  more  models  been  sent  in  than  could  possibly 
be  accommodated,  some  of  them  must,  of  course,  have  been  ex- 
cluded. But  to  reject  while  there  was  room — not  to  suffer  so 
much  as  a  single  one  to  appear  in  the  Exhibition,  vvas  really  too 
bad,  and  showed  singular  \iant  of  tact  also.  If  the  Academy 
were  determined  not  to  admit  models,  they  ought  at  least  to  have 
said  as  much  in  their  advertisements  to  those  who  intended  to 
exhibit.  That  would,  at  any  rate,  have  been  acting  straight- 
forwardly. They  might  have  been  well  aware,  that  although 
models  actually  e.\hibited  might  fail  to  obtain  notice,  the  entire 
absence  of  them  would  excite  remark.  Had  none  been  sent,  what- 
ever remark  had  been  made  could  not  affect  them,  because  they 
cannot  compel  persons  to  exhibit.  But  to  act  as  they  have  done  is 
nothing  less  than  a  solemn  blunder,  it  being  certain  to  lead  to 
explanations  and  comments  that  are  not  at  all  to  the  honour  of  the 
Academy.  If  the  painters  are  ashamed  of  having  architecture  in 
their  company,  let  them  honestly  and  openly  declare  as  much, 
instead  of  resorting  to  every  sort  of  mean  and  dirty  trickery  in 
order  to  force  it  out.  If  the  Academy  can  shift  without  archi- 
tecture, the  latter  can  shift  equally  well  without  the  Academy, 
there  being,  most  luckily,  another  royal,  and  eminently  public- 
spirited  body,  which  only  waits  for  architecture  being  dismissed 
from  the  Academy,  to  bring  it  more  effectively  before  the  public. 
Nothing — so  we  are  assured — but  delicacy  towards  the  Academy, 
has  withheld  the  Institute  from  getting  up  an  annual  exhibition  of 
architectural  designs  of  every  class,  upon  an  adequate  scale. 
AVell,  they  need  not  now  be  restrained  by  delicacy,  for  it  would  be 
entirely  thrown  away  after  the  "  exliibition"  of  the  cloven-foot  in 
their  conduct  towards  architecture. 

For  our  part,  we  are  not  at  all  sorry  that  the  Academy  have 
acted  as  they  have  done,  because  they  now  leave  no  room  for 
doubting  of  their  hostility  towards  architecture.  They  have  now 
fairly  committed  themselves  ;  and  if  architects  should  not  now  be 
stirred  up  to  resent  the  insults  put  upon  their  art,  and  upon  them- 
selves as  a  professional  body,  they  will  richly  deserve  to  be  treated 
with  ignominy  and  scorn.    We  would  fain  be  of  better  hope.    We 
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trust  tliat  not  only  they  "ill  in-opeily  resent  it,  Imt  tliat  the  Pro- 
fessor of  Arrliitec'ture  liimselt'  «ill  now  rouse  liiniself  J'rom  his 
letli.irf;y,  and  stand  np  for  the  lionour  and  tlie  interests  of  liis  own 
art.  If  he  do  not  do  so,  tlie  sooner  lie  has  a  successor  the  Letter ; 
for  even  should  it  be  "  Mr.  Pecksniff"  himself,  he  cannot  jmssibly 
do  less,  and  niifrl't  prohahly  do  a  little  more.  Mr.  (ockerell  is, 
we  have  no  doubt,  a  very  well-nieaninjj: gentleman,  and  sufficiently 
uell  (jualificd  to  discharge  the  duties  of  his  office,  so  long  as  diffi- 
culties do  not  j)resent  themselves  ;  but  he  does  not  show  himself 
to  lie  the  man  wlio  is  both  capable  of  and  determined  to  meet  diffi- 
culties boldly,  and  to  exert  himself  energetically  in  behalf  of  that 
ait  which  his  jirofessorship  at  the  Academy  points  him  out  to  the 
public  as  the  representative.  If  he  has  expostulated  with  the 
Academy  in  regard  to  their  treatment  of  arcliitecture.  he  does 
himself  very  great  injustice  in  concealing  it  from  the  world; 
thereby  leaving  it  to  be  inferred  that  he  is  altogether  indifferent 
to  the  matter. 

After  this  fiiwlc,  if  so  it  should  be  called,  thcuigli  what  we  have 
said  is  ueitlier  nncaUed  for  nor  nnjirovoked,  we  were  going  to  say 
tliat  we  resume,  and  proceed  with  our  remarks  on  the  subjects 
exhiliited,  when,  as  ill  luck,  or  at  any  rate  luck  of  some  sort  or 
other,  will  have  it,  we  are  perforce,  compelled  to  jiostpone  them 
till  our  next  inimber,  when  we  shall  lay  them  before  our  readers. 
In  the  meanwhile,  we  have  at  any  rate  given  them  something  to 
cogitate  upon,  inviting  those  who  may  agree  with  us  to  support  us 
in  our  opinions  by  expressing  their  ow  n,  and  assuring  those  who 
may  liappen  to  dissent  from  them  that  we  are  ipiite  ready  and  wil- 
ling to  receive  and  listen  to  whatever  they  may  have  to  advance 
tliat  shall  countenance  the  treatment  wliicli  architecture  receives 
at  the  hands  of  that  specimen  of  royalty — the  Royal  Academy  ! 


COLLISION   OF  TRAINS. 

In  the  following  paper  we  propose  to  determine  the  shock  ex- 
perienced at  any  part  of  a  railway  train  during  a  collision,  and  to 
propose  methods  for  obviating  the  mischief  that  ensues.  To  sim- 
plify our  ideas,  let  us  first  suppose  the  weights  of  the  separate 
carriages  all  equal,  and  the  buffers  removed.  Let  the  number  of 
carriages  be  N  ;  the  impulse  on  the  first  carriage  that  sustains  the 
shock  R;  >■„  the  impulse  between  the  »th  and  j/  -{-  Itli  carriage  : 
then  the  velocity  in  all  parts  of  the  train  being  the  same  relatively, 
both  before  and  after  impact,  the  carriages  being  supposed  in- 
elastic, and  the  masses  of  all  the  carriages  equal,  we  shall  have  the 
following  equation : — 

»Vi  +  L'  —  )"n  +  l   =  '"/i  +  l  —I'll,  for  all  values  of  ii  ; 
or,  r,i  +  •_•  -  2  r„  +  i  -{-  rn  —  0; 
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If  the  masses  of  tlie  carriages  had  been  unequal,  »/„  tlie  mass 
of  the  »th  carriage,  we  should  have  had   N  equations  of  the  form 

r„  +  2  —  rn  +  1            rn+  I   —  Tn  ,•.,,, 
-—   trom  wiuch  to  determine  r„,  &c. 

mn  +  2  »Ih  +  i  ■ 

From  this  we  conclude,  that  in  a  train  of  ei/>t(i/li/-loadcd  carriages 
III"  .sinir'i  iiirrmKC-s  (lirectlji  lis  the  itistinirc  of  mil/  i/iren  cnrriai/e  from 
til"  mil  nf  the  triiin  furthest  from  the  point  of  inijiuet. 

The  design  of  buffers  is  to  diminish  the  violence  of  the  shock ;  that 
is  to  say,  to  change  impulse  (which  is  intense  jircssure  continued 
for  a  very  short  time)  into  a  lesser  pressure  continued  for  a  longer 
time  ;  but.  as  we  shall  immediately  show,  it  is  not  [jractically  pos- 
sible to  construct  buffers  capable  of  thus  translating  the  whole  or 
any  considerable  ])art  of  a  violent  shock — such,  for  instance,  as  is 
exjierienced  when  an  express-engine  accidentally  is  turned  into  a 
siding  u])on  a  heavy  luggage-engine.  To  take  an  example  : — Let  the 
express-engine  weigh  'iO  tons  ;  its  rate  be  -lO  miles  an  hour ;  the  sta- 
tionary luggage-engine  weigh  .30  tons:  then,  \(in,pi\  be  the  masses 

)'  (»i  m') 
7)1  -{■  m" 
V  expressed  in  feet  per  second  =:  60  nearly ; 


of  the  trains,  uthe  velocity  of  the  express,  and  R: 


^  _  20  (22i0)  _         ,_    30(2240) 
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—  nearly,  in  masses  of  a  lb.  weight. 


.-.  R  :=  nearly  50,100  units  of  momentum,  or  the  momentum 
is  the  same  as  would  be  occasioned  by  a  mass  of  ;i,200  lb.  weight 
im])iiiging  on  a  fixed  olistacle  at  the  rate  of  504  feet  a  second. 

Let  us  now  determine  the  pressure  on  the  head  of  a  buffer  which 
is  capable  of  translating  this  shock  into  a  continuous  pressure. 
Let  the  filay  of  the  buffer  be  supposed  2  feet,  and  the  thrust  vary 
as  the  distjmce  by  wliich  the  rod  is  depressed.  Let  ;)  be  the 
pressure  when  the  rod  is  thrust  in  a  distance  j- ;  P  the  pressure 
when  the  rod  is  tlirust  in  a  distance  1  :  then/)  =  P.r. 

At  the  time  /,  from  the  commencement  of  the  impact,  let  the 
end  of  the  buffer  liave  moved  forward  a  .space  =:  z ;  the  head  of 
the  buffer  has  nupved  forward  a  space  =:  ;;  -  .r :  therefore,  the 
luggage-engine  has  been  pushed  forward  a  space  =:  a  —  x. 
Therefore,  neglecting  the  mass  of  the  buffer  as  small  compared 
with  the  masses  of  either  of  the  engines,  we  shall  have  these 
equations  (the  luggage-engine  being  supposed  without  buffers)  : — 

d'z  .  d'a: 


dt 
Eliminating 

/f/.r\2 


dt^^'^'^^'^dT' 
p   .   P 


er  =  -(^^) 


\ni         m  J 


/P         P  \ 
When  X  =  2  the  blow  is  expended,  and  r"  =  4  I  —  +  — ;  /  • 

v"  (ifi  7n") 

.  • .  P  =  -p-^ i^  ■=.  756,000  lb. ;  and  the  gi-eatest   pres- 

4  (»i  -\- )»') 

sure  =  P  X  2  =  twice  this  quantity,  or  675  tons. 

It  is  needless  to  say  that  such  a  buffer  is  purely  imaginary.  A 
far  better  plan  would  be,  to  have  one  or  two  carriages  of  very 
slight  construction,  and  filled  with  any  kind  of  soft  and  yielding 
material,  at  Iiotb  ends  of  a  train.  There  is  little  doubt  but  a  con- 
trivance of  this  kind  would  destroy  entirely  the  effect  of  many  shocks 
which,  unless  so  counteracted,  would  be  sufficiently  violent  to  en- 
danger life.  In  the  above  example,  to  avoid  the  difficulty  of  calcu- 
lating the  effect  of  several  buffers  acting  at  once,  the  case  of  a 
single  engine  impinging  on  another  has  been  considered.  But 
when  trains  are  attached,  it  is  dear  th.at  the  shock  will  be  still 
greater  than  that  just  calculated. 

If  the  play  of  the  buffers — that  is,  the  distance  through  which 
they  are  capable  of  moving,  be  extrenietij  small  as  compared  with 
the  length  of  the  carriages,  the   velocity  at  every  part   of  the 

train  will  be  the  same.      Therefore,  -r—:  is  the  same  at  every  part  ; 

and  if  P«,  Pn  — 1,  be  the  pressures  on  the  »*th  carriage,  arising 
from  the  buffers,  Ph  —  Pn  — i  =  P„  — i— P«  — :;  (the  weight  of 
the  carriages  being  supposed  uniform), — and,  as  before,  if  F  be 
the  pressure  on  the  buffer  of  the  carriage  nearest   the  shock, — 

P„will=    ^. 

Returning  to  the  equation  (   ,    ) 

when      -—  =  0,  and  tlie   buffer 
at 

\m         m  I 

From  this  we  see  the  gieat  advantage  of  having  a  long  play  oA 
the  buffers  :  the  pressure  P  will  be  diminished  in  a  ratio  varying 
as  the  square  of  the  length  to  wliich  the  buffer  plays — that  is.  if 
the  length  of  one  buffer-rod  be  twice  tlie  length  of  another,  and  the 
strength  of  the  spring  of  the  first  be  only  one-fourth  the  strength 
of  the  sjiriiig  of  the  last,  the  amount  of  shock  destroyed  by  either 
will  be  the  same. 

The  practical  effect  of  buffers,  as  they  are  ordinarily  disposed 
throughout  a  train,  is  to  resolve  so  much  of  the  impact  as  they 
cannot  altogether  absorb,  into  a  series  of  impacts  of  lesse 
momentum  ;  for  let  us  consider  what  would  happen  supposing  s 
train,  the  several  parts  of  which  are  separated  by  buffers,  to  im- 
pinge on  a  fixed,  immoveable  obstacle.    So  long  as  the  buffers  are 

all  acting,  P,(  =:  -cj-  ;    consequently,   the   pressure   on   the   first 

pair  of  buffers  is  greater  than  the  pressure  on  those  behind.  Let  V 
be  the  velocity  destroyed  by  the  total  shock,  cV  the  velocitj- 
destroyed  by  the  time  the  first  pair  of  buffers  has  ceased  to  .-ict  : 
then  a  velocity  (1  —  e).  V  has  to  be  destroyed  in  the  fir«t  carriage  by 


=     "= h  — I  X 

\m  ml 

driven   as   far   as    it    will 


Ig.t8. 


THE  CIVIL  ENGINEER  AND  ARCHITECT'S  JOURNAL. 


197 


a  force  (tf   impact,— for  the  pair  of  buffers  behind  will  be  still 
acting  for  some  little  time  after  the  first  pair  have  ceased  to  act. 

Again,  let  e'V  be  the  velocity  destroyed  before  the  second  pair 
of  buffers  cease  to  act ;  then,  as  before,  the  second  carriage  will 
be  suddenly  brought  to  rest  by  an  impact  on  the  first  carriage  ca- 
pable of  destroying  the  velocity  (l-e').V  in  the  second  carriage. 
Next,  the  third  carriage  will  be  suddenly  stopped;  this,  likewise, 
will  communicate  a  shock  to  the  first,  though  less  than  it  commu- 
nicates to  the  second;  and  so  on.  These  shocks  and  motions  will 
be  somewliat  \aried  by  the  resiliency  of  the  buffer-springs,  and  the 
impulsive  friction  of  tlie  rails  against  the  wheels  ; — this  latter  dis- 
turbing force  we  have  altogether  omitted,  as  being  comparatively 
insignificant.  On  the  whole,  then,  it  ajipears  that  buffers  very 
much  diminisli  the  intensity  of  a  shock,  altliough  they  are  in- 
capable of  utterly  absorbing  it,  supposing  it  to  be  of  great  intensity. 

I.  H.  R. 


ON  STONE  WALLS  AND  EMBANKMENTS  FOR 
RESERVOIRS  OF  WATER-WORKS. 

By  R.  G.  Clakk. 

The  intention  of  this  paper  is  to  treat  of  the  pressure  of  water 
against  walls  and  embankments  of  reservoirs  for  water-works  and 
canals,  and  to  lay  down  some  easy  formulfe  to  find  the  necessary 
dimensions  so  as  to  effectually  resist  the  pressure  of  the  water  ;  the 
demonstration  of  these  formula>  being  effected  by  the  simplest 
methods  of  investigation.  We  shall  first  exhibit  some  investiga- 
tions for  stone  walls.  The  level  of  the  surface  of  the  water  in  all 
cases  to  be  supposed  on  a  le\el,  or  co-incident  with  the  top  of  tlie 
wall  or  embankment,  so  as  to  favour  the  stability  of  the  structure 
in  case  of  floods  or  violent  agitation  of  the  water  by  storm  winds, 
— altliough  the  water  might  be  when  in  a  quiescent  state  but  two 
feet  from  the  top.  The  following  description  of  walls  are  required 
to  inclose  a  few  acres  of  water,  when  there  is  no  suitable  kind  of 
earth  to  be  obtained  in  the  locality  for  forming  an  embankment. 
The  walls  are  to  be  constructed  in  solid  masonry,  of  a  uniform 
connection  in  all  its  parts. 

I.  Given  the  height  of  the  wall,  the  depth  of  the  water  being  the 
same,  and  the  batters  on  eacli  side  of  the  wall  equal ;  to  determine 
the  thickness  of  the  wall  at  the  bottom  : — 

Let  A  B  C  D  be  a  vertical  section  of  the  wall ;  D  W  the  level 
of  the  water;  let  .i- denote  the  required  thickness,  A  B,  of  the  wall; 
the  batter,  B  F  or  E  A,  by  b ;  the  height  of  «  all  by  «  ;  the  specific 
gravity  of  water  by  unity  ;  and  that  of  the  material  by  .v.  After 
some  reduction,  we  have  for  the  equation  of  equilibrium. 

4  «6.r-^&-n  — ^n'-{-  .9Mh(  :=  0  («)  ; 

(see  "  Moseley's  Hydro- 
statics," Art.  51),  wliere 
M  =  area,  and  ni  hori- 
zontal distance  of  cen- 
tre of  gravity  G  from  A  ; 
M  =  i  a  (2  ,i-  —  2  ft)  = 
n  (.r  —  6)  ;  and  ?n  =i  2  .*' ; 

Therefore, 
s  M  ))j  =  2  a  X  i'V—b)  s  = 
moment  about  A  ;  which 
substitute  in  the  above 
general  equation, 

"1+1:    (1). 

3* 

E.f.  Given  the  height  of  the  wall  =  24  feet  ;  batter  each  side, 
Ifeet;  and  the  specific  gravity  of  the  material,  9  :  to  find  the 
tliiekness  at  bottom  and  top. 

Here  a  =  24 ;    ft  ^  4 ;    and  s  =  2. 

i^ubstitute  these   values  in  (1),   we  have  ,1-  -  2  j-  =  98'6  ; 

.  •  .   X  =  11  nearly  =  A  B ;   and  C  D  =  3. 

II.  Let  the  vertical  section  of  the  wall  be  rectangular,  or  the 
sides  vertical ;  to  find  the  thickness  at  bottom  : — 

Now  area  A  B  CD  X  J  distance  of  centre  of  gravity  from  A  =  ^  »^ 


we  have  .c-  +  (4-  ft) 


^  +  Q-0 


(3). 


a?  J^=  i  a^ ; 


— ;     hence,  j 


3s 


(9). 


£•.1'.  Given  the  height  of  the  wall  =  24  feet,  and  the  specific 

gravity  of  the  material,  2  :  to  determine  A  B. 

■1/   /  24^  \ 
,r  =:        {- — -  )  =  9'8,  the  thickness  required. 

III.  Let  the  side  of  the  wall  next  the  water  be  battered,  and 
the  side  behind  vertical ;  to  determine  A  B,  the  thickness  at  the 
base. 

Let  A  B  C  D  be  the  vertical  section,  and  let  fall  the  perpendicu- 
lar C  E. 

The  momentum  of  the  triangle 
C  E  B  about  A  from  its  horizontal 
distance  of  centre  of  gravity  g, 
s  .  ^  a  b  X  (i;  b  +  X  —  b). 
The  momentum  of  rectangle 
D  C  A  E  about  A  from  its  centre  of 
gravity, 

s'a  (x—  b)  X  i{x  —  b). 
Adding    these    two   together,   and 
substitute  for  s  M  m  in  equation  (o), 
as  in   first    case,   we    have,    after 
transposing, 

t±JL  -  i  If 
•       3.y  3 

Et.  Gi\en  the  height  of  waU,  24  feet ;  batter,  4  feet ;  and 
specific  gravity  of  stone,  2  :  required  the  thickness  of  the  top  and 
bottom.  ,  .  ^.        ,„. 

By   substitution  of  the   above  values   m  equation  (3), 

wehave,  .r^  —  2.r=  92-r. 
Solving  this  quadractic,  we  have  ,1  =  A  B  =  9-2  ;  top,  5-2. 

IV.  When  the  wall  is  battered  behind,   and  the  side  facing  the 

water  perpendicular.  „  ,  ^         .  ,      , 

The  two  first  terms  of  («)  vanish  when 
B  D  is  vertical ;        .-.  sUn  —  ia\ 

The  moment  of  triangle  A  EC  about  A, 
by  its  horizontal  distance  of  its  centre  of 
gi-avity, 

«  .  ^  a  ft  X  I  ft  ; 
and  also  of  rectangle  C  E  B  D  about  A, 

(X  —  ft  \ 

.  • .  substituting  the  sum  in  equation  (1), 

we  have  x-  =---)--  ft  . 
3s       3 

Ex.  Given  the  dimensions  of  the  w  all  as  in  last  example ;  to 

determine  the  thickness  at  bottom  : — 

,r2  =  —  +  —  =  96  -i-  5-3  =:  101-3  ; 
6^3 

.  ■  .  ,1  =  10-  =  A  B ;  and  C  D  =  6- 

For  additional  strength  to  the  above  walls,  it  would  l)e  well  to 
insert  at  the  centre  of  them  one  tier  of  bond,  about  two-thirds  the 
height  from  tlie  top,  which  will  be  at  tlie  centre  of  pressure. 

V.  We  shall  now  give  a  case  where  earth  shall  he  required  in  the 
construction  of  an  emliankment,  of  the  form  of  a  trapezoid, 
having  a  vertical  clay  puddle-wall  in  the  middle,  and  the  slope 
facing  the  water  being  paved  with  suitable  material,  with  a  puddle 
under.  In  case  of  any  contraction  of  the  clay,  there  would  be  » 
separation  of  the  clay  from  the  earth  ;  therefore,  the  triangle 
DEB  should  be  of  sufficient  strength  alone  to  resist  the  fluid 
pressure,  either  against  sliding  or  revolving  on  D.  The  water  i» 
supposed  to  be  co-incident  with  the  top  of  the  embankment. 


Fig.  4. 


Let  D  B  =:  a  ;  B  E  =  «.  Draw  P  M  parallel  to  F  £  ;  and  the 
horizontal  pressure  of  water  =  momentum  B  P  M  X  horizontal 
distance  of  centre  of  gravity  from  D  ; 

.-.  ^^=|y7j,^rf^;       .-.f^lx^;      .•.DE=1/(J). 
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Ea.  Given  tlie  height  of  tlio  emhankraent,  20  feet ;  sj)ecific 
gravity  of  material  =;  ri  (water  bein;,'  unity):  to  determine 
the  base  D  E  of  the  triangle  D  K  1?  ;  also  the  whole  width  of 
bottom,  when  it  has  a  horizontal  surface  A  B  at  top,  3  feet  wide. 

«  =  !•*;    B  D  =: « ;     .  ■ .  B  E  =  '^(  ,.'^)  20  =  1 6-8  feet  required ; 
therefore,  the  whole  width  K  E  =  56-i. 


THE  CIVIL 


SURVEYORS   AND  THE  MILITARY 
SURVEYORS. 


The  Surveyors'  Association  is  proceeding  vigorously  in  its  de- 
fence of  the  professional  rights  against  the  government  usurpation, 
though  we  Aery  much  wish  that  they  had  taken  tins  course  at  an 
earlier  period,  for  we  long  since  pointed  out  to  them  tlie  course 
of  invasion  wiiich  tlie  military  employees  of  the  government  were 
carrying  on  against  the  public.  Among  the  late  allies  of  the  go- 
vernment jobbers  is  our  contemporary,  tlie  Atlicnn'Hm,  usually 
among  the  foremost  advocates  of  sound  and  enlightened  policy ; 
and  we  have  no  other  means  of  accounting  for  the  remarks  contained 
in  tlie  number  of  the  nth  June,  than  i>y  the  supposition  that  its 
svmpathy  in  the  cause  of  sanitary  reform  has  been  taken  advan- 
tage of  by  some  of  the  jobbers,  to  foist  on  the  editor  a  mis-state- 
ment of  the  case.  It  is  by  alarming  the  sanitary  reformers  that 
the  jobl)ers  hope  to  hide  their  own  designs,  representing  that  there 
is  an  attempt  to  prevent  the  sanitary  plans  from  being  carried  out 
in  the  most  efficient  manner ;  whereas  the  same  issue  is  pleaded 
against  them.  The  AthencEum  cannot  be  e.\pected  in  its  literary 
capacity  to  take  part  in  all  the  details  tif  engineering  questions,  and 
it  is  quite  excusable  that  it  should  give  way  to  the  assumptions  of 
the  military  engineers.  We  do,  liowever,  hope  that  the  editor 
vnW  re-consider  the  case,  and  not  give  the  weight  of  his  advocacy 
to  a  course  of  policy  wliicli  is  eminently  calculated  to  retard  the 
progress  of  sanitary  reform. 

At  the  present  day,  there  is  .in  assumption  on  the  part  of  tlie 
government  functionaries,  that  it  is  tlie  government  which  has 
effected  the  great  sanitary  reforms  already  made,  and  that  none 
but  government  functionaries  can  carry  them  out ;  whereas,  the 
whole  statement  i-i  utterly  untrue.  The  great  improvements  in 
sewage  were  made  by  the  exertions  of  members  of  tlie  engineering 
profession,  before  the  government  had  an)'  share  in  the  adminis- 
tration; and  the  plans  now  being  carried  out  are  those  emanating 
from  the  officers  of  the  old  commissions.  Wliat  the  government  is 
answerable  for,  is — first,  neglect,  in  allowing  the  old  irresponsible 
commissions  to  exist;  and  second,  usurpation,  in  assuming  the  ad- 
ministration of  the  sewers  to  a  new  set  of  irresponsible  commis- 
sioners, instead  of  establisliiug  representative  commissioners. 
The  government  parties  make  a  great  fuss  about  the  new  era  of 
sanitary  reform,  with  which  they  have  as  much  to  do  as  a  cuckoo 
has  with  the  construction  of  a  sparrow's  nest;  the  new  era  of 
sanitary  reform,  and  tlie  new  lights  on  se.iage  engineering,  having 
emanated  not  from  government,  but  from  Messrs.  Roe  and 
Phillips,  who  originated  the  present  clieap  and  eiHcient  plans,  and 
carrie<l  tliem  into  practical  execution.  So,  similarly,  the  plans  for 
the  supply  of  water  by  constant  service  did  not  emanate  from 
the  government,  but  from  the  hydraulic  engineers.  Hitherto,  all 
that  has  l)eeu  done  in  sanitary  engineering,  as  in  every  other  de- 
partment of  engineering,  which  has  been  done  efficiently,  has 
been  done  by  the  civil  engineers,  and  not  by  the  government  en- 
gineers ;  and  it  never  can  be  done  efficiently  except  l)y  tlie  civil 
engineers.  For  this  reason  alone,  we  should  view  with  jealousy 
any  attempt  to  supersede  the  civil  engineers. 

The  Athena'nm  has  given  faitli  to  the  assumption  that  the 
military  engineers  have  a  superiority  in  tlieir  professional 
capacity,  whereas  the  issue  is  not  whether  they  lia\e  a  superiority, 
but  whether  they  have  an  equality.  AV'herever  the  military  en- 
gineers have  been  put  to  the  test,  they  are  found  most  inefficient ; 
their  engineering  works  in  Canaihi  and  the  colonies  are  far  from 
credital)le  to  tliem,  (u-  satisfactory  to  the  nation  ;  tlieir  volume  of 
scientific  papers  is  jirincipally  the  proiluction  of  civilians,  or  on 
civil  works;  and  their  surveys  hitherto,  altliough  they  cannot  be 
subjected  to  any  rigid  test,  have  nevertlieless  been  attended  with 
.serious  disapjiointments.  In  the  engineering  world,  the  military 
engineeis  have  no  professional  standing  or  reputation. 

The  Athciueuiii  does  not  seem  to  lie  aware  tliat  we  have  in 
London,  engineers  competent  'to  conduct  a  trigonometrical  survey, 
which  involves  the  nicest  points  of  astronomy,  and  requires  all 


the  resources  of  matlieniatical  analysis,' — when  a  reference  to  the 
Institution  of  Civil  Engineers  is  quite  sufficient  to  sliow  the 
mathematical  capabilities  of  its  members ;  and  if  the  Atlietueutn 
had  adverted  to  the  evidence  as  to  this,  given  from  time  to  time  in 
its  own  columns,  it  would  not  have  luid  any  difficulty  in  saying 
who  were  competent  to  conduct  the  survey.  If,  however,  the 
military  engineers  are  under  a  slur  in  their  professional  capacity, 
it  must  be  recollected  that  such  as  they  are,  they  are  not  the 
parties  who  carry  out  all  the  details  of  the  survey,  which  are  done 
by  the  body  of  privates,  many  of  whom  are  got  from  hedge-schools 
in  Ireland.  If  the  Atheiiaum  had  been  aware  of  this,  it  would  not 
have  spoken  of  the  inferior  attainments  and  little  e.xperience  of  a 
great  many  of  tlie  lower  surveyors — the  worst  of  \vhom  are,  we 
believe,  some  of  the  best  men  of  the  government  corps,  who  leave 
it  as  soon  as  they  learn  something,  and  set  up  for  themselves. 
Even  ill  the  operations  which  are  going  on,  hardly  an  officer 
is  to  be  seen  in  the  streets,  but  the  duty  is  left  to  the  privates. 
Mr.  Bidder,  Mr.  Gregory,  Mr.  Simnis,  Mr.  Barlow,  or  Mr.  Buck, 
is  not  needed  to  perform  the  lower  operations  of  a  survey,  which 
will  certainly  be  iis  well  performed  by  the  repudiated  surveyors  as 
by  the  government  corporals  and  privates.  AVitli  regard  to  Mr. 
Edwin  Chadwick's  statement,  that  one  of  the  associated  surveyors 
was  five  years  ago  a  journeyman  carpenter,  we  cannot  see  what 
that  has  to  do  with  the  question,  unless  he  states  how  many 
of  the  assistants  on  the  government  survey  were  journeymen 
bricklayers  or  clodhoppers  five  years  ago,  or  what  impediment 
his  own  former  occupations  are  to  his  proficiency  in  sanitary 
science. 

We  join  issue  as  to  the  competency  of  tlie  government  en- 
gineers, and  as  to  their  merits  in  comparison  with  the  civil 
engineers.  We  join  issue,  likewise,  on  the  point  of  cheapness. 
Mr.  Chadwi(d\  knows  very  well,  that  in  any  comparison  of^  cost, 
the  general  charges  of  the  body  of  militar)'  engineers  must  be 
added  to  the  special  estimates.  If  he  were  not  trving  to  uphold  a 
job,  he  would  not  ipiil)ble  upon  it.  ^Ve  are,  however,  most  sur- 
prised, that  after  the  declaration  in  the  House  of  Commons,  the 
government  ha^e  determined  to  put  tlie  country  to  an  expense  for 
this  military  survey,  while  the  progress  of  the  ordnance  survey 
will  be  impetled. 

The  Atkeno'iim  has  been  likewise  misled  upon  the  point  that 
the  case  of  the  surveyors  has  been  decided  by  a  competent  and 
impartial  court ;  whereas,  the  decision  as  yet  has  been  an  ap- 
proval of  Mr.  Edwin  Chadwick's  scheme,  by  Mr.  Edwin  Chad- 
wick's own  board, — and  this  is  what  the  associated  surveyors  are 
trying  to  upset ;  for  they  consider,  in  common  with  the  great 
body  of  the  profession,  that  they  have  not  yet  got  '"  a  hearing," 
and  they  are  now  "  trying  for  a  hearing,"  in  which  we  hope  they 
will  be  supported  by  the  AtheiKFiim,  which  would  not,  we  believe, 
have  countenanced  Mr.  Edwin  Cliadwick's  plans  if  it  had  been 
informed  of  the  whole  truth  of  the  case. 

The  ^4//ie»ff»)»  b(ddly  says,  that  "as  the  nation  builds  its  own 
ships,  bores  its  own  cannon,  and  does  all  things  else  which  can  be 
done  with  its  own  workmen,  why  should  it  not  make  its  own 
surveys?"  AVe  answer,  tliat  tlie  government  has  .ships  and  ma- 
chinery made  elsewhere,  cannon  cast  elsewhere,  and  many  other 
things  made  elsewhere  ;  and  that,  on  the  other  hand,  w  hatever  is 
done  by  the  government,  is  neither  done  well  nor  cheaply.  The 
ordnance  works,  tlie  dockyards,  the  post-office,  and  the  mint, 
%vould  be  a  disgrace  to  any  merchant  or  partnership  or  joint-stock 
company.  In  the  present  case,  the  military  surveyoi-s  have  quite 
enough  to  do  in  the  north  of  England,  where  they  are  wanted  to 
finish  Ihe  ordnance  ((((-survey. 


Import  and  Erjiiirl  of  Melals. — It  appears  from  the  return  of  the  imports 
and  exports  of  leaJ,  copper,  tin,  and  zinc,  ordered  by  the  House  of  Com- 
mons, that  the  total  quaiitiiy  of  lead  ore  imported  was  507  tons,  of  which 
400  tons  were  from  France,  unci  tlie  remainder  principally  from  New  South 
Wales.  Pig  and  sliect  lead  imported  amounted  to  3,932  Ions,  of  which  210 
tons  only  were  retained  for  home  consumption — the  rest  being  reexported. 
Of  Briti'ihlead  llicrewere  exported  8,25!)  tons,  of  which  France  took  1,705 
tons;  Uussia,  1,754  tons;  East  Indies,  1,055  ton- ;  and  Holland,  SOU  tons. 
— The  total  quantity  of  foreign  copper  ore  imported  was  41,490  tons,  of 
which  23,831  tons  were  from  Cuba— the  quantity  of  fine  copper  contained 
therein  being  8,920  tons.  The  quantity  of  metallic  copper  imported  was 
513  tons;  retained  for  home  consumplion,  70  tons.  The  quantity  of  copper 
exported  was  15,142  tons. — The  total  quantity  of  tin  imported  was  1,165 
tons,  of  which  101  tons  were  retained  for  home  consumption  ;  and  the  ex- 
ports were  1,741  tons  Uritisli,  and  547  foreign. — The  total  quantity  of  zinc 
imported  was  12,709  tons;  and  exported  88ij  tons  British,  and  334G  tons 
foreign. 
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NOTES  ON  ENGINEERING— No.  IX. 

By  HoMEBSHAM  Cox,  B.A. 

Synoptic  Trihfcs  for  calculation   of  Earthworks  in  Level  and  Sidelong 
Ground  on  Railwayii. 

No  eartliMo'rk  tables  liave  hitherto  been  published  for  the  ex- 
press purpose  of  facilitating  calculations  for  SIDELONG 
GROUND.  The  present  is  an  effort  to  supply  tliis  want,  which  is 
much  felt  on  account  of  the  number  and  complexity  of  tlie  opera- 
tions usually  required  for  adapting  the  published  tables  to  the  cases 
referred  to.  According  to  the  existing  methods,  it  is  necessary 
when  the  ground  slopes  laterally,  to  calculate  the  areas  of  the 
sections,  and  extract  the  square  root  pre^•iously  to  reference  to  the 
tables.  By  tlie  method  here  proposed,  these  antecedent  calcula- 
tions are  wholly  avoided :  the  numbers  are  taken  from  the  table 
without  any  pre\ious  computation,  and  require  only  to  be  multi- 
plied by  the  natural  and  artificial  slopes. 

The  tables  are  also  easily  applicable  in  calculation  for  LEVEL 
GROUND  ;  and  it  is  believed  tliat  for  both  purposes  the  methods 
will  be  found  very  simple  and  expeditious.  The  tabular  numbers 
are  calculated  for  every  half  foot.  When  greater  exactness  is  ne- 
cessary, the  calculator  is  referred  to  the  admirable  tables  of  Mr. 
Bashforth.  The  manuscript  computations  for  those  tables  have 
been  kindly  placed  at  the  disposal  of  the  jjresent  writer,  and  have 
enabled  him  to  check  the  accuracy  of  a  great  part  of  his  own  re- 
sults. 

It  is  not  intended  to  demonstrate  at  length  the  formula  of  com- 
putation, as  they  depend  on  well-known  theorems :  the  following 
brief  account  of  them  is  sufficient  for  the  present  purpose. 

Let  A  C  D  B  be  a  section  in  a  raihray  cutting  in  level  ground, 
C  D  being  the  formation  level,  and  A  C,  B  D,  the  artificial  slopes. 
As  A  B  is  horizontal,  the  points  A,  E,  and  B,  ai-e  aU  at  the  same 


vertical   height   above   the   formation   level :  call   tliis   height  a, 
measured  in  feet. 

Let  a  similar  section  be  taken  at  a  distance  along  the  railway  of 
66  feet,  or  one  chain  from  the  above,  and  let  the  vertical  height 
there  be  6  feet.  The  solid  content  in  cubic  yards  of  the  solid 
terminating  in  E  D  B,  is  %f  (a"-  +  a  h  -f  6-J  r. 

The  solid  content  is  y  a  r  w ;  r  being  the  "  slope"  of  the 
embankments,  the  measurement  ol  which  will  be  explained  more 
fuUy  presently ;  w  the  width  in  feet  of  tlie  formation  level. 

Next,  let  A  C  D  B  be  a  section  in  sidelong  ground — that  is, 
gi-ound  inclined  laterally  or  transvei'sely  to  the  railway.     Here 


E^-' 


Fig.  I!. 

there  are  two  sets  of  heights  to  be  considered — tliose  on  the  right 
hand,  and  those  on  the  left  hand  of  the  railway:  and  there  are 
two  "  slopes  " — that  of  the  natural  ground  depending  on  tlie  in- 
clination of  A  B  ;  and  that  of  the  artificial  embankment,  depend- 
ing on  the  inclination  of  either  A  C  or  B  D.  Call  the  natural 
slope  R,  and  the  artificial  slope  (as  before)  r.     If  a  and  A  be  the 


heiglits  (in  feet)  of  the  points  A  and  B  respectively,  above  tlie 
formation  level  C  D.  the  area  of  the  triangle  AFC  =  J  (R  -)-  j-)a^- 
and  of  tlie  triangle  B  F  D  =  i  (R  -  r)  A'.  ' 

Similarly,  if  another  section  be  taken  at  a  distance  66  feet  along 
the  railway,  and  6,  B,  be  the  coi  responding  heights,  the  areas  of 
the  two  triangles  similar  and  similarly  situated  to  A  FC,  B  F  D, 
respectively,  are  i  (R  +  r)  l>- ;     and  i  (R-»-)  B". 

The  solid  content  (in  cubic  yards)  of  the  solid  terminating-  in 
AFC=::  (R -!-?•)  rrlA=-(- A  JB-V-B). 

The  larger  of  the  accompanying  tables  gives  values,  or 
^i  («-  -I-  all  +  ft-),  for  every  half  foot  of  the  two  heights,  up  to 
jO  and  60  feet,  respecti\  ely.  The  smaller  table  gives  values  of 
If"  ><  ''.V  various  widths  of  the  formation  level. 

.MKTHOOS    OP    USINli    THE    TABLES. 

For  Level-lyiaii  Ground. — JIultiply  the  tabular  number  in  the 
larger  table  corresponding  to  the  heights  of  two  successive  sec- 
tions a  chain  apart,  by  twice  tlie  slope,  and  add  the  number  from 
the  smaller  tatile,  corresponding  to  each  heiglit  separately.  The 
result  is  the  number  of  cubic  yards  required.  For  instance,  let 
the  heights  be  295  feet  and  io  feet ;  the  base,  30  feet;  and  the 
slope  2  (to  one).  In  tlie  larger  table,  the  number  corresponding  td 
{295,  45}  is  1710.  This,  multiplied  by  twice  the  slope  =  6840. 
Add,  from  the  column  for  base  30  in  the  second  table,  tlie  number 
for  29i  (which  is  1082)  ;  and  also  the  number  for  45  (which  is 
1650):  and  the  total  (9572)  is  the  quantity  of  cubic  yards  re- 
quired. 

The  following  is  an  example  of  the  quantities  corresponding  to 
four  sections,  a  chain  apart,  the  corresponding  heights  being  16, 
20^,  30,  and  44J,  respectively :  the  base,  33  feet :  the  slope,  2^  (to 
one — consequently,  all  the  first  tabular  numbers  are  to  be  multi- 
plied by  twice  2^  (or  5). 


HeightE. 

rl6 
L20§ 

r20j 
L30 

r30 
L444 


1st  Tjb.  Nos. 


Multiplied  by 
twice  Slope. 


398 


1990 


788  3940 


.1717 


8585 


2nd  Tab.  Nos. 
to  Base  '.^. 

645 

....      gg^   ... 


827 
1210 

1210 
1794 


Sum. 


3462 


5977 


.11589 


Answer  21028 

When  the  sections  are  at  greater  or  less  distances  than  one  chain 
apart,  quantities  between  each  two  sections  must  be  multiplied  by 
the  corresponding  distances.  For  instance,  suppose  in  the  above 
example  the  sections  had  been  IJ,  2,  and  3  chains  apart:  re- 
peating the  xuin»  in  the  last  column  of  the  above  scheme,  we 
have 


Sums. 

Distances. 

Products. 

3462 

X      n 

= 

5193 

5977 

X        2 

i^ 

11954 

11589 

X         3 

= 

34767 

51914  A)u.  required. 

For  Sidelong  Ground. — Here  the  larger  table  alone  is  used. 
There  are  two  sets  of  heiglits,  those  on  the  right-hand  side  of  the 
railway,  B/;  and  those  on  the  left-hand  side,  Ae  (fig.  2).  These 
sets  are  to  he  kept  quite  distinct.  i\f  ultiply  the  tabular  numbers  cor- 
responding to  the  greater  heights  by  the  difference  between  the 
natural  and  artificial  slopes,  and  the  tabular  numbers  correspond- 
ing to  the  less  heights  by  the  ■■mm  of  artificial  and  natural  slopes  : 
the  difference  between  these  products  is  the  result  required. 

For  instance,  let  the  natural  slope  be  6^  (to  one),  and  the  artifi- 
cial slope  IJ  (to  one)  :  the  sum  of  the  slopes  is  8,  the  difference  5. 
Also,  let  the  lieights  be  :  1st  section,  20i,  10  ;  2nd  section,  52,  30. 
The  two  major  heights,  20^,  52,  are  taken  together ;  and  the  two 
minor  heights,  10  and  30,  are  taken  together.  The  number  in  the 
table  for  the  first  pair  is  1707 ;  which,  multiplied  by  5,  gives  8535. 
The  height  for  the  second  pair  is  529  ;  which,  multiplied  by  8, 
gives  4232.  The  difference  of  the  two  products,  or  4303,  is  the 
answer  required. 

Where  the  slopes  remain  unchanged  for  several  successive  sec- 
tions, the  sums  of  each  set  of  the  tabular  numbers  may  be  multi- 
plied by  the  slopes,  instead  of  multiplying  each  tabular  number 
separately.  For  instance,  let  the  natural  slope  be  3  (to  one)  ;  the 
artificial  slope,  1  (to  one).     Also,  let  the  heights  be,  first  section, 
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fJvLV, 


Greater  Heights. 
35,   56 
.56,  39 
39,  45 


Tab.  Nos. 
2575 
2787 
2159 


Total     7521 
Mult,  by  difF.  of  slopes        2 


■.ci'tion,  3!), 

12;  fourtli  sec 

Less  Heights. 
10,  20  i 
201,  12 
12,  15 

Tall.  Nos. 
295 
330 
223 

T 

V  Mim  of  si 

otal  848 
)pes    4 

Subtract 


15042 
3392 


3392 


11,650     Answer. 

If  the  sections  were  at  unequal  distances  apart — say  2,  li,  3 
chains — each  tabular  number  would  have  to  be  multiplied  by  the 
corresponding  distance.  The  above  e.vample  would  tlien  be  modi- 
fied as  follows  : — 

Tab.  Nos.      Distance.  Product.  Tab.  Nos.      IJislante.  Product. 

2575      X      2       =     5150  295      X      2       =     590 

2787      X      li     =  3716  3.30     y,      H     =     440 

2159      X      •'       =     6+77  223      X      3       =     669 


Total      1 5343 


30686 
Subtract       6796 


Total     1699 
4 

6796 


23890     Answer. 

To  extend  the  large  table  where  either  height  e.\ceeds  60,  take  four 
times  the  tabular  number  for  half  the  given  heights.     For  instance, 

the  tabular  number  for  {lOO,  20  }  is  four  times  that  for  {50,  lo}  • 

To  extend  the  small  tahh\  where  either  height  exceeds  Ha,  add  the 
tabular  numbers  for  any  two  heights  which  together  make  up  the 
given  height.  For  instance,  the  tabular  number  for  60  is  the  sum 
of  the  tabular  numbers  for  50  and  10,  or  of  those  for  55  and  5,  &c. 

To  find  the  tabular  number  in  the  greater  table.  Look  for  either 
height  in  the  horizontal  row  of  inde.\  figures,  and  for  the  other 
height  in  the  vertical  row  of  indices.  Tlie  tabular  number  re- 
<iuired  is  beneath  the  one  inde.x  and  opposite  the  other.  In  the 
f-mall  table  used  for  le^•el-lying  ground,  only  one  inde.x  figure  is 
used  :  the  tabular  number  required  is  opposite  it  in  the  column 
designated  by  the  given  widtli  of  the  formation  level.  For  other 
widths  than  those  given  in  the  table,  multiply  the  number  to  "  base 
1  foot"  by  the  given  width. — Exatnjile :  The  number  for  height  27 
to  base  22  is  22  X  33. 

Measurement  nf  slopes. — The  slopes  on  railways  are  measured  by 
the  horizontal  distance  corresponding  to  one  foot  vertical  rise.  If, 
for  instance,  the  rise  of  one  foot  correspond  to  a  horizontal  dis- 
tance of  25  feet,  the  slope  is  2.i  (to  one).  The  same  mode  of  mea- 
surement is  adopted  here  for  the  natural  inclination  of  the  ground 
as  for  the  artificial  inclination  of  the  sides  of  the  embankment  or 
cutting. 

Change  of  the  natural  slope  may  occur  in  sidelong  ground  where 
the  s\irface  is  very  irregular.  The  sections  ought  to  be  taken  so 
near  that  the  difference  of  slopes  at  two  successive  sections  may 
not  be  considerable.  Now,  by  using  exclusively  the  greater  of 
these  natural  slopes  with  the  actual  heights,  the  result  would  be 
too  large  :  by  using  the  smaller  of  them,  too  small.  But  as  the 
results  obtained  in  these  two  ways  will  not  in  general  widely  diifer, 
the  truth  may  be  taken  as  a  mean  between  them. 

The  difficulty  arising  from  change  of  natural  slope  may  however, 
in  general  be  avoided.  For  the  upper  surface  of  the  ground  being 
undulating  and  irregular,  the  natural  inclination  is  represented  by 
equalising  lines  drawn  so  that  the  small  curvilinear  areas  in  excess 
and  defect  may  balance  each  other.  These  e(pialising  lines  being 
in  some  degree  arbitrary  in  position,  nuiy  in  general  be  drawn  at 
the  same  inclination  for  several  sections  together. 


*jf*  These  tables,  arul  the  method  of  usiny  them,  ore  original  and  copyright.     They  are 
published  separately  bv  Weale,  Holborn. 
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217  220 

225  2:44 

233  242 

241  250 

249  288 

258  267 

266  275 

275  284 

284  293 

293  303 


235  244 

243  252 

251  260 

259  268 

267  277 

276  280 

285  295 

294  304 

303  313 

313  323 


254  263 

262  271 

270  279 

273  288 

287  297 

290  306 

305  316 

314  324 

323  X» 

333  344 


283  293 

291  302 

299  310 

308  319 

317  328 

326  337 

336  347 

346  357 

356  367 

366  377 


293 
303 
313 
323 
333 
343 
354 

;»5 

376 
387 


303  313 

313  323 

323  333 

333  343 

:M3  353 

353  363 

364  374 

375  385 

;«6  396 

397  408 


323 
333 
343 
353 
363 
374 
385 
390 
407 
419 


333 
Mi 
363 
303 
374 
385 
396 
407 
418 
430 


343  354 

353  364 

363  374 

374  385 

385  396 

396  407 

407  418 

418  429 

42«  441 

441  453 


365 
375 
386 
396 
407 
418 
429 
441 
453 
465 


376  387 

386  397 

396  408 

407  419 

418  430 

429  441 

441  453 

453  465 

465  477 

477  489 


398 
410 
422 

4:a 

446 

453 
471 
484 
497 
510 


409  420 

421  432 

433  444 

445  456 

V)?  408 

469  480 

482  493 

495  606 

508  619 

521  533 


431 
44j 
455 
467 
479 
492 
505 
618 
631 
64S 


442 
454 
466 
478 
491 
504 
617 
530 
643 
657 


453  465 

465  477 

477  489 

490  502 

603  516 

510  528 

829  641 

542  554 

666  568 

570  582 


477 
489 
601 
514 
527 
640 
853 
867 
581 
595 


480  801 

601  513 

613  626 

526  539 

539  682 

653  560 

666  879 

580  593 

594  607 

608  621 


523  635  547  569  671 

637  549  561  573  685 
551  563  575  587  699 
565  577  689  601  614 
879  591  003  016  629 
594  606  618  631  64! 
603  621  033  040  653 
623  636  648  001  674 

638  051  663  676  6S9 
651  066  079  692  705 


584  696  609 

598  010  623 

612  625  638 

627  040  653 

641  654  668 

656  669  683 

071  085  693 

687  700  714 

702  716  730 

718  732  746 


622  635 

6;<6  650 

651  065 

666  680 

631  695 

696  710 

712  726 

728  742 


744 
760 


669  682  695 

085  098  711 

701  714  727 

717  730  743 

733  746  759 

750  703  776 

766  780  793 

783  797  810 

800  814  827 

817  831  815 


708  721  734 

724  737  751 

740  753  767  781  795  809  824 

756  770  784  798  812  826  841 

773  786  800 

790  803  817 

807  820  8.34 

824  838  852 

8)1  «J5  809  884  899 


748  762  776  790 
764  773  792  807 


814  829  843  858 
831  846  860  875 


848  803 
806  831 


878  893 


896  911 
914  929 


659  873  887  902  917  932  947 


849 
867 
885 
903 
921 
940 
959 

973  992  1007 
997  1011  1026 
1002  1016  1031  1046 


835 
853 
871 
8H9 
907 
926 
944 
963 
982 


899 
917 
9.'i5 
954 
973 


877 
895 
913 
931 
950 
969 
988 


891  905  920  935  950  965 
909  924  939  954  969  9.34 
927  942  957  972  937  1003 
946  961  970  991  10U6  1022 
965  980  996  1010  1028  1041 
984  999  1014  10:'9  1045  1001 
1003  I0I8  1033  1048  1064  I08O 
1022  1037  1052  lOl'.s  1084  1100 
1041  10'j7  1072  lOH.M  1104  1120 
1061  1077  1092  1108  1124  1140 


1021 
1041 
1061 
1031 
1102 
1122 
1143 
1164 
1185 
1200 

1228 
1250 
1272 
1294 
1317 
1339 
1302 
1385 
1408 
1431 


10.36  1061 
1056  1071 
1070  1091 
1096  1111 
1117  1112 
1138  1153 
1159  1174 
1180  1195 
1201  1210 
1222  1238 


1066 
1036 
1100 
1127 
1148 
1169 
1190 
1211 
1232 
1264 


1081  1097  1112  1123 
1101  1117  11.33  1149 
1121  11.37  1163  1170 
1142  1158  1174  1191 
1163  1179  1195  1212 
1184  1200  1216  12.13 
1205  1221  12.V  12.M 
1227  1243  1259  1376 
1248  1265  1281  1298 
1270  1287  1303  132  I 


1144  1161 
1165  1182 
U.16  1203 
1207  1224 
1228  1245 
1249  1266 
1271  1238 
1293  13)0 
1316  1332 
1337  1364 


179  188  197  206  215  225 

1.84  193  202  211  220  230 

189  198  207  216  226  236 

194  203  212  221  231  241 

200  209  218  227  237  247 

205  214  223  2i3  243  263 

211  220  229  239  249  259 

217  226  235  245  256  ili5 

22;)  232  242  252  262  272 


229 
235 
242 
249 
256 
264 
271 
279 
287 
295 


230  245  255  265 
2J0  250  260  270 
246  256  266  276 


251  261 
:67  267 


271 

■8 


238 
245 
2.12 
259 
266 
274 
281 
289 
297 
SoO 


248 
255 
262 
269 
276 
284 
2:i2 
3"0 
303 
316 


2.W 
265 
272 
279 
287 
295 
3"3 
311 
3)9 
327 


268  279  289  300 
275  2^6  297  308 


282  293 
290  iOl 


304  316 

312  323 

297  308  319  331 

305  316  327  339 

313  324  336  347 

322  333  344  355 

330  341  353  364 

3^3  3J0  361  373 


311 
319 
3:6 
334 
342 
350 
358 
367 
370 
385 


312 
.121 
330 
339 
348 
858 
368 
378 
388 


314  325 

323  334 

332  343 

341  3.52 

3.50  361 

389  371 

369  381 

379  391 

389  401 

400  4il 


336 
345 
354 
363 
372 
382 
392 
402 
412 
423 


347 
356 
365 
374 
384 
394 
404 
414 
424 
435 


359  370 

3'3  379 

377  333 

3b6  398 

396  408 

406  418 

416  423 

426  4.13 

436  449 

447  460 


1244 
1266 
1288 
1310 
13:i3 
1350 
i379 
1402 
1426 
H48 


1260  1276 
1282  J298 
1304  1320 
1326  1342 
1349  1305 
1372  1383 
1395  1411 
1418  1435 
1441  14.08 
1405  1482 


1292 
1314 
1330 
1369 
1382 
1405 
1428 
14')2 
1475 
1499 


1309  1325 
13.31  1348 
1363  1370 
1376  1393 
1399  1416 
1422  1439 
1445  1462 
1469  1436 
1493  1510 
1517  1534 


1342 
1366 
1388 
1411 
1434 
1457 
1480 
1.501 
1528 
1552 


1389  1.377 
1382  1400 
1405  1423 
1428  1446 
1451  1469 
1474  1492 
1498  l.'ilO 
1522  1540 
l.'i46  1604 
1570  1589 


398 
409 
420 
431 
442 
453 
465 
477 
489 
601 

513 
626 
539 
552 
865 
679 
892 
606 
620 
634 


410  422 

421  4i3 

412  414 

4-13  -155 

454  466 

461  477 

477  489 

439  5|]1 

601  813 

613  526 


434 
445 
456 
467 
478 
490 
502 
614 
620 
639 


446 
457 
468 
479 
49! 
603 
615 
527 
5;<9 
652 


458  471 
409  482 


604  817 

516  629 

628  541 

640  5.53 

553  866 

566  679 


484 
496 
506 
618 
530 
642 
554 
607 
680 
693 


626 
6,(9 
852 
565 
678 
692 
605 
619 
634 
648 


539 
552 
665 
678 
591 
605 
619 
633 
648 
662 


.552 
566 
578 
591 
CO.) 
619 
633 
647 
661 
676 


666  579 

678 

891 

605  619  633 

618  6.12  647 

632  646 

640  061 

601  6, 6  689 

676  689  704 

690  704  719 


692  605 
005  619 


661 
675 


606  620  6.S5 

619  634  649 

6.13  048  (:02 

647  l.'6I 

661 

675 

689  704  719 

704  718  733 

718  733  748 

733  748  764 


676 
675  090 
689  7o4 


648 
603 
678 
693 
708 
724 
740 
7.56 
772 
788 


662 
677 
692 
707 
722 
738 
754 
770 


676 
691 
706 
721 
736 
752 
768 
784 
800 
817 


690  704 

705  719 

720  734 

736  7611 

751  766 

767  782 

733  798 

799  814 

816  830 

832  847 


719  734 

734  749 

749  764 

765  780 

781  796 

797  812 

813  828 

830  845 

840  861 

863  B78 


749  764 

764  779 

779  795 

795  81 ) 

8 1 1  826 

828  843 

844  859 

861  876 

877  893 

894  910 


779 
795 
810 
8-6 
8J2 
859 
875 
892 
9j9 
927 


804 
821 
833 
865 
872 
890 
908 
926 
944 
962 


819 
836 
853 
870 
837 
905 
923 
941 
959 
978 


8.34  849 

861  866 

863  883 

8d5  901 

902  918 

920  936 

9.38  954 

957  973 

975  991 

994  1010 


864  80O 
881  897 
898  914 
910  932 
934  950 
952  968 
970  986 
989  1(05 
1007  1023 
1026  1042 


895 
913 
930 
948 
906 


984  1001 
1002  1019 
1021  1038 
1040  l'67 
1059  1076 


927  944 

945  902 

963  9S0 

981  993 

999  1016 

1017  1034 

1036  1053 

1055  1072 

1074  1091 

1093  UIO 


980  990 
999  1016 
1018  1034 
1038  1064 
1057  1073 
1077  1093 
1096  1113 
1116  1133 
1130  11.53 
1150  1173 


1012  1029 
1031  1048 
1050  1007 
1070  1086 
1039  1100 
1109  1126 
1129  1146 
1149  1160 
1109  1186 
1190  1207 


1045  1061 

1064  1031 

10&3  1100 

1103  1120 

1123  1140 

1143  1160 

1163  1180 

1183  1200 

1203  1221 

1224  1242 


1078  1095  1112  1129 
1097  1114  1131  1149 
1117  1134  1151  1169 
1137  1154  1171  1139 
1157  1174  1191  1209 
1177  1194  1212  1230 
1197  1214  1232  1250 
1217  1236  1263  1271 
1238  1256  1274  1292 
1269  1277  1295  1314 


275  236  287  S08  319  331  !43  3.55  367  S79 
281  292  303  314  325  337  3-i9  361  373  385 


287 


281 
2a9 


203  273  284  296 

269  230  291  302 

275  286  297  3m8 

232  293  304  315 


322 
330 
338 
346 
354 
362 
370 
379 
388 
397 


394  400 

403  416 

412  425 

422  435 

432  445 

443  456 

453  466 

464  477 

476  4-'8 

436  499 


497  610 

608  82 1 

819  633 

531  646 

643  857 

550  670 

503  5p2 

581  695 

694  6u3 

607  621 


1177 
1198 
12J9 
1240 
1262 
1283 
1305 
1327 
1349 
1371 


1194 
1216 
1236 
12,57 
1279 
1301 
1323 
1345 
1367 
1339 


1211  1228 
1232  1249 
12,53  1270 
1274  1292 
1296  1314 
1318  1336 
1340  1388 
1362  1380 
1384  1402 
14o7  1425 


1245 
1266 
1287 
1309 
1331 
1363 
1376 
1398 
1420 
1443 


1263  1280  1298 
1234  1302  1320 
1305  1323  1342 
1327  1345  1364 
1349  1367  1386 
1371  1389  1403 
1393  1411  1430 
1416  1434  1453 
1439  1457  1476 
14:2  1480  1499 


1316  1335 
1338  1357 
13«0  1379 
1332  UOl 
1404  1423 
1427  1446 
1449  1468 
1472  1491 
1J95  1614 
1513  1538 


1394  1412 
1417  1435 
1440  14.53 
1463  1481 
1487  1.505 
1510  1529 
1534  1853 
15.53  1677 
1582  1601 
1607  1626 


I4W 
14.53 
1476 
1-199 
1523 
1.547 
1671 
1695 
1620 
1645 


1448 
1471 
1494 
1818 
1842 
1666 
1590 
1614 
1039 
1064 


1466  1435 
1439  1508 
1613  1632 
15.i7  1656 
1561  1880 
1685  1604 
1609  1628 
1633  1653 
1658  1677 
1683  1702 


J  503 
1527 
1651 
1675 
1699 
1023 
1647 
1672 
1697 
1722 


1522  1541 
1540  1566 
1670  1589 
1594  1613 
1618  1637 
1042  1062 
1667  1687 
1692  1712 
1717  1737 
1742  1702 


1,561 
1.535 
1609 
1033 
16,57 
1682 
1707 
1732 
1767 
1782 


298  309  320  3.12  344  356  W8  380 

293  304  3J5  3.6  3.<8  380  362  374  387  399 

300  311  322  333  345  357  309  Z»l  394  4U7 

300  317  328  340  352  304  376  388  401  414 

313  324  336  347  359  371  383  396  409  422 

320  331  342  354  3- 6  378  391  404  417  4.i0 

374  386  399  41 


823  338  350  362 


425  4,^3 


333  345  357 

341  3.53  365 

349  361  373 

357  369  381 

36.)  377  389 

373  335  398 

381  394  4' -7 

390  403  416 

399  412  425 

409  422  434 


869  381 

377  389 

385  397 

394  406 

402  414 

41 1  423 

420  4 '2 

429  4-12 

433  45  J 

447  460 


394 
402 
410 
419 
427 
436 
445 
4:4 

4i;4 

474 


407    420  4.3    446 

415    428  441     4.54 

423    4 -.6  44-J    413 

444  4.53 

454  46; 


432 
440 


4; 

481 


449    463    476    490 


458  472  405 
468  482  495 
477     491    608 


4^7     501    515     629 


418 
428 
438 
448 
453 
469 
479 
490 
501 
812 


431 
441 
451 
461 
471 
432 
492 
613 
514 
626 


444 
4.54 
46.1 
474 
434 
496 
5(-0 
517 
823 
5j9 


457  470  484 

467  480  494 

477  490  804 

4e7  601 

493  611 

609  522  6;)6 

620  533  647 

6j1  645  569 

642  6.56  670 

863  567  682 


615 
625 


497  511  625  8.-19 

603  822  836  550 

532  546  6fU 

643  667  572 

854  868  883 

565  679  594 


613 

629 

639 

5.)0 

661 

573 

534  599  614  629 

596  611  626  641 


676  590  005 
588  6"2  617 


623 
835 
547 
8.59 
671 
6.'<3 
696 
609 
021 
635 


637 
549 
661 
873 
685 
593 
610 
623 
030 
660 


531 
563 
875 
6s7 
699 
612 
625 
6.(8 
681 
665 


665 
677 
589 
601 
614 
627 
6-lu 
683 
666 
680 


87D 
891 
603 
616 
629 
641 
6.54 
668 
681 
696 


694  60S  623  638 

600  621  630  661 

618  6.33  643  663 

631  646  061  676 

643  658  674 


050  67 1  687 


6t.9 
7o2 


669  6b5  7"0  716 
033  698  714  730 


'12  728 
726  742 


744 

768 


6.54 
foo 

679 
092 
705 
718 
7-2 
746 
700 
774 


648  663 

662  677 

676  691 

690  705 

704  719 

719  734 

7.34  749 

749  764 

764  779 

779  795 


678  693 

692  707 

706  721 

720  736 

734  750 

749  765 


708 
722 
736 
751 
706 
781 


724  740  786 

738  754  770 

752  708  734 

707  783  799 

782  798  814 

797  613  830 


772 
786 
600 
815 
8.10 


764  780  796  812  823  845 
779  795  811  828  844  861 


794  810 

810  826 


826  843  859  876 
842  869  875  892 


788  li 
8..2  I 
817  U 
8  2  ! 
847  !i 
846  863  1 
861  8.'8  J 
877  894  I 
693  910  i 
909  927  I 


795  810 

810  826 

826  842 

842  853 

853  874 

875  891 

891  908 

908  925 

926  942 

943  9liO 


826 
842 
658 
874 
890 
9:17 
924 
941 
959 
976 


842  888 

868  874 

874  8.0 

891  907 

907  924 


95.)  975 
976  993 
993  1010 


876 
891 
907 
924 
941 
968 
975 
993 

lolo 

1028 


891 

908 

924 

941 

958 

975 

992 

1010 

1028 

1046 


OI'S 
926 
941 
958 
975 
993 
1010 
1028 
I045 
1063 


S26  B43 
942  9  0 
969  976 
976  993 
993  1010 
1010  1023 
1028  1045 
1045  1063 
10- 3  1081 
IO8I  1100 


961  977  994  1011  1028  1046  1063  1081  1100  1118 
978  996  1012  1029  1046  1064  182  1100  1113  11.'.7 
1000  1013  1030  1047  1064  1032  llOJ  1119  1137  11.56 
1014  1031  1018  1060  1083  Uul  1119  1138  1156  1178 
1032  1049  1066  Ui84  1102  1120  ll.'fct  1167  1175  1194 
1051  1008  1035  1103  1121  1139  1157  1176  1194  12l3 
1070  1087  1104  1122  1140  1158  1176  1193  1214  1233 
1089  1106  1124  1142  1160  1178  ll;i6  1215  1234  1253 
11  8  1125  1143  UOl  1179  1197  1216  1235  1254  1273 
1127  1145  1163  1131  1199  1217  1236  1255  1274  1293 


1147  1164 
1166  1184 
1186  1204 
1206  1225 
1227  12J5 
1247  1266 
1268  1287 
1289  1308 
1311  1329 
1332  1351 


1182  1201 
1202  1221 
1222  1241 
1243  1261 
1263  1282 
1284  1303 
1306  1324 
1326  1345 
1347  1306 
1369  1388 


1219 
1239 
1260 
12-0 
1301 
1322 
1343 
1364 
1385 
1407 


1237 
1258 
1273 
1:99 
1320 
1341 
1362 
1384 
1406 
1427 


1286 
1277 
1297 
1318 
1339 
1360 
l;i31 
1403 
1425 
14)7 


1275  1291  1.513 

1296  1315  1.3.<4 

1316  1335  13.55 

1337  1350  1376 

1358  1577  1397 

1380  1399  1419 

1401  1421  1441 

1423  1443  1463 

1445  14i;5  1435 

1467  1487  1507 


1354 

1375 
1397 
1419 
14)2 
1464 
1487 
1810 
1834 
1567 


1372 
1394 
1416 
1439 
1461 
1484 
1607 
1.530 
16.53 
1.577 


1391 
1413 
143.5 
1468 
1480 
1503 
1526 
1,549 
1573 
1697 


1410 
1412 
1465 
1477 
1600 
1523 
1.546 
1569 
1593 
1617 


1429  1449 
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ON  THE  APPLICATION   OF  SCULPTURE  AND 

SCULPTURED     ORNAMENT     TO     ARCHITECTURE. 
By  H.  B.  Gakling. 

At  a  meeting  of  the  Royal  Institute  of  British  Architects,  held 
on  tlie  29tli  of  iMay,  the  follovvinf^  paper  was  read  : — "  Ensay  on 
the  Application  of  Sculpture  and  Sculptured  Ornament  to  Architecture, 
and  the  Principles  which  .should  rcflulate  their  introduction,  into  Build- 
ings generallji,  both  with  regard  to  Beaut;/  of  Embellishment  and  Pro- 
priety of  Style."  By  Mr.  H.  B.  Garling  ;  for  whicli  the  Silver 
Medal  of  the  Institute  was  awarded. 

If  from  the  study  of  some  individual  branch  of  fine  art,  we 
proceed  to  consider  how  to  comhine  any  two  or  more  of  them  in 
the  same  composition  with  the  fireatest  effect, — in  investifjating 
the  relation  they  bear  to  eacli  other,  the  means  by  wliicli  tlie  im- 
pressions conveyed  by  the  one  are  influenced  by  its  connection 
with  the  other,  and  the  sources  from  whence  our  ideas  of  beauty  or 
grandeur  in  each  department  result,  we  cannot  fail  to  remark  the 
close  and  striking-  analogy  which  exists  between  all  the  various 
branches  into  which  fine  art  is  divided,  whether  by  the  impressions 
they  produce  upon  the  mind,  or  the  means  by  which  those  impres- 
sions are  effected.  We  shall  find  that  though  varying  in  the  organ 
by  which  they  address  the  imagination,  or  the  vehicle  by  which 
they  convey  their  impressions  to  the  mind,  they  influence  the 
same  feelings,  strike  as  it  were  the  same  chords,  and  depend  upon 
causes  varying  in  form  only,  to  produce  effects  substantially  the 
same. 

Wliether  it  be  architecture  or  sculpture,  painting,  music,  or 
poetry  that  engages  our  attention,  it  is  but  the  expression  of  one 
and  the  same  sentiment — the  collecting  and  arranging  in  the  most 
effective  manner,  the  giving  form  and  substance,  as  it  were,  to 
those  ideas  and  images,  from  which  result  our  impressions  of  the 
sublime  and  beautiful. 

Though  we  may  discover  in  all,  this  common  origin  and  aim,  yet 
between  some  the  connection  is  obvious ;  and  the  assistance  tliey 
afford  to  each  other,  when  skilfully  combined,  more  natural  and 
effective. 

Thus,  if  to  the  symmetry  and  proportion  of  architecture  we  add 
the  graceful  terminations  and  flowing  lines  of  sculpture,  or  the 
relief  and  rich  variety  of  pictorial  embellishments,  we  enhance  the 
value  of  each  by  placing  it  in  its  most  effective  position,  and  sur- 
rounding it  with  suitable  and  appropriate  accessories. 

To  the  artist  it  is,  therefore,  an  important  as  well  as  an  inter- 
esting investigation  to  consider  how  the  architect  and  sculptor  may 
unite  their  labours  with  the  most  successful  result ;  and  what  rules 
we  must  observe  in  the  treatment  of  each  department  to  produce 
a  harmonious  and  effective  combination. 

If  we  commence  our  investigation  by  tracing  the  distinguishing 
features  of  the  various  styles  of  art  as  each  rose  in  succession 
from  the  materials  bequeathed  by  its  predecessor,  the  first  that 
engages  our  attention  is  the  collossal  architecture  of  the  Egyp- 
tians. The  distinguishing  features  of  these  extraordinary  edifices 
are  so  well  known  as  scarcely  to  need  description  :  interesting  as 
they  may  be  to  antiquarian  research,  and  rich  in  matter  for  reflec- 
tion and  speculation  on  other  points,  to  the  artist  they  afford  but 
scanty  materials  for  study,  and  still  less  for  imitation  and  example. 
That  the  germs  of  beauty  and  proportion  may  be  traced  in  a  cer- 
tain propriety  of  decoration  and  regular  disposition  of  parts  may 
not,  perhaps,  be  denied ;  as  also  that  a  certain  effect  of  grandeur 
has  been  attained ;  the  results  of  collossal  size  both  in  the  general 
mass,  and  also  in  the  details  of  the  composition.  Yet  they  exhibit 
a  style  of  art  so  circumscribed  in  its  object,  so  limited  in  its  re- 
sources, and  so  much  fettered  by  conventional  ideas  and  principles, 
as  to  limit  its  advancement  beyond  a  certain  point — forming,  in 
fact,  a  perfect  reflection  of  the  social  condition  of  the  people  with 
whom  it  originated. 

If  from  Egypt  we  turn  to  Greece  (where  exquisite  refinement  of 
taste  and  feeling  were  combined  with  a  social  condition  more  fa- 
vourable to  progress  than  in  the  former  country),  we  shall  find 
the  powers  of  the  artist  rapidly  increasing  'with  tlie  demand  for 
their  employment,  and  the  scope  afforded  for  their  exercise.  Aim- 
ing at  the  attainment  of  beauty  by  nicely-adjusted  proportions  and 
propriety  of  decoration,  and  attaining  grandeur  and  dignity  of 
effect,  not  by  actual  size,  but  by  simplicity  of  parts  and  regularity 
of  design,  we  observe  even  in  their  earliest  efforts  the  germs  of 
that  perfect  mastery  of  all  the  resources  of  art,  which  subsequently 
ripened  and  expanded  into  the  inimitable  productions  of  the  age 
of  Pericles. 

Apart  from  the  merits  of  each  in  its  particular  department,  the 
principles  they  observed  in  combining  architecture  and  sculpture 


in  one  composition  claim  our  most  careful  attention.  Whether 
forming  the  graceful  terminations  of  the  acroteria,  or  filling  up  the 
voids  of  the  pediments,  or  metopes  of  the  Doric  entablature,  or 
decorating  the  walls  in  long  continuous  friezes  of  elaborate  design, 
we  observe  how  admirably  the  sculptural  accessories  complete  the 
general  outline  of  the  masses,  fill  up  every  void  space  with  rich 
and  appropriate  decoration,  and  relieve  the  more  regular  forms  of 
the  architecture  with  the  most  pleasing  variety  of  lines  ;  imparting 
poetry  of  feeling  to  the  wliole  composition,  and  assisting  in  a  most 
important  degree  the  character  aimed  at  by  the  architect. 

The  rules  observed  in  the  treatment  and  distribution  of  sculp- 
ture by  the  artists  of  Greece,  obtained  throughout  the  whole  of 
the  best  period  of  classic  art. 

The  triumphal  and  monumental  buildings  of  antiquity  are  par- 
ticularly interesting,  as  exemplifying  the  views  and  ideas  of  artists 
of  the  most  acknowledged  skill  and  judgment.  The  mausolea  of 
Halicarnassus,  of  Hadrian,  and  of  Augustus,  the  Antonine  and 
Trajan  columns,  the  triumphal  arches  on  the  Via  Sacra,  the  com- 
memorative monuments  in  short  of  every  class,  when  carefully 
considered,  will  be  found  to  possess  a  character  admirably  adapted 
to  the  purposes  of  their  erection  :  but  in  the  application  of  these 
ideas  to  our  own  times,  we  must  ever  keep  carefully  in  view  the 
particular  circumstances  which  guided  them  in  the  forms  and  ar- 
rangement they  adopted.  As  art  degenerated  towards  the  decline 
of  tlie  Roman  empire,  the  abandonment  of  true  principles  became 
apparent  in  all  its  departments — in  none  more  so  than  in  the  treat- 
ment of  sculptural  accessories, — their  meretricious  character  and 
the  profusion  of  ornament  (often  exceedingly  coarse  and  inelegant) 
destroying  that  repose  and  chaste  simplicity,  so  essential  to  true 
dignity  of  style  and  so  happily  attained  in  the  works  of  a  better 
period.  Of  these  abuses  the  latter  examples  of  Roman  architec- 
ture, particularly  the  baths  and  even  to  a  greater  degree  the  gor- 
geous remains  at  Balbec  and  Palmyra,  afford  remarkable 
instances. 

The  political  convulsions  which  for  centuries  distracted  the 
world,  so  completely  buried  in  barbarism  and  ignorance  every 
class  of  literature  and  every  vestige  of  art,  that  scarcely  any  pro- 
duction worthy  of  the  name  can  be  recorded.  This  destruction  of 
art  seems  to  liave  been  completed  at  a  period  when  the  true  prin- 
ciples of  taste  being  abandoned,  and  its  most  essential  rules  being 
completely  lost  sight  of,  all  hope  of  further  progress  was  stayed ;  and 
thus,  though  for  a  time  its  extinction  was  most  complete,  this  very 
circumstance  may  be  said  to  have  paved  the  way  for  its  regenera- 
tion on  better  principles,  at  a  subsequent  period.  By  it  was 
annihilated  all  mere  conventional  rules,  and  by  it  was  destroyed 
every  false  standard  of  excellence ;  and  the  absence  of  precedent 
conij)elled  the  artist  to  go  back  to  the  study  of  nature,  the  only 
source  from  which,  in  early  ages,  lie  can,  and  in  all  ages,  he  should, 
derive  his  ideas,  however  he  may  seek  to  form  his  taste,  mature 
his  judgment,  or  collect  e->cperience  from  the  works  of  others' :  and 
from  tliis  constant  reference  to  nature  alone,  we  must  trace  that 
freshness  of  feeling  and  vigour  of  conception  with  which  the  early 
productions  of  art  and  literature  teem,  and  which  we  strive  in 
vain  to  catch  when  the  feelings  of  society  have  become  more  re- 
fined and  enervated,  and  its  structure  more  artificial  and  compli- 
cated. Art  will  invariably  take  its  tone  and  expression  from  the 
character  of  the  age  in  which  it  is  produced ;  it  is  an  influence  the 
artist  cannot  resist ;  it  forms  the  very  atmosphere  he  breathes ; 
and  from  it  the  constitution  of  his  mind  takes  its  tone :  the  expe- 
rience of  the  past  oft'ers  no  exception,  the  character  of  art  at  the 
present  day  confirms  it. 

As  the  arts  gradually  emerged  from  the  obscurity  in  which  they 
were  buried  (fostered  by  a  patronage  peculiarly  favourable  for  the 
development  of  their  loftiest  powers),  they  began  to  assert  their 
true  position  and  exercise  their  legitimate  influence  on  society ; 
and  while  the  monuments  of  classic  art  were  rapidly  falling  to 
decay,  another  style  of  architecture  arose,  based  on  principles  of 
construction  and  of  composition  almost  as  diametrically  opposite  to 
those  of  classic  art  as  the  source  from  whence  it  sprung,  the  pur- 
poses to  which  it  was  dedicated,  and  the  character  of  the  age  and 
people  amongst  whom  it  originated.  The  sculptural  accessories 
are  no  less  different  in  character  than  the  architecture  with  which 
they  are  associated.  These  sculptural  accessories  (often  vigorous  in 
design  and  well  conceived,  consisting  ijrincipally  of  isolated 
figures,  stiff  and  constrained,  distributed  and  arranged  rather  by 
conventional  and  prescribed  ideas  of  symbolism  than  by  rules  of 
artistic  composition),  convey  ideas  more  by  symbolical  arrangement 
than  by  a  combination  of  action  and  expression ;  of  this  perhaps 
the  fronts  of  Wells  and  Exeter  Cathedrals  may  be  adduced  as  the 
most  striking  examples.  Thus  in  the  sculptural  decoration  of 
mediaeval  architecture  we  observe  a  style  of  art  too  subordinate  in 
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its  character,  too  circumscribed  in  its  views,  and  too  much  fettered 
by  conventional  forms  to  expand  and  assert  an  independent  posi- 
tion ;  aiming  solely  at  the  expression  of  devotional  feelinj?  by  tlie 
adoption  of  the  most  simple  forms.  These  remarks  do  not  apply 
to  the  artists  of  the  revival  in  Italy  ;  who,  forming  their  taste  on 
the  model  of  the  anticpie,  united  to  these  sentiments  the  lofty  ex- 
pression of  intellect  and  ideal  perfection ;  and  thus  produced  a 
distinguishing  merit  and  charm  in  their  works.  In  the  revival  of 
the  classic  styles  in  Italy,  we,  in  the  treatment  of  the  two  arts  of 
nrchitecture  and  sculpture,  meet  with  the  observance  of  the  same 
principles  which  guided  the  artists  of  classic  times ;  but  not,  how- 
ever, carried  out  with  the  same  refinement  of  feeling  and  correct- 
ness of  taste.  The  vigorous  and  fertile  imagination  of  the  great 
Italian  masters  (though  it  enabled  them  to  trace  out  their  own 
path,  and  to  imitate  the  example  and  catch  the  feeling  without 
tamely  copying  their  model)  often  betrayed  them  into  irregularity, 
which  marred  the  effect  of  their  most  successful  works;  while  by 
artists  of  inferior  talent,  exaggerated  action  and  expression,  eccen- 
tricity, and  extravagant  conceits,  were  too  often  confouiuled  with 
tiie  bold  originality  and  vigorous  conceptions  of  true  genius.  Of 
these  defects  the  jialaces  and  churches  of  Italy  afford  innumerable 
instances,  which  will  immediately  occur  to  those  acquainted  with 
tlie  works  of  these  masters.  It  cannot,  indeed,  be  denied,  that  the 
peculiar  character  of  the  Italian  style  admitted  a  freedom  of  treat- 
ment in  the  sculptural  accessories  which  would  be  offensive  and 
inadmissible  in  more  correct  and  regular  compositions  ;  but  at  the 
game  time  it  will  he  obvious  that  there  is  a  limit  to  these  irregu- 
larities, which  can  only  be  assigned  by  good  taste  and  discriminat- 
ing judgment  on  the  part  of  the  artist  himself. 

The  first  and  most  important  point  is  to  observe  a  perfect  ac- 
cfjrdance  in  style  and  character  with  that  of  the  building  to  which 
we  apjily  it,  that  it  not  only  should  illustrate  its  object  and  pur- 
pose, by  intelligible  and  appropriate  allegory,  but  convey  it  also 
with  congruity  of  feeling  and  sentiment,  even  to  the  minutiae  of 
execution,  (for  the  skilful  architect  not  only  adapts  the  main 
features  of  his  building  to  the  purpose  for  which  it  is  designed, 
but  also  expresses  it  in  every  member,  and  moulds  every  detail  in 
exact  accordance).  But  to  produce  that  harmony  and  propriety 
(which  is  the  source  of  our  most  agreeable  sensations  in  contemp- 
lating the  productions  of  art),  we  must  in  addition,  distribute  it 
so  judiciously  through  the  composition,  and  so  nicely  adjust  it  in 
f)roportion  and  position,  that  it  shall  appear  an  integral  portion  of 
tlie  design, — the  work  as  it  were  of  one  hand,  and  so  completely 
the  expression  of  one  idea,  that  a  chasm  and  vidd  would  be  created 
b.y  its  removal :  that  neither  by  disproportionate  size,  nor  too  pro- 
minent a  position,  it  should  obtrude  offensively  on  the  eye ;  nor  by 
tlie  opposite  extreme,  ap])ear  to  retire  too  much  and  lose  its  legiti- 
mate effect  and  place  in  the  composition.  Tlie  regulation  and  nice 
adjustment  of  these  points  cannot,  however,  be  determined  by  rule, 
since  every  individual  case  will  require  a  different  treatment,  but 
it  must  altogether  he  attained  by  that  refinement  and  correctness 
of  taste  on  the  part  of  the  artist  which  can  only  result  from  a 
careful  and  accurate  study  of  the  best  models,  united  with  tlie 
greatest  judgment  and  discrimination. 

As  a  subordinate  and  purely  decorative  feature,  it  will  be  of  the 
utmost  importance  that  the  outline  of  the  sculpture  should  be  re- 
gulated by,  and  accord  most  accurately  with,  that  of  the  architec- 
ture ;  and  that  it  fiU  up  with  precision  those  circumscribing  lines 
within  which  it  is  placed ;  that  there  be  no  protuberance,  undue 
projection,  or  ungraceful  deflection  in  the  contour,  either  in  itself, 
or  in  combination  ;  and  that  it  do  not  interfere  with,  or  break  off 
those  main  lines  which  indicate  the  constructive  features  of  the 
building,  or  the  continuity  of  which  expresses  the  arrangement 
and  proportions  of  the  composition. 

It  will  also  be  found  a  point  of  considerable  importance,  in  com- 
bining sculpture  with  architecture,  to  adopt  a  sober  and  subdued 
style  of  composition  in  the  position  and  arrangement,  and  particu- 
larly in  the  treatment,  of  the  draperies  and  accessories,  not  only 
in  isolated  figures  and  in  those  which  form  the  terminations  and 
crowning  members,  but  also  in  the  composition  of  the  friezes  and 
pediments.  The  confusion  produced  by  exaggerated  action  or 
intricate  grouping  will  be  immediately  detected  by  its  discomposing 
and  harshly  contrasting,  without  relieving  the  lines  of  the  archi- 
tecture; though  on  the  other  hand  must  be  avoided  a  meagre  and 
straggling  arrangement,  and  the  stiff  effect  arising  from  perpen- 
dicular and  horizontal  lines.  The  value  of  sculpture  as  a  decora- 
tion (independent  of  the  sentiment  it  conveys)  consists  mueli  in 
the  relief  it  affords  by  carrying  up  the  eye  with  its  graceful  termi- 
nations ;  filling  up  what  would  otherwise  be  void  and  blank,  with 
varied  and  undulating  lines  and  forms  of  the  most  exquisite 
beauty.     The  success  with  which  the  artists  of  Greece  moulded 


and  adapted  these  requirements  will  prove  that,  when  properly 
treated,  they  tend  neither  to  cramp  the  ideas  nor  to  shackle  the 
invention  of  the  artist. 

If  it  be  necessary  to  observe  these  rules  in  the  treatment  of 
groups,  it  will  be  found  still  more  so  in  the  case  of  isolated  figures ; 
and  the  infringement  of  them  produces  still  more  ungraceful 
effects.  On  the  revival  of  art  in  Italy,  distortion  and  exaggerated 
action  and  expression  were  too  frequently  confounded  with  origi- 
nality and  vigour  of  execution  ;  and  we  are  continually  meeting 
in  their  works  with  the  most  striking  instances  both  of  the  in- 
fringement of  these  rules  and  the  ungraceful  effects  resulting 
therefrom. 

In  placing  sculpture  in  juxta-position  with  architecture,  it  is 
obviously  a  point  of  no  small  importance  to  consider  the  scale 
thereby  imparted  to  the  composition.  It  will  hardly  be  necessary 
to  demonstrate  with  argument,  that  with  which  every  artist  must 
be  acquainted  ;  viz.,  that  magnitude  is  rel;itive  rather  than  actual, 
and  that  by  skilfully  proportioning  details,  or  by  placing  in  juxta- 
position features,  with  the  size  of  which,  by  habit,  experience,  or 
instinct,  we  are  acquainted,  with  those  of  which  we  have  no  other 
data  for  determining  the  magnitude,  he  can  impart  a  fictitious 
scale  to  his  composition  ;  or  that  by  diminishing  one  feature  and 
exaggerating  another,  he  can,  by  this  comparison,  produce  an  idea 
of  magnitude  which  the  actual  size  does  nut  possess.  In  practice, 
this,  nevertheless,  has  hut  too  frequently  been  lost  sight  of;  and 
in  many  instances,  where  circumstances  institute  the  comparison, 
it  has  been  rather  the  result  of  accident  than  design.  Perhaps  this 
remark  might  be  more  justly  restricted  to  the  revival  and  later 
productions  of  art ;  since,  in  the  works  of  the  antique,  we  con- 
tinually observe  not  only  its  application,  but  the  success  with 
which  it  has  been  attended.  The  principle  must,  however,  obvi- 
ously become  of  peculiar  importance  in  the  case  of  sculpture, 
since  the  proportion  of  the  human  figure  is  that  with  which  we  are 
most  naturally  and  necessarily  acquainted,  and  one  which  we  per- 
haps more  readily  apply  than  any  other  (adjusting  everything  to 
this  scale  instinctively),  and  although,  to  a  certain  extent,  the 
scale  of  the  sculptural  accessories,  particularly  the  isolated  figures, 
will  be  indicated  by  viirious  circumstances  in  the  proportions  of 
the  architecture,  it  is  not  absolutely  or  invariably  so,  and  the  ad- 
vantage to  be  gained  by  skilfully  adjusting  this  scale  must  never 
be  lost  sight  of.  When,  by  being  in  due  proportion  to  the  mem- 
bers of  the  architecture,  it  would  become  too  colossal,  it  might  be 
preferable  to  adopt  a  different  species  of  decoration  ;  since,  where 
the  ordinary  features  of  the  composition  are  merely  increased  in 
actual  size,  and  the  same  relative  proportions  observed,  the  scale 
by  which  we  measure  is  increased  in  nearly  the  same  ratio.  We 
may  also  observe,  that  the  undue  exaggeration  of  the  human 
figure  beyond  its  natural  proportions,  so  far  from  invariably  pro- 
ducing an  effect  of  grandeur,  is  sometimes  productive  of  impres- 
sions akin  to  those  resulting  from  actual  deformity ;  the  propor- 
tioning these  parts  is,  however,  a  point  which  must  depend  solely 
upon  the  judgment  of  the  artist,  and  one  for  which  no  rule  can  be 
laid  down  :  a  careful  study  of  the  best  models  and  an  accurate  ob- 
servation of  works  already  executed,  will  form  the  best  and  perhaps 
the  only  guide. 

VV^hen  we  observe  how  necessary  to  produce  a  pleasing  and  har- 
monious effect  (even  in  isolated  works,  which  are  to  he  considered 
as  complete  in  themselves  and  not  affected  by  external  circum- 
stances) are  the  duly  balancing  the  corresponding  parts  of  the 
composition ;  the  skilfully  contrasting  and  combining  forms  and 
lines  of  varying  contour;  the  duly  fiUing-in  and  adjusting  every 
part  so  as  to  give  one  outline  to  the  mass,  however  varied  in 
detail, — it  is  obvious,  that  in  combination  with  architecture,  the 
slightest  discrepancy  or  failing  in  this  respect  will  be  exaggerated, 
by  contrast  with  the  regularity  of  the  lines  and  masses  with  which 
it  is  associated  ;  and  to  this  point,  therefore,  the  artist  must  direct 
his  most  diligent  attention. 

In  designing  groups  and  figures  which  crown  and  form  the  ter- 
mination of  the  composition,  it  will  he  found  of  the  greatest  im- 
portance that  the  figures  in  every  aspect  appear  in  perfect 
equilibrium,  and  firmly  planted  and  balanced  on  the  pedestal  on 
which  they  stand,  devoid  of  any  protuberance  or  projection,  either 
in  limb  or  drapery,  which  may  appear  to  throw  the  mass  more  on 
one  side  than  on  the  other.  It  will  for  this  purpose  be  found  ne- 
cessary carefully  to  study  the  work  from  every  possible  point  of 
sight  from  which  it  can  be  seen  ;  since  we  have  continually  to 
observe  that  though  perfect  when  viewed  in  some  positions,  this 
due  equilibrium  of  the  mass  is  disturbed  when  seen  in  others,  and 
that  even,  when,  in  reality  and  mechanically  speaking,  it  is  duly 
poised. 

Of  the  ill  effects  resulting  from  an  imperfect  or  partial  study  of 
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tliis  important  point,  the  works  of  the  artists  of  the  revival  ahove 
alluded  to  (thoiijih  masters  of  perspective  and  perspective  effects) 
afford  innumerable  instances ;  while  of  consummate  skill  and 
science  in  nieetinjj-  these  requirements,  the  inimitable  productions 
of  the  Grecian  chisel  afford  at  once  a  most  striking  example,  and 
to  the  artist  an  invaluable  model  for  study. 

An  important  part  of  the  subject  of  the  application  of  sculpture 
to  architecture  is  the  employment  of  caryatides  in  the  place  of 
the  column  to  support  the  entablature  of  the  orders.  Whether  the 
origin  of  this  feature  be  that  related  by  Vitruvius,  or  whether  it 
resulted  merely  in  the  fertile  and  lively  imagination  of  tlie  artist 
adopting  this  form  for  variety  only,  it  will  hardly  be  worth  our 
while  to  consider;  though  the  employment  of  the  human  figure 
combined  with  massive  columns,  but  not  aiding  in  the  support  of 
the  mass  above,  occurring  in  the  Egyptian  temples,  might  induce 
the  belief  that  the  idea  has  been  already  suggested  by  precedent, 
aud  that  the  character  it  assumed  in  Grecian  architecture  was 
merely  the  result  of  the  more  refined  taste  of  the  artist.  The 
instances  in  which  they  were  employed,  and  the  manner  in  which 
they  have  been  treated,  has  been  already  considered,  as  also  that  of 
the  same  feature  by  the  artists  of  the  revival  in  Italy.  It  has  else- 
where been  but  very  sparingly  adopted.  Jean  Goujon  has  left  us 
some  admirable  specimens  of  his  taste  and  skill  in  the  Louvre  at 
Paris,  which  exhibit  all  the  chaste  and  refined  feeling  of  the 
antique  combined  with  the  freedom  of  the  revival.  Inigo  Jones's 
circular  court  of  caryatides,  in  the  Palace  at  Whitehall,  though 
not  e.xecuted,  yet  forms  so  beautiful  a  feature  in  the  design  that 
we  must  not  omit  to  notice  it,  and  to  observe  with  what  peculiar 
judgment  the  architect  has  treated  this  feature  of  his  design :  by 
applying  it  to  an  interior  court,  a  perfectly  unique  effect  is  pre- 
served, undisturbed  by  comparison  in  size  with  the  columnar  ar- 
rangement. 

It  is  obvious  that,  in  a  great  measure,  the  same  rules  will  regu- 
late the  treatment  of  caryatides  which  govern  the  application  of 
sculpture  generally  to  architecture ;  viz.,  a  general  sobriety  of 
treatment ;  tlie  avoiding  all  strained  and  unnatural  positions  of 
the  limbs ;  no  flutter  or  discomposure  of  the  drapery  ;  the  figure 
balancing  itself  most  accurately,  and  appearing  in  every  position 
in  the  most  perfect  equilibrium  ;  the  outline  of  the  limbs  being 
clearly  developed  through  the  folds  of  the  drapery;  and,  lastly, 
the  absence  of  the  idea  of  forced  and  laborious  exertion  on  the  one 
hand,  and  of  positive  inaction  on  the  other,  that  the  figure  appear 
easily  and  naturally  to  support  its  superincumbent  members,  and 
that  they  be  so  treated  that  the  same  outline  and  position  do  not 
recur  too  often.  If  engaged  with  the  wall,  as  is  frequently  the 
case,  a  greater  freedom  of  treatment  may  undoubtedly  be  adopted, 
since  the  outline  of  the  figure  will  not  vary  much  in  different 
points  from  which  it  can  be  seen. 

It  might  at  first  be  supposed  that  the  study  and  practice  of  two 
arts,  so  intimately  connected  with  each  other,  and  so  naturally 
and  readily  combined,  might  have  been  united  with  advantage  in 
the  same  artist.  If,  however,  we  look  back  upon  the  history  of 
art,  more  particularly  to  the  era  of  the  revival  in  Italy,  at  which 
time  they  were  not  uncommonly  united  in  the  same  individual,  we 
cannot  but  observe  that  the  abuses  and  deformities  are  principally 
to  be  met  with  in  the  works  of  the  architect-sculptors;  and  that 
in  artistic  effect  and  arrangement,  as  well  as  in  appropriate  and 
characteristic  detail,  they  were  surpassed  by  their  brethren,  the 
architect-painters  of  the  same  period.  However,  they  both  fall 
short  of  those  whose  whole  attention  was  devoted  to  architecture 
alone ;  showing,  more  conclusively  than  argument,  that  the  rules 
of  the  artist  must,  in  these  points,  be  his  non  imperitus;  that  to 
compass  more  than  one  to  its  fullest  extent — to  attain  to  or  approach 
perfection,  where  the  attention  is  divided  upontwo  objects  of  equal 
importance  and  scope, — is  beyond  the  grasp  of  the  most  powerful 
intellect,  and  that  the  attempt  can  only  be  attended  with  failure 
in  one,  or  mediocrity  in  both.  There  may  be  quoted  a  few  brilliant 
exceptions  ;  yet,  if  these  even  be  fairly  balanced  upon  their  own 
merits,  irrespective  of  the  authority  of  great  names,  the  observa- 
tion may  apply  to  them. 

In  conclusion,  although  it  might  seem  that  the  rules  to  be  ob- 
served in  applying  sculpture  to  architecture  are  rigid,  and  calculated 
to  trammel  the  artist  with  restrictions  incompatible  with  the  free 
exercise  of  his  genius,  there  is,  in  reality,  perhaps  no  point  on 
which  the  invention  of  the  artist  is  less  fettered,  or  on  which  so 
wide  a  field  is  left  for  tlie  exercise  of  his  own  discretion,  since 
they  determine  no  fixed  proportions,  prescribe  no  particular  form, 
arrangement,  or  detail,  and  tlieir  very  application  must  depend  on 
the  artist's  discernment  and  taste.  How  little  these  rules  are  cal- 
culated to  induce  poverty  and  tameness  of  design,  or  confine  tlie 
free  exercise  of  the  imagination,  the  example  of  the  gifted  artists 


of  Greece  will  sufficiently  prove.  The  rules  of  art,  so  called,  are 
not  arbitrary  restriction  founded  on  the  caprice  of  fashion,  the 
authority  of  precedent,  or  the  practice  of  approved  masters, — but 
those  immutable  laws,  upon  the  observance  of  which  beauty, 
grandeur,  and  harmony  most  depend  (which  admit  of  no  excep- 
tion), apply  to  every  variation  of  circumstances ;  are  ascertained 
by  an  accurate  observation  of  the  effects  of  certain  combinations  ; 
and  are  as  inseparably  connected  with  the  productions  of  certain 
results  as  cause  and  effect  in  mechanical  appliances  in  the  physical 
world.  It  is  the  attribute  and  characteristic  of  true  genius  io- 
tuitively  to  know,  and  instinctively  to  apply  them,  however  neces- 
sary experience,  careful  observation,  and  diligent  study  may  be  to 
mature  the  judgment  and  refine  the  taste.  To  conform  to  them 
will  exercise  its  ingenuity  rather  than  restrict  its  powers,  while 
their  due  observance  will  give  force  and  precision  to  its  efforts, 
by  directing  them  in  the  right  channel,  and  by  preserving  it  from 
those  irregularities  which  mar  the  productions  of  genius  unaided 
by  experience  and  education. 


RESISTANCES  TO  RAILWAY  TRAINS. 

EXPERIMENTS    DOWN    INCLINED    PLANES    BY    GRAVITY. 

Some  experiments  have  recently  been  made  on  the  retardation 
of  trains  on  inclined  planes;  and  as  the  subject  has  been  much 
debated,  a  brief  analysis  of  the  results  may  be  acceptable, — an 
account  of  the  experiments  themselves  will  be  found  at  the  end  of 
this  paper.  It  is  to  be  observed,  that  the  circumstances  under 
which  they  appear  to  have  been  conducted,  render  uniformity 
and  certainty  in  the  conclusions  from  them  very  difficult,  or  rather 
absolutely  impossible. 

In  the  first  place,  to  get  a  general  law  of  resistance  by  experi- 
ments on  inclined  planes,  it  is  absolutely  requisite  that  the  line 
should  be  straight,  the  air  calm,  and  the  distance  traversed  con- 
siderable. Of  the  resistance  of  curves,  and  wind  in  motion, 
nothing  can  be  known  till  the  resistance  in  more  simple  cases  be 
ascertained.  To  begin  with  the  more  complex  enquiry  is  to 
entangle  the  subject  with  phenomena,  respecting  which  igno- 
rance virtually  is  confessed,  by  the  very  circumstance  of  making 
the  experiment. 

Again,  it  is  imperatively  necessary  that  the  distance  traversed 
should  be  considerable — and  we  urge  this  point  the  more  strongly, 
because  it  applies,  not  only  to  the  present  experiment,  but  also  to 
former  experiments  on  the  narrow-gauge  railways.  The  report  to 
the  British  Association  on  Railway  Resistances  (1837)  contains  the 
following  important  remark  on  this  head : — 

"In  every  case  hitherto  examiaed,  the  unifurm  velocity  which  may  ap- 
pear to  have  beeu  attaioed  iiuder  such  cirouiiistaaces,  is  somewhat  less 
than  that  attained  on  the  same  plane,  when  the  train  has  coniiiienced  the 
descent  at  a  considerable  velocity  ;  it  may  therefore  be  doubted,  if  trains 
which  may  appear  to  have  attained  an  uniform  velocity  after  starting  from 
a  slate  of  rest  (on  planes  on  which  the  experiments  have  been  made), 
may  not  really  be  travelling  at  a  very  slowly  accelerating  velocity,  and 
as  the  lengths  of  such  planes  of  one  inclination  do  not  enable  this  to  be 
ascertained  with  certainty,  it  has  been  deemed  better  to  exclude  such 
results.  The  same  rule  has  been  followed  for  similar  reasons  in  aoalysiug 
the  other  series  of  experiments  on  inclined  planes  referred  to  in  this 
paper." 

This  remark  appears  to  apply  to  the  experiments  before  us,  and 
also  to  those  undertaken  by  Mr.  Wyndham  Harding,  on  the  Croy- 
don Atmospheric  Railway.  Of  course,  it  is  only  where  the  mass  or 
the  train  is  small,  that  the  resistance  soon  begins  to  tell ;  the  effect 
of  the  inertia  of  large  trains  travelling  at  high  velocities,  is  best 
seen  by  considering  the  distance  they  will  move  when  subject  to 
the  enormous  pressure  of  the  break. 

The  present  experiments  being  subject  to  these  various  sources 
of  error,  exhibit  discrepancies  which  greatly  diminish  the  value 
of  the  conclusions  indicated.  For  instance,  in  each  of  the  first 
nine  experiments  (except  the  Gth  and  8th,  which  may  be  altoge- 
ther disregarded  on  account  of  the  disadvantageous  circumstances 
under  which  they  were  conducted),  there  occurs  a  sudden  and  un- 
explained increase  of  velocity  at  the  distance  85i.  This  may, 
perhaps,  be  attributable  to  local  circumstances  ;  but  what  is  more 
important,  is  the  fact  that  the  alteration  of  the  gradient  from  ^j, 
to  gj5,  makes  no  perceptible  alteration  of  the  speed  in  five  out  of 
the  seven  trustworthy  experiments  on  those  gradients.  This  con- 
sideration furnishes  a  convincing  proof  of  the  danger  of  drawing 
deductions  from  the  apparent  uniformity  of  motion  for  short  dis- 
tances.   If  the  resistance  in  pounds  per  tou  for  a  given  velocity 
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he  deduced  from  the  apparently  unaltered  motion  on  both  gradients, 
we  arrive  at  the  absurdity  of  giving  the  resistance  two  dirt'ercnt 
values,  of  which  one  is  between  six  and  seven  times  as  great  as 
the  other. 

'J'o  exhibit  more  clearly  the  very  great  effect  of  the  inertia  of 
trains  in  maintaining  their  velocity,  we  will  calculate  the  motion 
on  level  ground,  at  a  uniform  resistance  of  20  lb.  per  ton,  when 
the  train  is  started  at  a  velocity  of  80  feet  per  second  (or  ratlier 
more  than  5+  miles  an  liour).  I5y  the  principle  of  Conservation  of 
Fix  Viva— 

J,W  (V-'  -  j)«)  =  2Rj-; 
where  R  is  the  uniform  resistance,  V  the  initial  velocity  in  feet 
iier  second,  v  the  velocity  at  a  subsequent  time  when  the  train  has 
travelled  x  feet,  W  the  weight,  and  therefore  j',  V/  the  mass 
(putting  32  feet  for  the  measure  of  gravity):  or  one  thirti/secoiid  part 
of  the  u-eiyitt  X  ''.V  the  difference  between  the  squares  of  the  initial  and 
xubsequeyit  velocity,  is  equal  to  twice  the  corresponding  distance  tra- 
versed X  by  the  uniform  resistance.  This  is  a  simple  arithmetical 
rule  for  calculating  all  cases  of  the  rectUineal  motion  of  a  body 
started  with  a  given  initial  velocity,  and  then  abandoned  to  the 
influence  of  a  constant  retarding  force. 

To   suit  the  present  case,  we  put  V  =  80,  and  the  resistance  = 

20  pounds  per  ton,  and  multiply  the  weight  of  tlie  train  by  2210, 

to  express  it  in  pounds ;  and  the  above  formula  becomes 

pgj,o  7 

(V-'  -  «=)  =  40  x;  or,  11,200 «^  =  x, 

32    ^  '  '      '      '  4, 

to  find  the  distance  in  feet  corresponding  to  any  subsequent 
velocity.  Putting  v  —  0,  we  find  tliat  the  train  mores  2-12  miles 
before  it  comes  to  rest  ;  and  putting  v  =  70,  we  find  that  the  train 
mores  2,9^5  feet,  or  more  than  half  a  mile,  before  its  velocity  is  reduced 
from.  80  to  70  feet  per  second.  If,  instead  of  making  the  resistance 
uniform,  we  supposed  it  to  decrease  gradually,  as  it  does  on  rail- 
way, the  distances  above  calculated  would  be  increased. 

These  considerations  show  the  absolute  necessity  of  using  long 
distances  in  performing  experiments  on  the  retardation  of  trains. 
IJut  though  thev  throw  a  doubt  on  the  experiments  before  us,  it 
would  be  too  much  to  say  that  they  render  them  absolutely  worth- 
less. On  the  contrary,  with  some  exceptions,  the  conclusions  dis- 
play a  certain  degree  of  consistency  which  adds  to  their  weight.  Of 
course,  the  testimony  inferred  from  this  consistency  would  be  much 
greater  if  we  were  informed  that  these  experiments  are  all  that 
have  been  undertaken,  and  that  none  other  inconsistent  with  them 
have  been  performed. 

Now,  of  the  experiments  on  the  tJ;,  gradient,  the  2nd,  3rd, 
and  3th,  with  an  initial  velocity  of  50  to  52  miles  an  hour,  ex- 
hibit tolerably  uniform  velocities.  This  would  indicate  that  at 
50  to  52  miles  an  hour,  the  resistance  is  -^  the  weight,  or  22-4 lb. 
per  ton.  Experiments  1,  4,  and  7,  show  retarding  velocities,  indi- 
cating that  at  54  to  58  miles  an  hour,  the  resistance  exceeds  22-4  lb. 
per  ton.  Again,  in  the  13th  experiment,  on  a  gradient  of  about  J;, 
the  speed  is  tolerably  uniform  ;  in  the  11th,  on  the  same  gradient, 
it  is  accelerated.  In  both  experiments  on  a  giadient  of  -[^j,  the 
speed  is  accelerated.  Reasoning  as  before,  we  have — on  the  assump- 
tion that  the  above  form  of  "the  data  is  accurate — the  following 
general  conclusions,  in  three  pairs,  corresponding  with  the  three 

gradients  : — 

milea  per  hour.  lb.  per  ton. 

When  velocity  is        50  —  2  Resistance  equals        \     r,, 

54  —  8  exceeds        / 

55  equals         "1       ,g 
43                                     less  than        j 

36  less  than        \      jg 

37  less  than        J 

These  results  agree  very  well  with  those  obtained  in  1846,  by 
Mr.  W.  Harding,  by  the  dynamometer,  on  the  South  Eastern  nar- 
row-gauge railway,  and  reported  in  his  paper  presented  to  the 
Institution  of  Civil  Engineers: — 

miles  per  hour.  lb-  per  ton. 

Velocity        29  Resistance        16o 

37  18-3 

45  21-7 

46  21-3 

To  complete  the  comparison,  we  select  those  of  the  experiments 
of  the  British  Association  which  were  made  at  velocities  above 
30  miles  an  hour,  on  inclined  planes  on  narrow-gauge  lines  :— 

miles  per  hour.  lb.  per  too. 

Velocity        31  Resistance        23-4 

34  23-4 

37  25 

32  225 

It  is  to  be  observed,  that  these  rates  of  resistance  considerably 
exceed  the  former. 


We  do  not  bring  into  the  comparison  the  experiments  of  the 
Gauge  Commission,  in  which  the  resistance  is  derived  from  the  con- 
sumption of  water  by  such  an  arbitrary  and  dangerous  i)rocess,  tliat 
we  feel  justified  in  rejecting  that  evidence  entirely.  Neither  can 
Mr.  Wyndham  Harding's  experiments  on  tlie  Croydon  Atmo- 
spheric Railway,  by  the  difference  of  barometric  pressures,  be  ad- 
mitted into  the  comparison.  His  case  for  the  rapid  increase  of  re- 
sistance with  increase  of  speed,  rests  almost  entirely  on  thete  experi- 
ments, and  therefore,  as  we  tliink,  on  an  insufficient  foundation. 
These  experiments  are  as  follows  : — 

miles  per  hour.  lb.  per  ton. 

Velocity         01  Resistance         52-6 

53  41-7 

55  36 

50  32-9 

47  33-7 

In  the  first  place,  the  results  obtained  by  the  barometer  are  in- 
consistent with  themselves :  the  resistance  at  55  miles  an  hour  is 
fifteen  per  cent,  more  than  at  a  less  velocity  of  53  miles.  The  only 
experiment  at  upwards  of  60  miles  an  hour,  shows  an  increase  of 
resistance  so  disproportionate,  as  naturally  to  induce  suspicion ; — 
at  all  events,  a  single  result,  so  inconsistent  with  all  previous  ob- 
servation, ought  not  of  itself  to  be  sufficient  evidence  of  a 
general  law.  Moreover,  this  very  experiment  was  conducted 
under  circumstances  most  unfavourable  to  a  general  conclusion. 
The  distance  traversed  was  3-5  miles,  the  time  of  transit  four 
minutes  and  a  half,  and  the  recorded  velocity  fluctuated  from  32  to 
61  miles.  And  yet  this  single  trial  is  the  mainstay  of  the  theory 
of  high  resistances  at  high  velocities !  We  have  already  shown 
the  great  effect  of  the  inertia  of  trains  at  high  velocities,  and  the 
extreme  uncertainty  of  any  conclusions  from  the  apparent  uni- 
formity of  motion ; — that  the  uniformity  is  apparent  only  and 
not  absolutely  certain,  the  brief  duration  of  the  experiment  and 
its  great  fluctuations  are  sufficient  testimony. 

It  is  important  to  observe,  in  confirmation  of  this  view  of  the 
subject,  that  the  barometric  method  of  calculating  resistances, 
always  gives  results  which,  as  far  as  they  can  be  compared,  ex- 
ceed those  obtained  by  any  other  method. 

On  the  whole,  we  are  inclined  to  an  opinion,  from  the  insuffi- 
cient evidence  before  us,  that  the  resistanee  does  not  increase  so 
much  with  the  velocity  as  has  sometimes  been  contended ;  and 
that  the  resistances  per  ton,  do  not  differ  widely  on  the  broad  and 
narrow  gauge.  The  advantage,  if  any,  belongs  to  the  former  ; 
principally,  we  imagine,  on  account  of  the  comparative  smoothness 
of  motion  over  longitudinal  sleepers.  There  can  be  no  reasonable 
doubt,  that  comparing  the  longitudinal  and  transverse  sleepers, 
when  both  are  in  perfect  order,  the  former,  by  giving  more  perfect 
support  to  the  rails,  render  them  less  liable  to  vibration  and  con.» 
cussion.  It  may  be  laid  down,  as  a  general  rule,  that  whatever 
increases  the  regularity  of  motion,  diminishes  the  resistance.  One 
of  the  consequences  of  this  rule  is,  that  the  resistance  of  trains  is 
diminished  by  diminishing  their  lateral  oscillation.  On  this  sub- 
ject we  have  not  space  to  speak  at  length;  it  is  sufficient  to 
observe,  that  the  tendency  to  oscillate  depends  on  what  is  known 
in  mathematics  as  the  radius  of  gyration,  and  is  therefore  di- 
minished by  diminishing  the  weight  projecting  beyond  the  wheels 
outside,  and  by  reducing  the  proportion  of  the  height  of  the 
centre  of  gravity  to  the  distance  between  the  points  of  support. 

[Abbreviated  from  the  "  Morning  Herald,"'] 
We  return  to  the  consideration  of  this  interesting  and  important  practical 
railway  investigation.  As  we  have  previously  stated,  the  question  of  the 
"  resistances  to  railway  trains  at  certain  velocities,"  is  not  a  mere  scientific 
question,  but  one  in  which  the  convenience  and  accommodation  of  the 
public  are  very  materially  involved.  The  establishment  of  the  truth  of  the 
"formula"  which  makes  the  resistance,  at  00  miles  per  hour,  some  40  lb. 
per  ton,  or  50  per  cent,  higher  than  we  shall  presently  show  it  to  he,  would 
present  a  strong  economical  argument  either  against  express  travellinc;,  or 
for  the  restriction  of  the  accommodation  of  quick  transit  to  first-chiss 
passengers  at  high  faros. 

In  the  ohservations  made  by  us  a  few  days  since,  in  reference  to  the 
extraordinary  differences  of  opinion  existing  on  the  subject  between  practical 
engineers,  we  noticed  the  singidar  fact  that  while  a  uniform  velocity  of  not 
more  than  36  miles  per  hour  has  ever  been  maintained  with  narrow-gauge 
trains,  by  the  force  of  gravity,  down  an  incline  of  1  in  100,  a  uniform  velo- 
city of  upwards  of  53  miles  per  hour  had  been  maintained  with  hroad-gauge 
trains  by  gravity  down  an  equal  incline.  We  then  stated  that  we  had  our- 
selves gone  done  the  Box  Tunnel  incline  (1  in  100)  at  a  greater  uniform 
velocitv  than  53  miles  per  hour.  We  have  since  made  a  series  of  experi- 
ments down  the  Wootton  Uassett  incline,  stated  to  be  1  in  100,  hut  some 
nortiim  of  which  is  1  in  110  only;  and  down  other  inclines  on  the  Bristol 
1  and  Exeter  Railway;  and  from  the  details  given  below,  it  will  he  seen  that  a 
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much  greater  uniform  velocity  than  53  miles  per  hour,  even  under  very 
xmfavourahle  circumstances,  can  he  obtained  down  1  in  100,  by  gravity  ;  and 
that  ciinsequently  the  foundation  on  which  many  railway  engineers  have 
rested  the  very  pillar  of  their  theory  of  high  rates  of  resistance  at  high  velo- 
cities, is  utterly  without  substantiality, — that,  indeed,  it  is  a  mere  fallacy, 
which  will  hereafter  be  numbered  amongst  the  delusions  and  visions  of 
practical  men. 

The  whole  of  the  following  experiments  were  made  with  ordinary  working 
trains,  and  the  object  was  not  to  collect  minute  data  from  which  any 
scientific  results  might  be  deduced,  but  simply  to  prove — exclusive  of  the 
results  of  experiments  made  by  either  broad  or  narrow  gauge  engineers — 
that  what  has  long  been  considered  an  •'  established  fact"  in  reference 
to  the  resistance  to  railway  trains  descending  inclined  planes  by  force  of 
gravity,  is  a  mere  "  circumstance,"  which,  although  applicable  to  narrow- 
gauge'trains,  is  utterly  inapplicable  to  hroad.gau.-e  trains.  The  diversities 
in  the  rates  of  speed  shown  in  the  workings  given  below  arose,  no 
doubt,  from  a  great  variety  of  causes.  Nearly  the  whole  of  the  portions 
of  the  line  over  which  the  experiments  were  made  consists  of  a  series 
of  curves,  and  of  cuttings  and  embankments.  The  carriages  were  of 
different  weights,  and  may  occasionally  have  been  well  or  badly  coupled. 
One  day  the  weather  was  calm,  the  next  it  was  unsettled  ;  in  some  of  the 
experiments  there  was  a  sHglit  head  wind,  in  others  a  moderate  side  wind 
from  tlie  right,  or  a  moderate  side  wind  from  the  left  prevailed,  and  during 
tliree  of  the  experiments  there  was  a  brisk  side  wind.  Tlie  speed,  too,  at 
which  the  trains  were  running  when  the  steam  was  shut  off  would,  in  rela- 
tinn  to  the  weights  of  tlie  carriages,  as  well  as  to  the  direction  of  the  wind, 
enter  into  the  causes  of  these  diversities  of  speed.  We  shall,  however,  not 
hazard  a  single  opinion  on  these  matters,  but  confine  ourselves  to  demon- 
strations that  the  "formula"  of  high  resistances  at  high  velocities  is  worth- 
less in  respect  of  the  resistance  sdue  to  broad-gauge  trains  descending  inclined 
planes  by  their  own  gravity. 

In  the  experiments  made  down  the  Wootton  Bassett  incline  with  the 
dynamometer  carriage,  constructed  under  the  directions  of  Mr.  Brunei,  the 
carriages  were  weighed  to  10  tons  each.  In  no  one  of  the  experiments  given 
below,  which  were  made  with  the  ordinary  passenger  trains,  did  any  of  the 
carriages  amount  to  this  weight — that  is,  they  were  not  full  of  passengers. 
The  engines  employed  belong  to  an  old  class,  and  weigh,  road-worthy,  about 
23  or  24  tons. 

It  has  been  objected  against  the  experiments  made  down  the  Wootton 
Baisett  incline  with  the  dynamometer  carriage,  that  the  distance  over  which  a 
uniform  or  increasing  velocity  was  attained,  viz.,  10  or  ll-16ths  of  a  mile,  is 
too  short  to  produce  a  useful  practical  result.  To  meet  this  objection  we 
took  the  rates  of  speed  not  only  down  the  mile  and  one-eighth  of  the  fall  of 
1  in  100,  but  down  the  next  seven-eighths*  of  a  mile,  which  are  on  a  fall  of 
1  in  C60  only.  The  fall  of  1  in  100  commences  a  few  chains  beyond  the 
85th  mile-post,  and  terminates  a  few  furlongsf  beyond  the  86|th  mile-post. 
Thence  to  the  86f  th  mile-post,  the  fall  is  1  in  660. 

The  first  experiment  was  made  with  a  train  consisting  of  four  passenger- 
carriages,  three  horse-boxes,  and  one  luggage  van,  weighing  about  60  tons. 
The  engine  was  the  "  Orion."  The  table  gives  the  working  for  the  quarter 
mile  immediately  preceding  the  85th  mile-post,  as  well  as  from  the  85th  to 
the  SGJth  mile-post.     The  rails  were  dry,  and  very  little  wind  was  stirring. 

It  will  be  seen  that  the  speed  for  upwards  of  half-a-mile  down  1  in  660  is 
very  little  below  the  uniform  velocity  down  nearly  three-quarters  of  a  mile 
of  1  in  100.  We  merely  record  the  fact,  leaving  those  who  have  more  time 
at  their  command  than  we  have  ourselves  to  explain  or  suggest  the  causes. 

The  second  trip  was  with  a  train  of  four  passenger-carriages  and  a  horse- 
box, weighing  about  41  or  42  tons,  and  was  attached  to  the  "  Mars"  engine 
— rails  dry  and  weather  calm. 

The //i/rd  trip  was  with  the  same  engine,  with  three  passenger-carriages, 
one  luggage-van,  and  two  horse-boxes,  weighing  about  45  or  46  tons. 

The  fourth  experiment  was  made  with  the  "  Firebrand"  engine.  The 
train  consisted  of  three  passenger-carriages  and  a  luggage-van,  weighing 
about  36  tons.     The  carriages  were  well  filled  with  passengers. 

The//tt  experiment  was  with  the  "  Orion,"  with  four  passenger-carriages, 
three  horse-boxes,  and  a  luggage-van,  weighing  about  59  or  60  tons.  The 
steam  was  not  shut  off  in  this  case  until  the  engine-  was  within  a  few  chains 
of  the  85Jth  mile-post. 

The  sixth  experiment  was  with  the  "  Load  Star."  The  train  consisted  of 
four  passenger-carriages  and  a  luggage-van,  weighing  about  41  or  42  tons. 
A  brisk  side  wind  was  blowing.  It  will  be  observed  that  the  rates  of  speed 
alternate  over  the  whole  extent  of  the  2J  miles. 

The  seventh  trip  was  with  the  "  Arab,"  with  a  train  consisting  of  three 
passenger-carriages  and  a  luggage- van,  weight  about  38  or  40  tons — carriages 
well  filled.  In  this  trip  we  obtained  the  greatest  uniform  velocity — rails 
dry ;  weather  calm. 

The  eighth  experiment  was  with  the  "  Bellona,"  with  four  passenger- 
carriages  and  a  luggage-van,  weighing  about  41  or  42  tons. 

A  brisk  side  wind  prevailed  on  this  occasion,  and  the  same  result  was 
produced  as  in  the  previous  experiment,  where  a  side  wind  atfected  the 
train,  viz.,  alternating  rates  of  speed. 

The  nijith  experiment  was  with  tl  'irebrand,"  with  a  train  of  four 
carriages  and  a  luggage-van,  weighi  .,  ut  45  or  46  tons — rails  dry ;  slight 
side  wind. 


The  ("erart  experiment  was  upon  the  Bristol  and  Exeter  line  from  the  174lh 
to  the  176jth  mile-post.  This  portion  of  the  line  is  on  a  fall  of  45-75  feet 
per  mile,  or  about  1  in  120.  The  engine  employed  was  the  "Load  Star," 
and  the  train  consisted  of  four  passenger-carriages  and  a  luggage-van,  weight 
about  41  or  42  tons.  The  descent  was  commenced  at  a  speed  of  about  36 
miles  pel  hour — rails  dry,  and  slight  head  wind. 

In  this  experiment  the  velocity  down  an  incline,  less  by  20  feet  per  mile 
than  that  down  which  the  narrow-gauge  trains  have  never  yet  maintained  a 
uniform  velocity  of  more  than  36  miles  per  hour,  increased  from  36'3  to  42  4 
or  6'1  miles  per  hour.  And  yet  we  have  little  doubt  we  shall  still  find 
practical  men  contending  for  the  high  rates  of  resistances  which  some  of  the 
narrow-gauge  party  pertinaciously  assume  to  be  due  to  all  railway  trains 
travelling  at  high  velocities. 

The  eleventh  experiment  was  from  the  172J  to  the  170J — viz.,  two  miles. 
The  engine  employed  was  the  "  Sa'urn,"  and  the  train  consisted  of  five  pas- 
senger-carriages and  a  luggage-van,  weighing  about  56  or  57  tons.  For 
about  two-thirds  of  a  mile  the  fall  is  1  in  82  j  this  is  followed  by  a  fall  of 
about  6  chains  of  1  in  90,  and  another  fall  of  about  7  or  8  chains  of  1  in  82. 
The  rest  of  the  distance  is  on  a  fall  of  1  in  90.  The  average  velocity  of  the 
train  through  the  White  Ball  Tunnel,  40  chains  in  length,  and  which  imme- 
diately precedes  the  inclines  over  which  we  took  the  working  of  the  train, 
was  4'2-5  miles  per  hour.  It  will  be  seen  that  this  speed  was  increased  to 
50  miles  an  hour  at  the  HO-Jth  mile-post. 

The  twelfth  experiment  was  a  second  run  down  the  1  in  120,  between  the 
174th  to  the  176|^th  mile-post.  The  engine  employed  was  the  "  Firebrand," 
and  the  train  consisted  of  four  carriages  and  a  luggage-van,  weighing  about 
44  or  45  tons — rails  dry,  and  moderate  side  wind. 

The  thirteenth  and  last  experiment  was  with  the  "  Milo,"  and  a  train  of 
three  passenger-carriages  and  a  luggage-van.  Weight,  about  34  or  35  tons. 
A  brisk  side  wide  prevailed. 

In  this  experiment  the  steam  was  shut  off  at  the  1 72|  mile-post,  which  is 
in  the  White  Ball  Tunnel. 
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REVIEWS. 


Account  of  the  Skerryvore  Lighthouse,  with  notes  on  the  lUmnination 
of  Lighthouses.  By  Alan  Stevenson,  LL.B.,  F.R.S.E.,  M.I.C.E., 
Engineer  to  the  Northern  Lighthouse  Board.  Edinburgh  :  Adam 
and  Charles  Black,  1848. 

[second  notice.] 

AVhat  Mr.  Stevenson  calls  "  Notes  on  the  Illumination  of  Light- 
houses," may  more  rightly  be  called  another  work,  and  one  not  less 
important  nor  valuable  than  the  account  of  the  Skerryvore  Light- 
house. Indeed,  he  calls  the  former  Part  II.  He  begins  it  bv 
a  short  history  of  lighthouses,  in  which  he  shows  a  gi-eat  deal  of 
learning ;  and  as  by  the  former  part  every  one  will  see  that  he  is 
a  hard-working  man,  so  by  this  they  will  see  that  a  man  may  be 
able  to  understand  Homer  in  Greek,  and  yet  be  a  good  engineer. 
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We  think  both  of  those  are  wrong,  those  who  wish  to  make  the 
encjineer  a  man  of  book-learninf;:  only,  and  those  who  want  to 
make  him  a  boor  under  the  name  of  a  working-man.  Brvinel, 
Robert  Stephenson,  Locke,  the  Kennies,  Walker,  and  many  more, 
have  shown  tliat  to  be  a  great  engineer,  and  to  make  great  works, 
there  is  no  harm  in  a  man  being  well-taught.  We  would  always 
put  the  two  together  if  we  could, — we  would  have  the  man  of 
learning  and  the  working-man. 

Mr.  Stevenson's  wav  of  commenting  on  the  classics  is  rather  a 
new  one, — rather  unlike  the  Byzantine  school,  Scaliger,  and  the 
Revival  critics,  or  the  great  High  Dutch  lights  of  this  day.  Some 
of  these  who  went  before  j\Ir.  Stevenson  have  put  forth  the 
Iwild  thought,  that  the  Cyclops  were  the  keepers  of  lighthouses ; 
some  Ixdder  still,  tliat  bv  the  Cyclops  was  shadowed  forth  the 
lighthouse  itself.  Mr.  Stevenson's  answer  is,  that  in  the  ninth 
book  of  the  Odvssey,  and  at  the  U6th  line.  Homer  tells  us  that  in 
tlie  darkness  of  the  night,  the  fleet  of  Ulysses  went  ashore  on  the 
Cyclopean  island.  Mr.  Stevenson  looks  at  it  with  a  workman  s 
eye,  and  he  says  if  there  had  been  a  lighthouse,  the  ships  would 
not  have  struck  in  the  dark.  The  words  he  brings  forward  show 
tliat  it  was  pitch  dark,  and  give  no  hint  of  a  lighthouse ;  and 
therefore  we  think  Mr.  Stevenson  right,  in  the  teeth  of  the  com- 
mentators. He  has  not,  however,  taken  the  trouble  to  set  his  Greek 
into  English,  so  that  his  working  readers  may  understand  it. 

^\'llat  Mr.  Stevenson  says  of  the  lighthouses  of  our  days  is  the 
more  worthy  of  being  read,  as  he  has  seen  many  of  them  himself, 
and  looked  at  them  with  the  eye  of  a  master. 

Speaking  upon  lighting,  Mr.  Stevenson  says,  that  down  to  a  very 
late  time,  the  only  way  was  to  burn  wood  or  coal  in  chafing  dishes 
on  the  tops  of  high  towers  or  hills.  Many  now  living  know  that 
the  Isle  of  May  light  was  of  that*  kind,  before  it  came  under  the 
care  of  the  Board  of  Northern  Lights  in  1786.  For  forty  years 
after  the  time  of  Smeaton,  the  fine  tower  of  the  Eddystone  was 
lighted  only  with  tallow  candles.  These  lights  were  therefore 
very  weak,  and  there  were  no  means  of  knowing  one  light  from 
another,  so  that  the  seaman  might  shape  his  way.  Even  now,  it 
too  often  happens  that  seamen  mistake  lights,  and  by  going 
inside,  instead  of  outside  or  otherwise,  they  go  aground  and  are 
wrecked.  The  old  lighthouses  were  of  little  more  good  than  to 
give  warning  that  land  was  near ;  so  that  ships  might,  if  they 
could,  lie  by  or  put  out  to  sea  until  daylight, 
lilr  Stevenson  now  speaks  of  flame.  He  says: — 
"  Solid  substances  which  remain  so  throughout  their  combustion,  are  only 
luminous  at  their  own  surface,  and  exhibit  phenomena,  such  as  the  dull  red 
beat  of  iron,  or  of  most  kinds  of  pit-coal,  and  are  therefore  more  suited  for 
the  purpose  of  producing  heat  than  light.  But  by  using  substances  which 
are  formed  into  inflammable  vapours,  at  a  temperature  below  that  which  is 
required  for  the  ignition  of  the  substances  themselves,  gas  is  obtained  and 
Jlaine  is  produced.  Much  ligiit  is  thus  evolved  at  a  comparatively  low  tem- 
ncralure.  The  gas  necessarily  rises  above  the  combustible  substance  from 
wiiicli  It  is  evolved,  owing  to  its  being  formed  at  a  temperature  considerably 
liigher  than  that  of  the  surrounding  air,  than  which  it  is  necessarily  rarer. 
Of  this  description  arc  the  flames  obtained  by  the  burning  of  the  various  oils, 
which  are  generally  employed  in  the  illumination  of  lighthouses.  In  the 
combustion  of  oil,  wicks  of  some  fibrous  substance,  such  as  cotton,  are  used, 
into  which  the  oil  ascends  by  capillary  action,  and  being  supplied  in  very 
tliiu  films,  is  easily  volatilized  into  vapour  or  gas  by  the  heat  of  the  burning 
wick.  The  gas  of  pit.coal  has  been  occasionally  used  in  lighthouses ;  it  is 
conveyed  in  tubes  to  the  burners,  in  the  same  manner  as  when  employed  for 
domestic  purposes.  There  are  certain  advantages,  more  especially  in  dioptric 
lights,  where  there  is  only  one  large  central  flame,  which  would  render  the 
use  of  gas  desirable.  The  form  of  the  flame,  which  is  an  object  of  consider, 
able  importance,  would  thus  be  rendered  less  variable,  and  could  be  more 
easily  regulated,  and  the  inconvenience  of  the  clock-work  of  the  lamp  would 
be  whollv  avoided.  But  it  is  obvious,  that  gas  it  by  no  means  suitable  tor 
the  majority  of  lighthouses,  their  distant  situation  and  generally  difficult 
access  rendering  the  transport  of  large  quantities  of  coal  expensive  and  uncer- 
tain  ;  whilst  in  many  of  them  there  is  no  means  of  erecting  the  apparatus  ne- 
cessary for  manufacturing  gas.  There  are  other  considerations  which  must 
induce  us  to  pause  before  adopting  gas  as  the  fuel  of  lighthouses ;  for, 
however  much  the  risk  of  accident  may  be  diminished  in  the  present  day,  it 
still  forms  a  question,  which  ought  not  to  be  hastily  decided,  how  far  we 
should  be  justified  in  running  even  the  most  remote  risk  of  explosion  in 
establishments  such  as  lighthouses,  whose  sudden  failure  might  involve  con- 
sequences of  the  most  fatal  description,  and  whose  situation  is  often  such, 
that  their  re-establishment  must  be  a  work  of  great  expense  and  time.  Gas 
is,  besides,  far  from  being  suitable  in  catoptric  lights,  to  which,  in  many 
cases  (especially  when  the  frame  is  moveable,  as  in  revolving  lights),  it  could 
not  be  easily  applied.  The  oil  most  generally  employed  in  the  lighthouses 
of  England  is  the  sperm  oil  of  commerce,  which  is  obtained  from  the  South 
Sea  whale  {P/it/seter  macrocephalvj).  In  France,  the  colza  oil,  which  is 
expressed  from  the  seed  of  a  species  of  wild  cabbage  (Brasjtca  oleracea  colza), 


and  the  olive  oil  are  chiefly  nsed  ;  and  a  species  of  the  former  has  lately  been 
successfully  introduced  into  the  lighthouses  of  Great  Britain." 

Sperm  oil  is  that  which  has  been  hitherto  most  burned ;  but 
colza  oil  will,  it  is  thought,  be  found  much  better,  and  that  a 
saving  of  one-half  can  be  made.  It  was  Mr.  Joseph  Hume,  when 
chairman  of  a  committee  of  the  House  of  Commons  on  Light- 
houses, who  showed  that  colza  oil  was  cheaper.  Since  then,  Mr. 
Stevenson  has  tried  it,  and  has  told  the  Northern  Lighthouse 
Board  that  it  will  give  a  saving  of  £3,266  yearly  ;  but  since  that, 
colza  oil  is  worth  more,  and  Mr.  Stevenson  is  not  so  strong  in  his 
feeling  about  it. 

Of  the  Drummond  and  Voltaic  lights,  the  writer  says : — 

"  The  application  of  the  Drummond  and  Voltaic  lights  to  lighthouse  pur. 
poses  is,  owing  to  their  prodigious  intensity,  a  very  desirable  consummation  ; 
but  it  is  surrounded  hy  so  many  practical  difScuIties  that,  in  the  present 
state  of  our  knowledge,  it  may  safely  be  pronounced  unattainable.  The 
uncertainty  which  attends  the  exhibition  of  both  these  lights,  is  of  itself  a 
sufficient  reason  for  coming  to  tliis  conclusion.  But  other  reasons  unhappily 
are  not  wanting.  The  smallness  of  the  flame  renders  them  wholly  inappli- 
cable to  dioptric  instruments  which  require  a  great  body  of  flame  in  order  to 
produce  a  degree  of  divergence  sufficient  to  render  the  duration  of  the  flash 
in  revolving  lights  long  enough  to  answer  the  purpose  of  the  mariner.  M. 
Fresnel  made  some  experiments  on  the  application  of  the  Drummond  light  to 
dioptric  instruments,  which  completely  demonstrate  their  unfitness  for  this 
combination.  He  found  that  the  light  obtained  by  placing  it  in  the  focus  of 
a  great  annular  lens  was  much  more  intense  than  that  produced  by  the  great 
lamp  and  lens;  but  the  divergence  did  not  exceed  30';  so  that,  in  a  revolu- 
tion like  that  of  the  Corduan  light,  the  flashes  would  last  only  1^  second, 
and  would  not,  therefore,  be  seen  in  such  a  manner  as  to  suit  the  practical 
purposes  of  a  revolving  light.  The  great  cylindric  refractor  used  in  fixed 
lights  of  the  first  order,  was  also  tried  with  the  Drummond  light  in  its  focus; 
but  it  gave  coloured  spectra  at  the  top  and  bottom,  and  only  a  small  bar  of 
white  light  was  transmitted  from  the  centre  of  the  instrument.  The  same 
deficiency  of  divergence  completely  unfits  the  combination  of  the  Drummond 
Ught  with  the  reflector  for  the  purposes  of  a  fixed  light,  and  even  if  this 
cause  did  not  operate  against  its  application  in  revolving  lights  on  the 
catoptric  plan,  the  supply  of  the  gases,  which  is  attended  with  almost  insur- 
mountable difficulties,  would,  in  any  case,  render  the  maintenance  of  the 
light  precarious  and  uncertain  in  the  last  degree. 

The  Drummond  light  is  produced  by  the  ignition  or  combustion  of  a  ball 
of  lime  (|-  inch  diameter)  in  the  united  flames  of  hydrogen  and  oxygen  gases, 
and  is  equal  to  about  '261  flames  of  an  ordinary  Argand  lamp  witb  the  best 
spermaceti  oil.  It  deiives  its  name  from  the  late  Lieut.  Drummond,  R.  E., 
who  first  applied  it  in  the  focus  of  a  paraboloid  for  geodetical  purposes,  and 
afterwards  proposed  it  for  hghthouses.  (See  his  account  of  the  light  in 
the  Phil.  Trans,  for  1826,  p.  324,  and  for  1830,  p.  383.)  The  Voltaic  light 
is  obtained  by  passing  a  stream  of  Voltaic  electricity  from  a  powerful  battery 
between  two  charcoal  points,  the  distance  between  which  requires  great 
nicety  of  adjustment,  and  is  the  chief  circumstance  which  influence  the 
stability  and  the  permanency  of  the  light.  The  Voltaic  light  greatly  exceeds 
the  Drummond  light  in  intensity,  as  ascertained  by  actual  comparison  of 
their  effects ;  but  the  ratio  of  their  power  has  not  been  accurately  determined. 
It  was  first  exhibited  in  the  focus  of  a  reflector  by  Mr.  James  Gardner, 
formerly  engaged  in  the  Ordnance  Survey  of  Great  Britain." 

After  speaking  of  what  Argand  did,  and  of  the  burner  he  mad«, 
which  was  such  a  great  step,  Mr.  Stevenson  comes  to  the  reflector : 

"  The  name  of  the  inventor  of  parabolo'idal  mirrors  and  the  date  of  their 
first  application  to  lighthouses,  have  not  been  accurately  ascertained.  The 
earliest  notice  which  I  have  been  able  to  find,  is  that  by  Mr.  William 
Hutchinson,  the  pious  and  intelligent  author  of  a  quarto  volume  on  '  Practi- 
cal Seamanship'  (published  at  Liverpool  in  1791),  who  notices  (at  p.  93) 
the  erection  of  the  four  lights  at  Bidstone  and  lloylake,  in  the  year  1763, 
and  describes  large  parabolic  moulds,  fashioned  of  wood  and  lined  with 
mirror-glass,  and  smaller  ones  of  polished  tin-plate,  as  in  use  in  those  light- 
houses. Mr.  Hutchinson  seems  to  have  understood  the  nature,  properties, 
and  defects  of  the  instruments  which  he  describes,  and  has  shown  a  good 
acquaintance  with  many  of  the  most  important  circumstances  to  be  attended 
to  in  the  illumination  of  lighthouses.  Many  claims  to  inventions  rest  on 
more  slender  grounds  than  might  be  found  in  Mr.  Hutchinson's  book  for 
concluding  him  to  have  first  invented  the  paraboloidal  mirror  and  applied  It 
to  use  in  a  lighthouse ;  but,  in  the  absence  of  any  statement  as  to  the  date 
when  the  mirrors  were  really  adopted,  the  merit  of  the  improvement  must, 
in  justice,  be  awarded  to  others. 

M.  Teulere,  a  member  of  the  Royal  Corps  of  Engineers  of  Bridges  and 
Roads  in  France,  is,  by  some,  considered  the  first  who  hinted  at  the  advan- 
tages  of  paraboloidal  reflectors ;  and  he  is  said,  in  a  memoir  dated  the  26th 
June  1783,  to  have  proposed  their  combination  with  Argand  lamps,  ranged 
on  a  revolving  frame,  for  the  Corduan  lighthouse.  Whatever  foundation 
there  may  be  for  the  claim  of  M.  Teulere,  certain  it  is  that  this  plan  was 
actually  carried  into  effect  at  Corduan,  under  the  directions  of  the  Chevalier 
Bnrda ;  and  to  him  is  generally  awarded  the  merit  of  having  conceived  the 
idea  of  applying  paraboloidal  mirrors  to  lighthouses.  These  were  most 
important  steps  in  the  improvement  of  lighthouses,  as  not  only  the  power  of 
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the  lights  was  thus  greatly  increased,  hut  the  introduction  of  a  revolving 
frame  proved  a  valuable  source  of  differences  in  the  appearance  of  hghts, 
and,  in  this  way,  has  since  been  the  means  of  greatly  extending  their  utility. 
The  exact  date  of  the  change  on  the  light  of  the  Corduan  is  not  known  ;  but 
as  it  vras  made  by  Lenoir,  the  same  young  artist  to  whom  Borda,  about  the 
year  1780,  entrusted  the  construction  of  his  reflecting  circle,  it  has  been 
conjectured  by  some  that  the  improvement  of  the  light  was  made  about  the 
same  time.  The  reflectors  were  formed  of  sheet-copper,  plated  with  silver, 
and  had  a  double  ordinate  of  31  French  inches.  It  was  not  long  before 
these  improvements  were  adopted  in  England,  by  the  Trinity  House  of 
London,  who  sent  a  deputation  to  France  to  inquire  into  tlieir  nature.  In 
Scotland,  one  of  the  first  acts  of  the  Northern  Lights  Board  in  1786,  was  to 
substitute  reflectors  in  the  room  of  the  coal-light  then  in  use  at  the  Isle  of 
May  in  the  Frith  of  Forth,  which,  along  with  the  light  on  the  Cambrae  Isle 
in  the  Frith  of  Clyde,  had,  till  that  period,  been  the  only  beacons  on  the 
Scotch  coast.  The  first  reflectors  employed  in  Scotland  were  formed  of 
facet!  of  mirror-glass,  placed  in  hollow  paraholoidal  moulds  of  plaster, 
according  to  the  designs  of  the  late  Mr.  Thomas  Smith,  the  Engineer  of  the 
Board,  who  (as  appears  from  the  article  Reflector,  in  the  Supplement  to  the 
third  edition  of  the  '  Enclyclopzedia  Britannica')  was  not  aware  of  what  had 
been  done  in  France,  and  had  himself  conceived  the  idea  of  this  combination. 
The  same  system  was  also  adopted  in  Ireland  ;  and  in  time,  variously  modi- 
fied, it  became  general  wherever  lighthouses  are  known," 

The  reflectors  used  in  the  best  lighthouses  are  made,  says  the 
writer, 

"  Of  iheet-coppcr  plated  in  the  proportion  of  six  ounces  of  silver  to 
sixteen  ounces  of  copper.  They  are  moulded  to  the  paraholoidal  form,  by  a 
delicate  and  laborious  process  of  beating  with  mallets  and  hammers  of  various 
forms  and  materials,  and  are  frequently  tested  during  the  operation  by  the 
application  of  a  mould  carefully  formed.  After  being  brought  to  the  curve, 
they  are  stiffened  round  the  edge  by  means  of  a  strong  hizzle,  and  a  strap  of 
brass  which  is  attached  to  it  for  the  purpose  of  preventing  an  accidental 
alteration  of  the  figure  of  the  reflector.  Polishing  powders  are  then  applied, 
and  the  instrument  receives  its  last  finish." 

"  The  flame  generally  used  in  reflectors,  is  from  an  Argand  fountain. lamp, 
■whose  wick  is  an  inch  in  diameter.  Much  care  is  bestowed  upon  the  manu- 
facture of  the  lamps  for  the  Northern  lighthouses,  which  sometimes  have 
their  burners  tipped  with  silver  to  prevent  wasting  by  the  great  heat  which 
ia  evolved.  The  burners  are  also  fitted  with  a  sliding  apparatus,  accurately 
formed,  by  which  they  may  be  removed  from  the  interior  of  the  mirror  at 
the  time  of  cleaning  them,  and  returned  exactly  to  the  same  place,  and 
]  ocked  by  means  of  a  key.    Tbia  arrangement,  as  shown  in  figs.  1  and  2, 
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is  very  important,  as  it  insures  the  bnrner  always  being  in  the  focns,  and 
does  not  require  that  the  reflector  be  lifted  out  of  its  place  every  time  it  is 
cleaned  ;  so  that,  when  once  carefully  set  and  screwed  down  to  the  frame,  it 
is  never  altered." 

It  will  please  our  readers  very  much  to  find  in  Mr.  Stevenson's 
book,  the  many  clever  tools  which  are  used,  and  care  which  is 
taken  to  make  the  lamps  and  lights  as  good  as  may  be.  He  has 
written  a  good  deal  about  feeding  the  lamps  with  oil,  and  indeed 
everywhere  he  has  sliown  that  he  is  master  of  his  work,  even  in 
the  smallest  things.  It  was  said  of  the  Duke  of  Wellington,  that 
even  to  the  horses'  shoes  he  knew  everything  in  his  army,  and  that 
he  thought  nothing  beneath  him  which  had  to  do  with  the  welfare 
of  his  men  :  and  so  should  it  be  with  the  engineer ;  and  this  is  the 
way  in  which  he  can  truly  become  a  working-man.  Mr.  Stevenson 
may  not  perhaps  have  put  on  a  fustian  coat,  nor  spent  his  time  in 


filing,  rasping,  and  fitting;  but  an  engineer  may  be  a  working-man 
without  that. 

Lights  are  found  by  seamen  so  useful,  that  they  are  always 
calling  out  for  more  ;  but  when  put  up,  it  becomes  very  trouble- 
some to  know  one  from  another.  A  light  ought  to  make' known  to 
the  benighted  mariner  the  land  he  has  made,  as  the  sight  of  a  hill 
or  tower  would  have  shown  him  in  the  day  ;  therefore,  it  becomes 
needful  that  each  should  be  readily  known,  so  as  not  to  be 
mistaken. 

"  Catoptric  lights  are  susceptible  of  nine  separate  distinctions,  which  are 
called /xerf,  revolving  white,  revolving  red  and  ichife,  revolving  red  wil/t  two 
whiles,  revolving  white  with  two  reds,  flashing,  intermittent,  donble  fired 
lights,  and  double  revolving  white  lights.  The  first  exhibits  a  steady  and 
uniform  appearance,  which  is  not  subject  to  any  change  ;  and  the  reflectors 
used  for  it  (as  already  noticed)  are  of  smaller  dimensions  than  those  emploved 
in  revolving  lights.  This  is  necessary  in  order  to  permit  them  to  be  ranged 
round  the  circular  frame,  with  their  axes  inclined  at  such  an  angle,  as  shall 
enable  them  to  illuminate  every  point  of  the  horizon.  The  revolving  light 
is  produced  by  the  revolution  of  a  frame  with  three  or  four  sides,  having 
reflectors  of  a  larger  size  grouped  on  each  side,  with  their  axes  parallel ; 
and  as  the  revolution  exhibits  once  in  two  minutes,  or  once  in  a  minute,  as 
may  be  required,  a  light  gradually  increasing  to  full  strength,  and  in  the 
same  gradual  manner  decreasing  to  total  darkness,  its  appearance  is  extremely 
well  marked.  The  succession  of  red  and  white  lights  is  caused  by  the  revo- 
lution  of  a  frame  whose  difl'erent  sides  present  red  and  white  lights ;  and 
these,  as  already  mentioned,  afford  three  separate  distinctions,  namely,  alter- 
nate red  and  white  ;  the  succession  of  two  white  lights  after  one  red,  and 
the  succession  of  two  red  lights  after  one  white  light.  The  flashing  light  is 
produced  in  the  same  manner  as  the  revolving  light ;  but  owing  to  a  dirterent 
construction  of  the  frame,  the  reflectors  on  each  of  eight  sides  are  arranged 
with  their  rims  or  faces  in  one  vertical  plane,  and  their  axes  in  a  line  inclined 
to  the  perpendicular,  a  disposition  of  the  mirrors  which,  together  with  the 
greater  quickness  of  the  revolution,  which  shows  a  flash  once  in  five  seconds 
of  time,  produces  a  very  striking  eflfect,  totally  diflferent  from  that  of  a 
revolving  light,  and  presenting  the  appearance  of  the  flash  alternately  rising 
and  sinking.  The  brightest  and  darkest  periods  being  but  momentary,  this 
light  is  farther  characterised  by  a  rapid  succession  of  bright  flashes,  from 
which  it  gets  its  name.  The  intermittent  light  is  distinguished  by  bursting 
suddenly  into  view  and  continuing  steady  for  a  short  time,  after  which  it  is 
suddenly  eclipsed  for  half  a  minute.  Its  striking  appearance  is  produced  by 
the  perpendicular  motion  of  circular  shades  in  front  of  the  reflectors,  by 
which  the  light  is  alternately  hid  and  displayed.  This  distinction,  as  well 
as  that  called  the  flashing  tight,  is  peculiar  to  the  Scotch  coast,  having  been 
first  introduced  by  the  late  Engineer  of  the  Northern  Lights  Board.  The 
double  liKhts  (which  are  seldom  used  except  where  there  is  a  necessity  for  a 
leading  line,  as  a  guide  for  taking  some  channel  or  avoiding  some  danger) 
are  generally  exhibited  from  two  toners,  one  of  which  is  higher  than  the 
other.  At  the  Calf  of  Man,  a  striking  variety  has  been  introduced  into  tb« 
character  of  leading  lights,  by  substituting,  for  two  fixed  lights,  two  lights 
which  revolve  in  the  same  periods,  and  exhibit  their  flashes  at  the  same 
instant ;  and  these  lights  are,  of  course,  susceptible  of  the  other  variety 
enumerated  above,  that  of  two  revolving  red  and  white  lights,  or  flashing 
lights,  coming  into  view  at  equal  intervals  of  time.  The  utility  of  all  these 
distinctions  is  to  be  valued  with  reference  to  their  property  of  at  once 
striking  the  eye  of  an  observer,  and  being  instantaneously  obvious  to 
strangers." 

Although  colour  is  needful,  it  is  in  itself  a  very  great  evil,  for 
the  coloured  screens  stop  much  of  the  light.  Several  colours  have 
been  tried,  but  red,  blue,  and  green  have  alone  been  found  useful ; 
and  the  two  latter  only  at  such  short  lengths,  that  they  are  alto- 
gether unfit  for  sea-lights.  Even  the  red  lights  take  up  from  four- 
sevenths  to  five-sixths  of  the  whole  light,  wliicli  is  a  very  great 
loss ;  and  the  deeper  the  red,  the  greater  the  loss  of  light, — while 
the  less  red  there  is,  the  less  can  it  be  seen  by  the  seaman.  Red 
lights  ought,  therefore,  to  be  used  as  little  as  may  be.  In  Scotland, 
instead  of  a  red  screen  or  disc,  a  chimney  of  red  glass  is  used. 

We  now  come  to  the  use  of  lenses,  upon  which  the  writer  says : — 

"  One  of  the  earliest  notices  of  the  application  of  lenses  to  lighthouses  is 
that  recorded  by  Smeaton  in  his  '  Narrative  of  the  Eddystone  Lighthouse,' 
where  he  mentions  a  London  optician,  who,  in  1759,  proposed  grinding  the 
glass  of  the  lantern  to  a  radius  of  seven  feet  six  inches  ;  but  the  description 
is  too  vague  to  admit  of  even  a  conjecture  regarding  the  proposed  arrange- 
ment of  the  apparatus.  About  the  middle  of  the  last  century,  however, 
lenses  were  actually  tried  in  several  lighthouses  in  the  south  of  England,  and 
in  particular  at  the  South  Foreland  in  the  year  1752;  but  their  imperfect 
figure  and  the  quantity  of  light  absorbed  by  the  glass,  which  was  of  impure 
quality  and  of  considerable  thickness,  rendered  their  efl'ect  so  much  inferior 
to  that  of  the  parabolic  reflectors  then  in  use,  that  after  trying  some  strange 
combinations  of  lenses  and  reflectors,  the  former  were  finally  abandoned. 
Lenses  were  also  tried  at  the  lights  of  Portland,  Hill  of  Howth,  and  Water- 
ford,  by  Mr.  Thomas  Rogers,  a  glass  manufacturer  in  London  ;  who  possessed, 
it  is  said,  the  art  of  blowing  mirrors  of  glass, '  and  by  a  new  method  silvered 
over  the  convex  side  without  quicksilver.' 
"  The  merit  of  having  first  suggested  the  building  of  lenses  in  separate 
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pieces,  seems  to  be  due  to  Condnrcet,  who  in  his  FJoge  tie  Buffon,  puhlisheil 
so  far  back  as  1773,  enumerates  the  advantages  to  lie  derived  from  this 
method.  Sir  David  15renster  also  described  this  mode  of  building  lenses  in 
1811,  in  the  Kdinburgh  Encyclopcedia ;  and  in  1822,  the  late  eminent 
Fresnel,  unacquainted  with  the  suggestions  of  Condorcet  or  the  description 
by  Sir  David  Brewster,  explained,  with  many  ingenious  and  interesting 
details,  the  same  mode  of  constructing  those  instruments.  To  Fresnel 
belongs  the  additional  merit  of  having  first  followed  up  his  invention,  by  the 
onstruction  of  a  lens  and,  in  conjunction  with  MM.  Arago  and  Matbieu,  of 
placing  a  powerful  lamp  in  its  focus,  and  indeed  of  finally  applying  it  to  the 
jiractical  purposes  of  a  lighthouse." 

To  sliow  Fresiiel's  system  fully  would  take  more  room  than  we 
can  trive,  and  many  wood-cuts,  and  we  are  sorry  that  we  must  leave 
it  alone,  and  send  our  readers  to  Mr.  Stevenson's  book,  where 
everythinfi  is  s'^e"  i"  f"'!) — Fresnel's  brother  having  put  his 
papers  in  Mr.  Stevenson's  hands. 

( )ne  of  Mr.  Stevenson's  own  works  was  with  the  Isle  of  JMay 
liirht. 

'•  Having  been  directed  by  the  commissioners  of  the  Northern  lighthouses 
to  convert  the  fixed  catoptric  light  of  the  Isle  of  May,  into  a  dioptric  light 
of  the  first  order,  1  proposed  that  an  attempt  should  be  made  to  form  a  true 
cylindric,  instead  of  a  polygonal  belt  for  the  refracting  part  of  the  apparatus  ; 
and  this  task  was  successfully  completed  by  Messrs.  Cookson  of  Newcastle 
in  the  year  1836.  The  disadvantage  of  the  polygon  lies  in  the  excess  of  the 
radius  of  the  circumscribing  circle  over  that  of  the  inscribed  circle,  which 
occasions  an  unequal  distribution  of  light  between  its  angles  and  the  centre 
of  each  of  its  sides ;  and  this  fault  can  only  be  fully  remedied  by  constructing 
a  cylindric  belt  whose  generating  line  is  the  middle  mixtilinear  section  of  an 
annular  lens,  revolving  about  a  vertical  axis  passing  through  its  principal 
focus.  This  is,  in  fact,  the  only  form  which  can  possibly  produce  an  equal 
difl'usion  of  the  incident  light  over  eveiy  part  of  the  horizon. 

"  I  at  first  imagined  that  the  whole  hoop  of  refractors  might  be  built 
between  two  metallic  rings,  connecting  them  to  each  other  solely  by  the 
means  employed  in  cementing  the  pieces  of  the  annular  lenses ;  but  a  little 
consideration  convinced  me  that  this  construction  would  make  it  necessary 
to  build  the  zone  at  the  lighthouse  itself,  and  would  thus  greatly  increase 
the  risk  of  fracture.  I  was  therefore  reluctantly  induced  to  divide  the  whole 
cylinder  into  ten  arcs,  each  of  which  being  set  in  a  metallic  frame,  might  be 
capable  of  being  moved  separately.  The  chance  of  any  error  in  the  figure  of 
the  instrument  has  thus  a  probability  of  being  confined  within  narrower 
limits ;  whilst  the  rectification  of  any  defective  part  becomes  at  the  same 
time  more  easy.  One  other  variation  from  the  mode  of  construction  at  first 
contemplated  for  the  Isle  of  May  refractors,  was  forced  upon  me  by  the 
repeated  failures  which  occurred  in  attempting  to  form  the  middle  zone  in 
one  piece ;  and  it  was  at  length  found  necessary  to  divide  this  belt  by  a  line 
passing  through  the  horizontal  plane  of  the  focus.  Such  a  division  of  the 
central  zone,  however,  was  not  attended  with  any  appreciable  loss  of  light, 
as  the  entire  coincidence  of  the  junction  of  the  two  pieces  with  the  horizontal 
plane  of  the  focus,  confines  the  interception  of  the  light  to  the  fine  joint  at 
which  they  are  cemented.  With  the  exception  of  those  trifling  changes,  the 
idea  at  first  entertained  of  the  construction  of  the  instrument  was  fully 
realised  at  the  manufactory  of  Messrs.  Cookson." 

Speaking  of  Fresnel's  lamp,  used  in  tlie  French  lighthouses,  Mr. 
Stevenson  writes : — 

'■  The  only  risk  in  using  this  lamp  arises  from  the  liability  to  occasional 
deriingtments  of  its  leathern  valves  that  force  the  oil  by  means  of  clockwork  ; 
ami  several  of  the  lights  on  the  French  coast,  and  more  especially  the 
Corduan,  have  been  extinguished  bythe  failure  of  the  lamp  for  a  few  minutes, 
an  accident  which  has  never  happened,  and  scarcely  can  occur  with  the 
fountain  lamps  which  illuminate  the  reflectors.  To  prevent  the  occurrence 
of  such  accidents,  and  to  render  their  consequences  less  serious,  various  pre- 
cautions have  been  resorted  to.  Amongst  others,  an  alarum  is  attached  to 
the  lamp,  consisting  of  a  small  cup  pierced  in  the  bottom,  which  receives 
part  of  the  overflowing  oil  from  the  wicks,  and  is  capable,  when  full,  of 
balancing  a  weight  placed  at  the  opposite  end  of  a  lever.  The  moment  the 
machinery  stops,  the  cup  ceases  to  receive  the  supply  of  oil,  and,  the  remainder 
running  out  at  the  bottom,  the  equilibrium  of  the  lever  is  destroyed,  so  that 
it  falls  and  disengages  a  spring  which  rings  a  bell  sufliciently  loud  to  waken 
the  keeper  should  he  chance  to  be  asleep.  It  may  justly  be  questioned  whether 
this  alarum  would  not  prove  a  temptation  to  the  keepers  to  relax  in  their 
watchfulness  and  fall  asleep ;  and  I  have,  in  all  the  lamps  of  the  dioptric 
lights  on  the  Scotch  coast,  adopted  the  converse  mode  of  causing  the  bell  to 
cease  when  the  clockwork  stops.  There  is  another  precaution  of  more  im- 
portance, which  consists  of  having  always  at  hand  in  the  light-room  a  spare 
lamp,  trimmed  and  adjusted  to  the  height  for  the  focus,  which  may  be  sub- 
stituted for  the  other  in  case  of  accident." 

In  the  French  lights,  "these  distinctions  depend  upon  the  periods  of 
revolution,  rather  than  upon  the  characteristic  appearance  of  the  light ;  and 
therefore  seem  less  calculated  to  strike  the  eye  of  a  seaman,  than  those 
employed  on  the  coasts  of  Great  Britain  and  Ireland.  In  conformity 
with  this  system,  and  in  consideration  of  the  great  loss  of  light  which 
results  from  the  application  of  coloured  media,  all  distinctions  based  upon 
colour  have  been  discarded  in  Freuch  lights. 

"The  distinctions  are,  in  fact,  only  four  in  number,  viz.:  fixed  ;  fixed 
varied  by  flashes;  revolving,  with  flasbes  once  a  miaule  ;  and  revolving 


with  flashes  every  half  minute.  To  those  might  be  added,  revolving,  with 
bright  periods  once  in  two  minutes,  arul  perhaps  ftus/tin^  once  in  Jire 
seconds  (as  introduced  by  mi-  at  the  Liille  Koss,  but  1  cannot  say  with 
such  complete  success  as  would  induce  me  to  recommend  its  general  adop- 
tion). My  own  experience  would  also  lead  me  to  reject  the  distinction 
called  '  fixed,  varied  by  flashes,'  which  I  do  not  consider  as  possessing  a 
marked  or  eflicient  character." 

For  putting  lights  on  a  shore,  Mr.  Stevenson  lays  down  a  few 
laws  for  the  engineer,  which  will  be  found  very  useful  for  those  of 
our  readers  who  may  have  to  build  lighthouses  in  our  settlements 
abroad: — 

"  1.  The  most  prominent  points  of  a  line  of  (oast,  or  those  first  made  on 
oner-sea  voyages,  should  be  first  lighted  ;  and  the  most  powerful  lights 
should  be  adapted  to  ihem,  so  that  they  may  be  discovered  by  the  niunuer 
as  long  as  possible  before  his  reaching  land. 

2.  So  far  as  is  consistent  with  a  due  attention  to  distinction,  revolving 
lights  of  some  description,  which  are  necessarily  more  powerful  than  fixtd 
lights,  should  be  employed  at  the  outposts  on  a  line  of  coast. 

3.  Lights  of  precisely  identical  character  and  appearance  should  not,  if 
possible,  occur  within  a  less  distance  tliau  100  miles  of  each  other  on  the 
same  line  of  coast,  which  is  made  by  over-sea  vessels. 

4.  In  all  cases,  the  distinction  of  colour  should  never  be  adopted  except 
from  absolute  necessity. 

5.  Fixed  lights  and  others  of  less  power,  may  be  more  readily  adopted 
in  narrow  seas,  because  the  run^e  of  the  lights  in  such  situations  is  geue- 
lally  less  than  that  of  open  sea-lights. 

6.  In  narrow  seas  also,  the  distance  between  lights  of  the  same  appear- 
ance may  often  be  safely  reduced  within  much  lower  limits  than  is  de- 
sirable for  the  greater  sea-light;  and  there  are  many  instances  iu  which 
the  distance  separating  lights  of  the  same  character  need  not  exceed  50 
miles,  and  there  are  peculiar  cases  in  which  even  a  much  less  separation 
between  similar  lights  may  be  suflicieut. 

7.  Lights  intended  to  guard  vessels  from  reefs,  shoals,  or  other  dangers, 
should  in  every  case  be  placed,  where  practicable,  to  the  seaward  of  the 
danger  iiself,  as  it  is  desirable  that  seamen  be  enabled  to  make  the  lights 
with  confidence. 

8.  Views  of  economy  in  the  first  cost  of  a  lighthouse  should  never  be 
permitted  to  interfere  with  placing  it  in  the  best  possible  position  ;  and, 
when  funds  are  deficient,  it  will  generally  be  found  that  the  wisest  course 
is  to  delay  the  work  until  a  sura  shall  have  been  obtained  suflicieut  for  the 
erection  of  the  lighthouse  on  the  best  site. 

9.  The  elevation  of  the  lantern  above  the  sea  should  not,  if  possible,  for 
sea-lights,  exceed  200  feet;  and  about  150  feet  is  suflicieut,  under  almost 
any  circumstances,  to  give  the  range  which  is  required.  Lights  placed 
on  high  headlands  are  subject  frequently  to  be  wrapped  in  fug,  and  are 
often  thereby  rendered  useless,  at  times  when  lights  on  a  lower  level  might 
be  perfectly  eflicient.  But  this  rule  must  not,  and  indeed  cannot,  be 
strictly  followed,  especially  on  the  British  coast,  where  there  are  so  many 
projecting  clifl's,  which,  while  they  siabject  the  lights  placed  on  them  to 
occasional  obstruction  tiy  fog,  would  also  entirely  and  permanently  hide 
from  view  lights  placed  on  the  lower  laud  adjoining  them.  In  such  cases, 
all  that  can  be  done  is  carefully  to  weigh  all  the  circumstances  of  the  lo- 
cality, and  choose  that  site  for  the  lighthouse  which  seems  to  atford  the 
greatest  balance  of  advantage  to  navigation.  As  might  be  expected,  in 
questions  of  this  kind,  the  opinions  of  the  most  experienced  persons  are 
often  very  conflicting,  according  to  the  value  which  is  set  on  the  various 
elements  which  enter  into  the  inquiry. 

10.  The  best  position  for  a  sealight  ought  rarely  to  be  neglected  for  the 
sake  of  some  neighbouring  port,  however  important  or  influential ;  and  the 
interests  of  navigation,  as  well  as  the  true  welfare  of  the  port  itself,  will 
generally  be  much  better  served  by  placing  the  sea-light  witere  it  ought  to  be, 
and  adding,  on  a  smaller  scale,  such  subsidiary  lights  as  the  channel 
leading  to  the  entrance  of  the  port  may  require. 

11.  It  may  be  held  as  a  general  maxim,  that  the  fewer  lights  that  can 
be  employed  in  the  illumination  of  a  coast  the  better,  not  only  on  the  score 
of  economy,  but  also  of  real  efficiency.  Every  light  needlessly  erected 
may,  in  certain  circumstances,  become  a  source  of  confusion  to  the 
mariner,  and,  in  the  event  of  another  light  being  required  in  the  neigh- 
bourhood, it  becomes  a  deduction  from  the  means  of  distinguishing  it  from 
the  lights  which  existed  previous  to  its  establishment.  IJy  the  needless 
erection  of  a  new  lighthouse,  therefore,  we  not  only  expend  public  treasure, 
but  waste  the  means  of  distinction  among  the  neighbouring  lights. 

12.  Distinctions  of  lights,  founded  upon  the  minute  estimation  of  inter- 
vals of  time  between  flashes,  and  especially  on  the  measurement  of  the 
duration  of  light  and  dark  periods,  are  less  satisfactory  to  the  great  ma- 
jority of  coasting  seamen,  and  are  more  liable  to  derangement  by  atmo- 
spheric changes,  than  those  distinctions  which  are  founded  on  what  may 
more  properly  be  called  the  characteristic  appearance  of  the  lights,  in 
which  the  times  for  the  recurrence  of  certain  appearances  diller  so  widely 
from  each  other  as  not  to  require  for  their  detection  any  very  minute  ob- 
servation in  a  stormy  night.  Thus,  for  example,  flashing  lights  of  five 
seconds  interval,  and  revolving  lights  of  half  a  minute,  one  minute,  and 
two  minutes,  are  much  more  characteristic  than  those  which  are  distin- 
guished from  each  other  by  intervals  varying  according  to  a  slower  series 
of  5",  10",  20",  40",  &c. 

13.  Harbour  and  local  lights,  which  have  a  circumscribed  range,  should 
generally  be  fixed  instead  of  revolving;    and  may  often,  for  the  same 
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reason,  be  safely  distinguished  by  culonred  media.  In  many  cases  also, 
where  the  purpose  of  guiding  into  a  narrow  channel  is  to  be  gained,  the 
leading  lights  which  are  used,  should,  at  the  same  time,  be  so  arranged  as 
to  serve  for  a  distinction  from  any  neighbouring  lights. 

14.  Floating  lights,  which  are  very  expensive  and  more  or  less  nncer- 
fain  from  their  liability  to  drift  from  their  mooring,  as  well  as  defective  in 
power,  should  never  be  employed  to  indicate  a  turning  point  in  a  naviga- 
tion in  any  situatioD  where  the  conjunction  of  lights  ou  the  shore  can  be 
applied  at  any  reasonable  expense." 

The  building-  of  the  lantern  is  a  work  of  great  care,  and  in 
which  our  writer  has  very  cleverly  made  an  improvement : — 

"A  considerable  practical  defect  in  all  the  lighthouse  lanterns  which  I 
have  ever  seen,  with  the  exception  of  those  recently  constructed  for  the 
Scotch  lighthouses,  consists  in  the  vertical  direction  of  the  astragals, 
which,  of  course,  tend  to  intercept  the  whole  or  a  great  part  of  the  light  in 
the  azimuth  which  they  subtend.  The  consideration  of  the  improvement 
which  I  had  etfected  in  giving  a  diagonal  direction  to  the  joints  of  the 
fixed  refractors,  first  led  me  to  adopt  a  diagonal  arrangement  of  the  frame- 
work which  carries  the  cupola  of  zones,  and  afterwards  for  the  astragals 
of  the  lantern.  Not  only  is  this  direction  of  the  astragals  more  advan- 
tageous for  equalising  the  effect  of  the  light ;  but  the  greater  stiffness  and 
strength  which  this  arrangement  gives  to  the  frame-work  of  the  lantern 
make  it  safe  to  use  more  slender  bars,  and  thus  also  absolutely  less  light  is 
intercepted.  The  panes  of  glass  at  the  same  time  become  triangular,  and 
are  necessarily  stronger  than  rectangular  panes  of  equal  surface.  This 
form  of  lantern  is  extremely  light  and  elegant.  To  avoid  the  uece-sity  of 
painting,  which,  in  situations  so  exposed  as  those  which  lighthouses  gene- 
rally occupy,  is  attended  with  many  inconveniences  and  no  small  risk,  the 
framework  of  the  lantern  is  now  formed  of  gun-metal  and  the  dome  is  of 
copper ;  so  that  a  first-order  lantern  of  12  feet  diameter  and  10  feet  height 
of  glass  costs,  when  glazed,  about  £1260.  In  order  to  give  the  light- 
keepers  free  access  to  cleanse  and  wash  the  upper  panes  of  the  lantern  (an 
operation  which  in  snowy  weather  must  sometimes  be  frequently  repeated 
during  the  night),  a  narrow  gangway,  on  which  they  may  safely  stand,  is 
placed  on  the  level  of  the  top  of  the  lower  panes,  and  at  the  top  of  the 
second  panes,  rings  are  provided  of  which  the  lightkeepers  may  lay  hold 
for  security  in  stormy  weather.  A  light  trap-ladder  is  also  attached  to 
the  outside  of  the  lantern,  by  means  of  which  there  is  an  easy  access  to  the 
ventilator  on  the  dome. 

Great  care  is  bestowed  on  the  glazing  of  the  lantern,  in  order  that  it  may 
be  quite  impervious  to  water,  even  during  the  heaviest  gales.  When  iron 
is  used  for  the  frames,  they  are  carefully  and  frequently  painted  ;  but  gun- 
metal,  as  just  noticed,  is  now  generally  used  in  the  Scotch  lighthouses. 
There  is  great  risk  of  the  glass  plates  being  broken  by  the  shaking  of  the 
lantern  during  high  winds;  and  as  much  as  possible  to  prevent  this, 
various  precautions  are  adopted.  The  arris  of  each  plate  is  always  care- 
fully rounded  by  grinding;  and  grooves  about  half  an  inch  wide,  capable 
of  holding  a  good  thickness  of  putty,  are  provided  in  the  astragals  for  re- 
ceiving the  glass,  which  is  a  quarter  of  an  inch  thick.  Small  pieces  of  lead 
or  wood  are  inserted  between  the  frames  and  the  plates  of  glass  against 
which  they  may  press,  and  by  which  they  are  completely  separated  from 
the  more  unyielding  material  of  which  the  lantern-frames  are  composed. 
Panes  glazed  in  frames  padded  with  cushions,  and  capable  of  being  tem- 
porarily fixed  in  a  few  minutes,  in  the  room  of  a  broken  plate,  are  kept 
ready  for  use  in  the  store-room.  Those  framed  plates  are  called  storm- 
panes,  and  have  been  found  very  useful  on  several  occasions,  when  the 
glass  has  been  shattered  by  large  sea-birds  coming  against  it  in  a  stormy 
night,  or  by  small  stones  violently  driven  against  the  lantern  by  the  force 
of  the  wind. 

The  ventilation  of  the  lanterns  forms  a  most  important  element  in  the 
preservation  of  a  good  and  efficient  light.  An  ill-ventilated  lantern  has  its 
sides  continually  covered  with  water  of  condensation,  which  is  produced 
by  the  contact  of  the  ascending  current  of  heated  air ;  and  the  glass  thus 
obstructs  the  passage  of  the  rays,  and  diminishes  the  power  of  the  light." 

We  must  now  shut  up  Mr.  Stevenson's  book,  though  we  could 
very  well  take  more  from  it,  for  it  is  full  of  new  and  useful 
matter.  We  cannot,  however,  do  so  without  giving  our  thanks  to 
the  Board  of  Northern  Lights  for  publishing  this  book,  as  they 
before  did  the  elder  Stevenson's  book  on  the  BeU-rock  lighthouse. 
In  our  last  number  we  called  strongly  on  the  engineers  to  write  books 
on  their  works ;  but,  perhaps,  we  should  have  done  better  if  we 
had  called  on  the  railway  and  other  undertakings  to  find  the 
money  for  it,  as  the  Board  of  Northern  Lights  have  done.  There 
is  something  wrong  now,  and  we  cannot  help  thinking  that  the  en- 
gineers are  those  most  to  blame.  If  Mr.  Robert  Stephenson  would 
take  under  his  care  a  hook  on  the  London  and  Birmingham  Rail- 
way, we  do  believe  that  the  shareholders  would  not  grudge  the 
money,  as  each  of  them  could  have  a  book.  They  have  not  grudged 
money  for  Wolverton,  and  we  do  not  think  they  would  for  this,  if 
it  were  fairly  put  before  them  by  their  engineer.  The  share- 
holders would  never  miss  the  money,  while  they  would  do  a  great 
deal  of  good.  If  the  engineers  do  not  stir,  we  hope  the  share- 
holders will ;  and  that  we  shall  have  hooks  on  our  great  railway 
works,  which  may  keep  up  their  name  and  the  honour  of  England. 


MfithemaNcsfnr  Practical  Men,  being  a  common-place  book  of  Part 
and  Mixed  Mathematics,  designed  chiefly  for  the  use  of  Civil  Engineers, 
Architects,  and  Surveyors  ;  by  Olinthus  Ghegokt,  LL.D.,  F.R.A.S. 
Third  Edition,  Revised  and  Enlarged.  By  Henky  Law,  civil  engi- 
neer.      London:  M^eale,  18+8.     8vo.  pp.  510. 

This  is  a  new  edition  of  a  very  well  known  book.  An  editor  who 
undertakes  the  revision  of  the  scientific  labours  of  another  writer, 
undertakes  an  onerous  and  difficult  task.  If  he  alter  and  inter- 
polate freely,  he  may  be  charged  with  disrespect  towards  his 
author:  if,  on  the  other  hand,  he  adhere  too  faithfully  to  the  text, 
he  becomes  responsible  for  the  original  errors,  as  well  as  for  all 
which  he  himself  may  happen  to  commit. 

Dr.  Olinthus  Gregory,  of  the  Woolwich  Military  Academy, 
published  the  first  edition  of  his  "  Mechanics  for  Practical  Men  " 
in  1825;  and  eight  years  after,  a  subsequent  edition,  in  which  ha 
says,  "  I  have  corrected  a  few  errors  which  had  escaped  my  notice 
in  the  former  impression."  The  work  commences  with  an  elementary 
treatise  on  arithmetic  and  algebra,  and  the  remainder  is  devoted 
to  geometry  and  the  mechanical  sciences.  This  part  of  the  work 
is,  in  his  own  phraseology,  "  synoptical."  "The  definitions  and 
principles  are  exhibited  in  an  orderly  series,  but  investigations 
and  demonstrations  are  only  sparingly  introduced."  So  much  the 
greater,  then,  the  importance  of  accuracy.  Where  results  onlv  are 
given,  the  reader  must  trust  entirely  to  the  authority  of  the  writer  : 
the  process  of  investigation  being  omitted,  there  are  no  possible 
means  of  ascertaining  the  accuracy  of  the  conclusions.  They  must 
be  taken  on  trust.  Like  bank-notes,  they  may  or  may  not  repre- 
sent sterling  value  ;  but  in  the  absence  of  direct  information,  their 
circulation  depends  entirely  on  the  credit  of  the  issuer. 

Engineers  at  the  present  day  are  pretty  well  agreed,  that  the 
accuracy  of  formulas  is  something  more  than  a  matter  of  mere 
speculative  interest — that,  on  the  contrary,  it  has  a  real  and 
tangible  importance,  quite  apart  from  theoretical  considerations. 
It  was  at  one  time  thought  that  mathematical  investigations  of 
questions  of  engineering  were  matters  of  mere  curiosity — learned 
pastimes.  Now  it  is  found,  that  if  a  bridge  be  constructed  accord- 
ing to  insufficient  formulae,  it  not  only  ought  theoretically  to  fall 
down,  but  practically  will  do  so.  And  if  the  duty  of  a  steam-engine 
for  a  given  quantity  of  fuel  be  inaccurately  computed,  not  only  aie 
the  laws  of  science  infringed — but  the  pocket  of  the  owner  of  the 
engine  suffers  also.  In  this  way,  scientific  accuracy  comes  to  have 
a  practical  importance,  a  real  money  value  :  and  those  who  prided 
themselves  that  they  were  "  practical  men,"  and  thanked  heaven 
that  they  never  troubled  themselves  about  scientific  theories, 
— which  were  all  very  well  for  college-students,  and  people  who 
have  nothing  else  to  do, — discern  faintly  that  their  self-congratu- 
lation is  premature. 

These  considerations  render  us  very  anxious  that  the  theoretical 
science  should  not  suifer  discredit,  nor  practical  engineering  injury 
by  misplaced  confidence:  and  with  this  object  in  view,  we  proceed 
to  the  more  particular  examination  of  the  work  under  leview, — 
premising  that,  as  far  as  we  have  compared  it  with  the  preceding 
edition,  most  of  the  errors  appear  to  be  Dr.  Gregory's  originally, 
and  Mr.  Law's  by  imputation  only ;  and  it  is  notliing  but  fair  to 
suppose  that  the  latter  was  actuated  by  a  feeling  of  deference 
towards  his  author. 

We  pass  over  the  treatises  on  arithmetic  and  algebra  without 
examination ;  being  altogether  elementary,  they  may  be  presumed 
to  be  correct.  Our  criticism  commences  with  the  definitions  of 
Curves. 

"  A  cycloid  or  trochoid  is  ati  elegant  mechanical  curve,  first  noticed  by 
Descartes,  and  an  account  of  which  was  published  by  Mersenne  in  1615. 
It  is  in  fact  the  curve  described  by  a  nail  in  the  rim  of  a  carriage-wheel  while 
it  makes  one  revolution  on  a  flat  horizontal  plane." 

Cycloids  "o>'"  trochoids  are  used  as  synonymous  words!  They 
are  names  of  curves  essentially  different :  for  the  former,  the 
tracing  point  is  on  the  circumference  of  the  generating  circle — for 
the  latter,  the  tracing  point  is  within  or  beyond  that  circumference. 

"  If  the  generating  circle,  instead  of  rolling  along  a  straight  line,  is  made 
to  roll  upon  the  circumference  of  another  circle,  the  curve  described  by  any 
point  in  its  circumference  is  called  an  epicycloid." 

It  is  Jio<  called  an  epicycloid  except  when  the  generating  circle 
is  equal  to  the  fixed  circle,  and  rolls  on  the  exterior  of  it.  In  the 
other  cases,  the  curve  generated  is  either  a  Hypotrochoid, 
Epitrochoid,  or  Hypocycloid.  In  the  figure  illustrating  the  defini- 
tion of  an  epicycloid,  this  mistake  is  aggravated,  by  representing 
the  rolling  curve  as  much  larger  than  the  fixed  curve. 

It  is  of  the  very  essence  of  mathematical  definitions  that  they 
should  be  precise  and  comprehensive ;  and  in  no  part  of  mathe- 
matics is  this  exactness  of  definition  more  necessary  than  in  ms~ 
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chanics.     AVhat  will  our  mathematical  readers  say  of  such  a  defini- 
tion as  the  following  ? 

"  Whca  the  forces  that  act  upon  a  hody,  destroy  or  annihilate  each  other's 
operation,  ao  that  the  boily  remains  quiescent,  they  are  said  to  he  in  equili- 
brium,  and  are  then  called  pressures." 

This  is  clumsy  and  incomplete,  to  say  the  least.  It  is  assumed, 
th:it  when  two  forces  "annihilate  each  othei''s  operations,"  tlie  body 
is  at  rest, — the  case  of  uniform  motion  is  overlooked.  Besides,  the 
word  pressure  is  restricted  to  statical  forces,  whereas  it  is  properly 
applied  to  dynamical  forces  also. 

"  f'is  viva,  or  liiing  force,  a  term  used  by  Leibnitz  to  denote  the  force  or 
power  of  a  body  in  motion  ;  or  the  force  which  would  be  required  to  bring  it 
to  rest." 

Leibnitz  never  did  anything  half  so  absurd  as  is  here  said  of  him. 
Vis  viva  is  not  a  force  (or  power, — for  Dr.  Gregory  previously 
states  that  the  words  force  and  power  are  synonymous).  Vis  viva 
is  a  mere  technical  phrase — signifying,  simply,  mass  multiplied  by 
tlie  square  of  velocity — which  Dr.  Gregory  and  his  editor  are 
determined  to  distort  into  something  very  complicated  and  abstruse. 
So  far  from  vis  vim  being  a  force,  it  is  not  even  measured  by  force 
alone — another  element  being  the  distance  through  which  the 
force  acts.  When  a  hody  is  acted  upon  by  only  one  uniform  force, 
the  vis  viva  generated  is  equal  to  twice  the  force  multiplied  by 
the  distance  described  in  the  direction  of  the  force. 

In  the  second  problem  of  the  chapter  on  Statics,  the  calculation 
respecting  the  str<ain  on  tie-beams  and  struts  is  totally  erroneous. 
It  is  not  worth  while  to  state  the  problem  here,  as  we  could  not 
make  it  intelligil)le  witliout  the  diagrams.  To  the  reader  wlio  has 
the  work  before  him,  it  will  be  sufficient  to  state  that  the  error 
ai'ises  from  considering  tlie  forces  at  one  end  of  the  strut  and  tie- 
beam,  and  neglecting  the  forces  at  the  other  end  of  each.  The 
conclusion  is  manifestly  erroneous,  for  when  the  tie-beam  became 
indefinitely  long,  it  would  be  vertical,  and  the  tension  equal  to  the 
weight  suspended ;  the  strain  on  the  strut  at  the  same  time  he- 
coming  zero. 

"  If  the  particles  or  bodies  of  any  system  be  moving  uniformly  and  recti- 
lineally,  with  any  velocities  and  direction,  the  centre  of  gravity  is  cither  at 
rest,  or  moves  uniformly  in  a  right  line." 

This  is  not  true.  Does  the  author  mean  to  assert,  that  if  two 
bodies  be  moving  witli  different  velocities  in  straight  lines  perpen- 
dicular to  each  other,  the  common  centre  of  gravity  moves  in  a 
straight  line  .'' 

In  discussing  the  pressure  of  earth  against  walls,  the  line  of 
rupture  and  the  natural  slope  are  said  to  be  synonymous — they  are 
entirely  different  things  ;  the  line  of  rupture  being  that  which 
defines  what  is  technically  termed  the  wedge  of  ma.xinmm  pressure. 
In  the  next  paragraph  is  discussed  the  pressure  exerted  against 
the  wall  by  the  prism  resting  on  the  natural  slope  ;  whereas,  by  the 
very  definition  of  natural  slope,  that  prism  e.verts  no  such  pressure, 
the  friction  being  of  the  exact  amount  necessary  to  sustain  the 
weight. 

The  section  on  the  stability  of  the  arch  discusses  the  conditions 
for  a  case  of  rupture  which  is  mechanically  and  geometrically  im- 
possible— that  where  there  are  only  two  joints  of  rupture,  equi- 
distant from  the  crown,  the  loading  symmetrical,  and  the  piers 
incapable  of  sliding.  In  the  last  of  the  formulje  in  this  section, 
the  right-hand  side  of  the  equation  has  double  it  proper  value. 

The  preliminary  part  of  the  chapter  on  Dynamics  has  been  re- 
written,— not  however,  as  we  think,  with  great  success.  The  confu- 
sion of  ideas  respecting  vis  viva  is  really  marvellous,  considering 
how  simple  the  real  signification  of  the  phrase  is.  i\Ir.  Law  says, 
first,  "  Mechanical  effect  is  measured  by  the  product  of  the  mass  or 
weight  of  tlie  body  iuto  the  space  over  which  it  has  moved."  Then 
he  defines  the  vis  viva  of  a  moving  body  as  "  the  whole  mechanical 
effect  which  it  w  ill  produce  in  being  brought  to  a  state  of  rest." 
This  definition  is  by  no  means  satisfactory,  p'irst,  the  mass  or 
weight  are  spoken  of  as  convertible  terms.  Next,  coupling  the 
two  definitions,  the  vis  viva  is  said  to  "  produce"  the  mass  or 
weight  multiplied  by  the  distance.  This  is  a  strange  expression  : 
however,  if  we  leave  out  the  word  "  mass,"  and  for  "  distance" 
read  "  twice  the  distance,"  the  idea  intended  to  be  conveyed  is 
tolerably  correct,  where  the  motion  is  vertical  and  the  only  force 
is  that  of  uniform  gravity.  For  bodies  acted  on  by  variable  force, 
and  for  curvilinear  motion,  the  definition  is  totally  inapplicable. 

In  jilace  of  an  enunciation  of  the  three  laws  of  motion,  we  have 
the  following  experiments  as  the  foundation  of  dynamics. 

"  From  carefully  conducted  and  often-repeated  experiments,  the  following 
results  with  regard  to  bodies  in  motion  have  been  obtained  : — 

"  I.  If  a  body  of  a  certain  weight,  and  moving  with  a  given  velocity,  meet 
another  body  of  double  that  weight,  and  moTing  with  half  the  velocity,  the  i 


two  bodies  will  destroy  each  other's  motion,  and  both  will  be  biought  to  a 
state  of  rest. 

"  II.  A  body  of  a  certain  weight  and  moving  with  a  given  velocity,  being 
subject  to  a  uniformly  retarding  force  (i.  e,  a  uniform  force  acting  constantly 
in  a  contrary  direction  to  the  body's  motion),  will  move  over  a  certain  space 
in  being  brought  to  rest,  and  will  occupy  a  certain  time  in  doing  so;  then 
another  body  of  the  same  vxcight,  hut  moving  with  haf  the  velocity  of  the 
former,  being  subject  to  the  same  uniformly  retarding  force,  will  move  over 
one  quarter  of  the  space  moved  over  by  the  former,  in  being  brought  to  a 
state  of  rest,  and  will  occupy  in  doing  so  half  the  time.  And  another  body 
of  the  same  vseight,  but  moving  with  one-third  of  the  velocity  of  the  first, 
will  move  over  one-ninth  of  the  space,  and  occupy  one-third  the  time  of  the 
first,  in  being  brought  to  a  state  of  rest." 

The  second  experiment  would  be  analogous  to  that  of  trying 
whether  all  points  in  tlie  circumference  of  a  circle  possess  the 
property  of  equidistance  from  tlie  centre  !  It  is  a  matter  of  defini- 
tion that  they  should  do  so.  In  the  same  way,  the  mere  definition 
of  uniformly  retarding  force  leads  to  the  inference  here  indicated 
as  the  result  of  numberless  experiments.  The  conclusion  depends 
on  mere  geometry,  not  on  any  law  of  mechanics.  If  a  horse  set  off 
at  a  constantly  diminishing  speed — 50  feet  tlie  first  second,  49  feet 
the  next,  48  feet  the  next,  and  so  on — it  requires  no  knowledge  of 
mechanics,  but  a  simple  arithmetical  computation,  to  ascertain  how 
far  he  has  gone,  and  tlie  time  which  has  elapsed,  when  his  velocity 
is  reduced  to  20  feet  a  second.  In  the  same  way,  if  a  body  be  acted 
upon  by  a  uniformly  retarding  force — that  is,  one  which  diminishes 
the  velocity  at  an  assigned  uniform  rate — the  law  of  motion  is 
assigned  a  priori,  and  it  requires  no  experiment  to  determine  the 
distances  corresponding  to  subsequent  rates  of  velocity.  The  rule 
that  the  distance  traversed  before  the  body  comes  to  rest  is  pro- 
portional to  the  square  of  the  velocity  destroyed,  depends  on  purely 
geometrical  computation. 

In  the  section  on  Motion  on  Inclined  Planes,  we  find  the  follow- 
ing:— 

"  Each  particle  of  matter  in  a  rolling  body  resists  motion  in  proportion  to 
the  square  of  its  distance  from  the  axis  of  motion." 

There  is  no  such  resistance,  either  in  proportion  to  the  square  of 
the  distance  from  the  axis  of  motion,  nor  in  any  other  proportion. 
It  is  incorrect  to  say  that  matter  resists  motion  ;  it  neither  resists 
nor  assists  it,  but  is  perfectly  impassive  and  inert.  The  force  of 
inertia,  as  M.  Poisson  observes,  is  an  incorrect  phrase,  arising  from 
inaccurate  notions  of  the  properties  of  matter — it,  in  fact,  implies 
an  idea  that  matter  has  some  inherent  property  of  altering  its  own 
motion. 

In  the  section  treating  of  Pendulums,  it  is  asserted,  that  if  a 
body  suspended  from  a  fixed  point  by  a  flexible  string  be  made  to 
vibrate,  it  will  always  rise  the  same  vertical  distance  as  it  has 
descended.  This  is  of  course  true  when  the  motion  is  not  dis- 
turbed ;  but  it  is  added,  that  if  the  motion  of  the  string  be  inter- 
cepted by  a  projecting  peg,  so  as  to  shorten  the  radius  of  the  arc  in 
which  the  body  moves,  the  same  property  holds.  That  this  is  not 
generally  true  is  obvious,  from  the  consideration  that  the  peg  may 
be  so  near  the  vibrating  body,  that  the  radius  becomes  too  short  to 
allow  the  body  to  regain  its  original  height.  Moreover,  the  string 
receives  a  jerk  ;  and  therefore,  unless  it  be  perfectly  elastic,  there 
is  a  loss  of  vis  viva. 

After  a  confused  and  inaccurate  definition  and  table  of  values 
of  the  radius  of  gyration  for  several  bodies,  we  have  the  following 
lucid  explanation  of  the  principles  of  rotation  : — 

"  If  the  matter  in  any  gyrating  body  were  actually  to  be  placed  as  if  in 
the  centre  of  gyration,  it  ought  either  to  be  disposed  in  the  circumference  of 
a  circle  whose  radius  is  R,  or  at  two  points  R,  R',  diametrically  opposite,  and 
each  at  a  distance  R  from  the  centre." 

All  that  can  he  made  out  of  this  is,  that  if  tlie  body  be  in  one 
place,  it  "ought  to  be"  in  another.  The  only  inference  from  such 
a  statement  is  a  querulous  determination  on  the  part  of  the  writer 
to  be  dissatisfied  with  the  position  of  the  body  under  all  circum- 
stances. The  feeling  is  that  of  the  wolf  toward  the  lamb  in  the 
fable — a  general  disinclination  tliat  the  body  should  have  anp 
position.  Several  preceding  sentences  gave  rise  to  the  suspicion 
that  the  author  did  not  clearly  understand  the  subject  on  which  lie 
was  writing — the  sentence  just  quoted  converts  suspicion  iuto  cer- 
tainty. 

The  following  are  the  definitions  at  the  commencement  of  a 
chapter  on  Central  Forces : — 

"  (1.)  Centripetal  force  is  a  force  which  tends  constantly  to  solicit  or  to 
impel  a  body  towards  a  certain  fixed  point  or  centre.  (2.)  Centrifiuj  at  force 
is  that  by  which  it  would  recede  from  such  a  centre,  were  it  not  prevented 
by  the  centripetal  force.  (3.)  These  two  forces  are,  jointly,  called  central 
forces." 

Centrifugal  force  is  not,  as  here  stated,  directed  towards  a  fixed 
centre.     It  is  normal  to  the  path  of  motion;  and,  therefore,  there  is 
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only  one  particular  case — that  of  circular  motion — in  which  the 
above  definition  is  satisfied.  In  elliptical  and  other  kinds  of  motion 
it  is  violated  at  every  instant.  This  consideration  is  of  itself 
sufficient  to  show  that  the  third  definition  is  also  incorrect.  Cen- 
tral forces  are  always  taken  by  mathematicians  to  be  forces  directed 
from  or  towards  a  fixed  centre — which  centrifugal  force  is  not. 

The  laws  of  motion  about  centres  of  att  ration  are  applied  to 
cases  to  wliich  they  have  no  relation.  The  following  problem  is  an 
instance  : — 

"  If  a  fly,  2  tons  weight  and  16  feet  diameter,  is  sufficient  to  regulate  an 
engine  when  it  revolves  in  4  seconds;  what  roust  be  the  weight  of  another 
fly  of  12  feet  diameter  revolving  in  2  seconds,  so  that  it  may  have  the  same 
power  upon  the  engine  ?" 

It  seems  scai-cely  credible  that  the  solution  of  this  problem  is 
derived  from  the  law  of  motion  of  a  free  body  in  a  circle  about  a 
central  force — that  "  the  forces  are  as  the  distances  or  radii  of  the 
circles  directly,  and  the  forces  inversely."  Could  it  be  believed, 
that  a  student  viho  had  read  mathematics  for  six  months,  would 
apply  a  law,  which  is  wholly  independent  of  tlie  mass  acted  upon, 
to  a  problem  in  which  the  mass  is  the  most  essential  particular .'' 
By  such  log-ic,  the  following  relation  between  the  weights  of  the 
two  fly  wheels  is  established : — 

WD  _  wd 
T'     ~     P  ' 
where  W,  «>,  are  the  weights;  D,  d,  the  diameters  of  the  wheels; 
and  T,  t,  the  times  occupied  in  revolution.     Now,  to  show  the  ab- 
surdity of  all  this,  we  have  only  to  express  the  times  in  terms  of 
the  linear  velocities,  V,  and  v,  and  the  above  equation  becomes 
W  V=  _  wv\ 
D      ~     d    ' 
which  leads  to  the  conclusion,  that  for  two  fly  wheels  of  equal 
weight,  that  having  the  greatest  velocity  must  also  have  the  greatest 
diameter  ! — a  conclusion  to  which  our  practical  readers  would  pro- 
bably demur. 

It  would  take  up  too  much  space  to  e3£j)lain  all  that  appears 
objectionable  in  the  work  before  us.  Mr.  Law  certainly  has  the 
credit  of  rendering  the  new  edition  somewhat  better  than  the  pre- 
ceding, by  introducing  De  Pambour's  investigations  of  the  power  of 
the  steam-engine,  and  by  several  improvements  of  arrangement. 

In  the  pajier  on  the  Strength  of  Materials,  which  is  almost  en- 
tirely re-written,  Mr.  Law  gives  some  valuable  views  of  the  subject, 
which  cause  us  to  regret  that  he  has  not  exercised  keener  criticism 
in  other  parts  of  the  work.  In  estimating  the  tranverse  strength 
of  materials,  an  ingenious  theory  is  proposed,  for  representing  the 
total  forces  of  extension  and  compression  in  any  section  of  a  girder 
by  solids,  of  which  lines  proportional  to  those  forces  are  the  hori- 
zontal ordinates.  Unfortunately,  he  overlooks  the  fact  that  the 
total  forces  of  longitudinal  compression  and  tension  are  equal  and 
opposite.  He  assumes  also  that  their  moments  are  equal — which 
is  incorrect.  This  error  vitiates  equation  (I),  page  373,  and  all 
that  depends  on  it. 

Our  review  must  close  here,  not  from  want  of  subjects  for  further 
comment,  but  because  of  the  space  which  they  would  occupy.  We 
have  done  little  more  than  point  out,  in  the  briefest  possible  man- 
ner, a  few  errors  here  and  there;  and  have  avoided  general  observa- 
tions, lest  our  criticism  should  appear  unduly  severe. 


The  High-Pressure  Steam-Engine ;  an  exposition  of  its  Comparative 
Merits,  and  an  essay  towards  an  Improved  Si/stem  of  Construction.  By 
Dr.  Eknst  Alban,  practical  machine  maker,  Plan,  Mecklenberg. 
Translated  from  the  German,  with  notes,  by  Wiujam  Pole,  C.E. 
London:  Weale,  1848.     8vo.  pp.  150. 

This  is  the  conclusion  of  a  work  of  which  the  first  portion  was 
reviewed  ante,  vol.  X.,  p.  45.  It  will  be  remembered,  that  the 
distinguishing  feature  of  Dr.  Alban's  subject  is  an  earnest  advo- 
cacy of  the  merits  of  the  high-pressure  steam-engine,  which,  he 
contends,  is  for  all  purposes  and  under  all  circumstances,  superior 
to  the  low-pressure  engine.  He  proposes  to  increase  the  steam- 
pressure  greatly  beyond  the  limits  now  usually  assigned  to  it ;  and 
as  his  observations  are  the  result  of  long  practical  experience  in 
the  manufacture  of  engines,  and  in  superintending  their  working, 
they  are  at  least  deserving  of  consideration.  His  arguments  are 
those  of  a  careful  and  judicious  observer,  and  the  details  of  his 
experience  prove  that  he  has  pursued  his  profession  with  no  ordi- 
nary amount  of  energy  and  ability. 

In  the  present  portion  of  the  treatise,  our  author  describes  the 
form  of  the  boiler  and  furnace  adopted  by  himself,  and  which  he 
recommends  as  models  for  general  adoption.   We  must  demur,  how- 


ever, to  the  notion  of  a  model  engine,  and  to  any  one  routine  of  con- 
struction prescribed  for  universal  practice.  The  steam-engine 
would  lose  much  of  its  value  if  the  arrangement  of  its  parts  were 
immutable.  The  diversity  of  forms  which  may  be  given  to  it, 
and  the  facility  of  adapting  them  to  local  exigences,  render  the 
steam-engine  the  most  convenient,  as  it  is  the  most  economical, 
of  motive  agents.  c  d 

The  principle  which  characterises  Dr.  Alban's  o     o     o 

boiler,  is  the  circulation  of  hot  water  through       o     o     o     o 
the  tubes,  and  the  return  to  the  boiler  of  the  o     o     o 

water  which  has  been  carried  upwards  in  a  liquid       o     o     o     o 
form  with  the  current  of  steam.     The  dots  in  the  o     o     o 

diagram  will  sufficiently  explain  the  relative  o  o  o  o 
position  of  the  tubes,  c,  d,  are  two  capacious  vessels  above  them. 
The  ends  of  all  of  them  communicate  with  c,  the  "separator," 
into  which,  therefore,  the  steam  generated,  and  the  water  mechani- 
cally mixed  with  it,  are  carried.  At  that  end  of  this  vessel 
where  steam  and  water  are  admitted,  violent  ebullition  goes  on  ; 
but  as  the  capacity  of  the  boiler  is  large,  the  water  and  steam  be- 
come more  and  more  separated  as  they  progress  to  the  further  end, 
whence  they  pass  quietly  by  their  respective  pipes  to  tlie  receiver 
d,  in  which  an  undisturbed  water-level  is  maintained.  From  d, 
the  steam  passes  oif  to  the  engine,  and  the  water  is  returned  to 
renew  its  labyrinthine  course  through  the  tubes  of  tlie  boiler. 

Our  author  assures  us  that  he  has  determined  the  efficiency  and 
economy  of  this  invention,  by  actual  and  careful  experience.  The 
advantage  which  he  claims  is,  chiefly,  that  of  having  a  tube 
surface,  subject  to  the  direct  action  of  the  furnace,  aud  yet  not 
liable  to  excessive  ebullition  or  boiling  dry.  The  tubes  are  of 
small  diameter ;  consequently,  their  heating  surface  bears  a  liigher 
proportion  to  the  volume  of  water  in  them,  than  would  be  the 
case  with  tubes  of  a  larger  diameter.  This  circumstance.  Dr. 
Alban  insists  upon  as  most  important  for  the  economical  generation 
of  steam.  At  the  same  time,  the  tubes  lie  so  far  below  the  water' 
level,  that  a  want  of  water  in  them  is  scarcely  likely  to  occur  : 
and  if  it  did,  it  would  take  place  first  in  the  higher  tubes,  which 
are  the  least  exposed  to  heat. 

It  will  strike  some  of  our  practical  readers,  that  this  mode  of 
construction,  and  the  smallness  of  the  tubes,  must  render  them 
exceedingly  liable  to  be  impaired  by  the  accumulation  of  deposit. 
We  are  told,  however,  that  this  is  by  no  means  so  formidable  a 
difficulty  as  it  may  at  first  sight  appear,  as  the  stony  concretion 
is  confined  to  the  upper  tiers  of  tubes,  and  the  arrangement 
aifords  easy  access  to  them.  It  is  however  allowed,  that  tubes  of 
so  small  size  as  those  here  described  would  not  be  applicable  to 
marine  boilers,  in  which  a  great  deposit  from  salt  water  takes 
place. 

After  a  minute  description  of  the  boiler,  the  writer  proceeds  to 
an  examination  of  improvements  of  the  furnace.  He  does  not 
deem  of  much  importance  the  "  smoke  nuisance,"  as  it  is  em- 
phatically termed  in  England,  and  decries  the  legal  restrictions  to 
which  engine  owners  are  subjected  in  Germany,  to  prevent  them 
from  forcing  the  bituminous  vapour  and  soot  of  their  furnaces 
down  their  neighbours'  throats.  "  The  English,"  says  he,  "  con- 
tinue to  live  well  among  their  smoke,  and  find  themselves  well  off 
on  it ;  they  neither  turn  up  their  noses  nor  get  asthma,  but  they 
live,  and  live  long."  We,  however,  who  live  in  England,  are  not 
easily  to  be  persuaded  that  the  vitiation  of  the  air  by  smoke  is  a 
slight  evil.  The  pollution  of  the  air  in  London  and  the  manufac- 
turing districts,  inflicts  mischief  of  which  tlie  magnitude  can  only 
be  appreciated  by  actual  observation.  The  cities  of  the  continent, 
by  the  limits  of  their  size,  and  the  comparative  insignificance  of 
the  manufactures  carried  on  in  them,  are  so  little  subjected  to  the 
injury  in  question,  that  it  is  not  surprising  that  a  foreign  writer 
should  speak  slightingly  of  it.  But  the  thousands  who  annually 
fall  victims  to  the  chimiiey-poUuted  atmosphere  of  this  metropolis, 
give  mournful  proof  that  it  is  no  false  sentimentality — no  popular 
prejudice,  that  have  at  length  rendered  the  sanitary  regulation 
of  manufactures  an  irresistible  obligation  on  the  legislature.  Dr. 
Alban  considers  all  the  self-acting  contrivances  for  consumption 
of  smoke  useless ;  and  deems  it  vain  to  expect  that  any  future 
inventions  for  the  purpose  will  succeed.  It  is  sincerely  to  be 
hoped,  however,  that  an  object  of  such  paramount  importance  will 
not  be  given  up  in  despair.  There  can  be  no  question  that  much 
improvement  has  already  been  effected,  and  that  the  combustion 
of  fuel  is  conducted  in  a  more  complete  and  perfect  manner  now 
than  it  was  a  few  years  ago.  When  the  necessity  of  further  exer- 
tions becomes  apparent,  that  parent  of  invention  will  stimulate 
our  mechanicians  to  greater  efforts  and  to  the  discovery  of 
methods  which,  we  are  convinced,  have  not  yet  been  attained, 
because  the  inquiry  has  been  partially  or  feebly  conducted. 
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The  suliject  next  considered  is  the  engine  itself,  in  which 
•everal  improvements  are  proposed.  According  to  our  autlior's 
principle  of  confining  himself  to  one  exclusive  model  for  every 
jwirt  of  the  steam-engine,  he  here  selects  the  oscilhiting-cylinder 
for  universal  adoption.  The  history  of  these  cylinders  as  given 
by  the  translator  is  curious,  and  affords  interesting  testimony  that 
a  discovery,  after  being  abandoned  by  the  original  inventor  as 
useless,  maj'  be  taken  up  by  others  with  complete  success.  In  1802, 
Tkkvethick  took  out  a  patent  for  an  engine,  in  which  cylinder, 
boiler,  and  furnace  all  muting  together;  and  adds,  that  if  it  be 
desirable,  nil  the  other  part.i  may  be  fij:ed  e.rcept  the  cylinder,  which 
may  he  suapended  on  trunnions  or  pimts  perforated/or  the  admission  of 
xteam.  Other  patents  were  also  taken  out  for  moveable  cylinders; 
but  the  first  oscillating-engines  actually  made,  were  those  of  Mr. 
Aaron  M.4nbv,  and  his  son,  the  present  able  secretary  of  the 
Institution  of  Civil  Engineers.  The  important  addition  of  the 
hlide-valve  was  patented  liy  Joseph  Maudslay,  in  1827  ;  who,  by 
combining  the  D  valve  with  eccentric  gearing,  made  an  important 
step  in  perfecting  these  engines. 

Dr.  Alban  proceeds  to  discuss  the  several  objections  usually 
urged  against  the  the  oscillating-cylinder,  and  to  explain  its  ad- 
vantages. To  the  objection,  that  injurious  lateral  strains  are  pro- 
duced every  time  the  motion  is  reversed  and  the  momentum 
arrested,  he  replies,  that  in  steam-engines  of  ordinary  construction, 
the  ])arts  subjected  to  reciprocating  motion  (the  beam  or  side- 
levers)  are  usually  heavier  than  the  cylinder,  and  vibrate  through 
a  much  greater  arc.  Though  this  be  true,  we  must  remark  that 
the  arrangement  of  the  oscillating-engine  renders  it  mechanically, 
or  rather  geometrically,  impossible  that  its  motion  can  be  so  even 
and  regular  as  that  of  the  beam-engine.  By  the  arrangement  of 
the  ordinary  crank,  the  motion  of  the  beam  is  slowest  at  the  two 
limits  of  its  motion :  it  comes  gradually  to  rest  at  the  extremity 
of  the  arc  of  vibration,  so  that  every  thing  like  concussion  is 
avoided  :  and  that  this  advantage  is  attainable  in  tlie  most  perfect 
degree,  is  proved  by  the  fact  that  in  properly  constructed 
engines,  the  most  ponderous  beams  move  without  producing  a  jar 
or  concussion.  In  the  oscillating-engine,  however,  there  is  a  pecu- 
liarity in  the  arrangement  which  precludes  uniformity  of  motion. 
The  arc  through  which  the  crank  revolves  wliile  the  cylinder 
oscillates  in  one  direction,  is  less  than  a  semicircle — and  greater 
than  a  semicircle  while  the  cylinder  oscillates  in  the  contrary 
direction.  Hence,  if  the  motion  of  the  crank  be  uniform,  the 
cylinder  oscillates  from  riglit  to  left,  and  from  left  to  right,  in 
unequal  times.  If,  on  the  contrary,  the  oscillations  of  the  cylinder 
be  regular,  the  crank  moves  faster  when  it  is  near  the  cylinder 
than  when  at  its  greatest  distance  from  it.  In  practice,  these  two 
variations  are  compounded — or,  if  the  phrase  be  allowable,  the 
irregularity  of  motion  is  shared  between  tlie  crank  and  the  cylinder. 
Of  course,  the  motion  of  the  piston  and  other  parts  is  affected  by  it. 
The  actual  amount  of  it  depends  on  the  relation  between  the  length 
of  the  crank  and  connecting-rod,  and  the  distance  of  tlie  trunnions 
of  the  cylinder  from  the  centre  of  the  crank  ;  and,  cceteris  paribus, 
tlie  uniformity  is  increased  by  increasing  the  distance  of  the  swing 
centre  from  the  crank-shaft :  but  perfect  regularity  is  unattain- 
able. 

To  the  objection,  that  the  cylinders  are  unequally  worn  by  the 
piston  pressing  first  on  one  side  and  then  on  the  other,  the  author 
replies,  that  this  objection  can  only  apply  with  much  force  where 
the  pistons  are  large  and  heavy,  and  that  the  hemp  packing  (which 
he  always  prefers  to  metallic  packing)  almost  entirely  remedies 
the  evil. 

The  disadvantage  arising  from  the  friction  of  the  trunnions  on 
which  tlie  cylinders  swing,  and  which  are  usually  perforated  for 
the  admission  and  eduction  of  the  steam,  is  remedied  by  the  author 
by  suspending  tlie  cylinders — not  on  tlie  gudgeons  through  which 
the  steam  passes — but  on  a  separate  frame,  having  no  communica- 
tion with  them.  After  enlarging  on  tlie  great  increase  of  friction 
resulting  from  the  heat  of  the  metal,  he  shows  that  by  keeping  the 
actual  bearings  on  which  the  weight  of  the  cylinder  is  supported, 
separate  from  the  steam  passages,  the  heat  of  the  rubbing  parts  is 
comparatively  trifling,  and  that  a  great  amount  of  friction  is  conse- 
quently avoided. 

The  fourth  olijection  considered  is,  that  "  when  the  distance  of 
tlie  trunnion-axis  from  the  crank-shaft  is  too  small,  the  vibrations 
are  unequal,  as  is  also  the  force  transmitted  to  tlie  engine."  To 
this  remark  the  translator  briefly  ro]dies,  in  a  note,  that  "  the 
objection  has  no  weiglit  at  all."  With  great  deference  to  Mr. 
Pole's  authority,  there  is  considerable  weight  in  the  objection.  He 
iias  not  appended  to  his  dictum  any  reasons  in  defence  of  it,  and 
tliere  is  therefore  hardly  any  other  way  of  meeting  him  tlian  by 
counter-assertion.     Does  he  mean  to  assert  that  the  vibrations  are 


performed  in  equal  times?  If  so,  it  is  quite  clear,  fiom  the  geome- 
try of  tlie  case,  that  the  crank  moves  at  variable  rates  ;  and  this  it> 
suflScient  proof  that  the  force  is  not  uniformly  transmitted  to  the 
%vorking  parts.  If,  on  the  other  hand,  the  motion  of  the  crank  and 
the  transmission  of  force  be  uniform,  the  oscillations  of  the  cylinder 
take  place  in  unequal  times.  There  is  no  escaping  from  one  or 
other  of  the  horns  of  the  dilemma.  We  do  not  insist  on  the  disad- 
vantage as  necessarily  serious  ;  but  that  it  exists,  and  is  unavoidable, 
is  obvious  from  mere  inspection  of  a  diagram  showing  the  relative 
positions  of  the  cylinder  and  crank. 

The  advantages  of  the  oscillating-cylinder  on  which  our  author 
earnestly  enlarges,  are — 1st,  its  simplicity, arising  from  the  omission 
of  the  beam,  parallel  motion,  and  other  parts ;  2nd,  the  facility  ol 
construction,  the  fitting  being  in  a  great  measure  effected  by  the 
lathe  ;  3rd,  compactness,  and  consequently  suitability  for  steam- 
vessels  ;  4th,  comparative  lightuess ;  Stli,  the  consequent  porta- 
bility;  6th,  diminution  of  prime  cost ;  7th,  the  simplicity  of  work- 
ing management ;  8th,  the  diminution  of  friction  ;  9th,  the  saving 
of  grease  for  lubrication;  10th,  the  little  repair  required ;  11th, 
the  facility  of  discovering  and  rectifying  any  error  of  adjustment ; 
12th,  the  omission  of  guides  for  the  piston-rods;  and  lastly,  the 
direct  and  advantageous  transmission  of  force. 

There  is  one  remark  to  be  made  on  this  enumeration  of  the 
advantages  of  the  oscillating-engine,  which,  though  simple,  deducts 
greatly  from  its  claims  to  pre-eminence. — The  greater  part  of  the 
merits  claimed  for  it  do  not  belong  to  it  exclusively,  but  are  com- 
mon to  all  kinds  of  direct-action  engines. 

Among  the  prominent  features  of  Dr.  Alban's  views,  is  the  pre- 
ference which  he  tells  us  that  long  experience  has  induced  him  to 
assign  to  hemp  packing  for  the  piston.  Contrary  to  the  opinion  of 
many  practical  men,  who  believe  the  metallic  packing  absolutely 
indispensable  for  high-pressure  engines,  he  considers  that  method 
fraught  with  inconvenience.  It  may  however  be  observed,  that 
many  of  the  disadvantages  (those  arising  from  imperfect  workman- 
ship) are  more  likely  to  arise  in  Germany  than  in  England,  where 
we  may  justly  pride  ourselves  on  the  marvellous  perfection  which 
has  been  obtained  in  the  manufacture  of  the  details  of  the  steam- 
engine. 

Other  objections  to  metallic  packing  are  not  to  be  thus  disposed 
of.  The  cylinder  and  the  piston  are  frequently  of  different  metals, 
and  therefore  liable  to  difl'ei-ent  rates  of  expansion ;  consequently, 
the  adjustment  of  the  packing,  though  perfectly  accurate  when 
the  met.'ls  are  cold,  becomes  untrue  after  they  are  heated.  Dr. 
Alban  denies  that  the  packing  gi-inds  itself  steam-tight  by  working ; 
on  the  contrary,  he  believes  that  if  any  imperfection  exist  originally, 
it  is  aggravated  by  use.  We  are  however  inclined  to  believe  that 
he  speaks  on  this  point  from  limited  experience,  for  while  the  elas- 
ticity remains  unimpaired,  it  presses  against  the  cylinder  any 
irregular  protuberances  which  may  exist,  and  the  adjacent  parts 
are  protected  from  attrition  till  these  be  worn  down  to  an  even 
surface.  Of  course,  if  the  elasticity  of  the  packing  be  unequally 
distributed,  those  parts  most  forcibly  pressed  against  the  cylinder 
will  wear  thin  and  be  destroyed  before  the  portions  of  the  packing 
subjected  to  less  pressure. 

The  liability  of  the  packing  to  lose  its  expansive  power,  either  by 
the  component  parts  cohering  and  losing  their  mobility,  or  by  the 
heat  destroying  the  elasticity  of  the  springs,  is  strongly  insisted 
upon.  It  is  also  asserted  that  the  complexity  and  number  of  the 
parts  render  them  liable  to  get  out  of  repair,  and  that  they  can 
never  fit  so  closely  as  to  be  perfectly  steam-tight.  Hemp  packing 
is  preferred  on  account  of  its  simplicity  ;  and  the  author  states,  as 
the  result  of  his  experience,  that  a  packing  of  rope,  of  loose  unspun 
fibres,  thoroughly  lubricated,  works  well  and  remains  steam  tight 
under  high  pressures.  We  will  not  absolutely  assert  that  there 
are  not  any  circumstances  under  which  this  kind  of  packing  may 
be  used  with  advantage,  but  many  of  Dr.  Alban's  prejudices  must 
have  arisen  from  observing  the  working  of  metallic  packing  of 
inferior  construction;  and  probably,  if  he  were  acquainted  with  the 
great  improvements  wliich  have  been  effected  in  England  in  this 
part  of  the  steam-engine,  he  might  be  induced  to  modify  his 
opinions. 

There  are  many  other  topics  of  the  treatise  before  us  deserving 
attention,  but  we  must  content  ourselves  with  remarking,  generally, 
that  the  very  original  views  taken  by  the  author  are  not  those  of  an 
ingenious  schemer  merely,  but  of  one  who  combines  originality  of 
invention  with  practical  knowledge,  and  enhances  both  by  the 
power  of  logical  induction  exhibited  in  the  methodic  arrangement 
of  his  arguments,  and  the  distinct  statement  of  the  results  of  his 
experience. 
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The  Assistant  Engineer's  Railway  Guide.  By  W.  Davis  HaskolI/, 
C.E.     Part  II.     London  :  John  Williams  and  Co.,  1848. 

Many  excellent  works  on  subjects  connected  with  the  profession 
of  the  civil  engineer  have  at  various  times  been  published.  But 
while  the  wants  of  the  more  advanced  portion  of  the  profession 
have  been  comparatively  well  supplied,  the  junior  members  have 
been  left,  at  their  entrance  on  the  practical  duties  of  their  calling-, 
almost  without  any  guide  to  assist  them.  The  need  of  a  book, 
treating  in  a  practical  manner  of  the  minor,  though  most  impor- 
tant, operations  which  form  the  principal  duties  of  the  assistant 
engineer,  has  long  been  felt ;  and  we  are  glad  to  find  that  this 
requirement  has  been  satisfied  by  Mr.  Haskoll,  in  the  work  before 
us. 

In  the  first  part,  published  in  1846,  the  subjects  of  setting-out 
the  centre  line,  taking  the  permanent  section,  boring,  and  the 
otlier  operations  preliminary  to  breaking  ground,  were  discussed  ; 
in  the  second  part,  the  author  has  devoted  his  attention  to  the 
setting-out  of  works,  the  subject  of  earthwork,  the  formation  of 
the  permanent  way,  and  the  many  operations  necessary  while  the 
railway  is  in  progress  of  construction.  These  various  topics  are 
treated  in  a  clear  and  practical  manner :  every  variety  of  work, 
whether  on  the  skew  or  square,  on  a  straight  line  or  curve,  is  con- 
sidered ;  and  the  methods  of  setting-out,  and  the  precautions  neces- 
sary during  the  construction  are  shown.  Tlie  author  is  no  advo- 
cate for  the  "  rough-and-ready"  system,  but  inculcates  a  careful 
attention  to  accuracy  in  every  particular.  ^V^ere  this  course  more 
commonly  adhered  to,  we  should  not  so  often  hear  of  failure  in 
works,  causing  often  loss  of  life,  and  always  profuse  expenditure  of 
capital.  The  following  passage  will  illustrate  the  author's  views  on 
this  subject : — 

"Let  me  persuade  the  young  practitioner,  that  the  gratification 
he  will  feel  at  finding  the  string-courses  of  his  bridges  and  viaducts 
at  their  true  height  and  gradient,  or  the  formation  of  a  tunnel  at  the 
intended  levels,  will  alone  amply  reward  him  for  his  trouble,  inde- 
pendently of  a  reputation  for  accuracy,  which  he  will  not  fail  to 
obtain  in  the  opinion  of  a  judicious  chief,  as  also  in  the  estimation 
of  directors.  Let  him  beware  of  the  vaunts  of  '  rough-and-ready' 
men  (rough  work  and  readiness  to  blunder),  who  disguise  their  in- 
capacity and  ignorance,  by  pleading  the  impossibility  in  practice 
to  obtain  truly  correct  levels  ;  for  if  there  be  any  truth,  rationally 
speaking,  in  this  excuse,  the  greater  should  be  the  engineer's  care 
to  avoid  errors,  and  not  to  do  his  work  in  a  slovenly  manner, 
whereby  he  may  double  and  treble  his  '■mistake ;'  and  he  will  find 
that  contractors,  masons,  bricklayers,  &c.,  will  be  careful  and  at- 
tentive, exactly  in  proportion  to  the  care  and  attention  which  he 
himself  bestows  on  the  works.  This  observation  applies  exactly 
in  the  same  sense,  and  to  the  same  extent,  in  setting-out  works. 
He  will,  moreover,  have  the  satisfaction  of  knowing,  that  his  mind 
on  this  subject  will  be  at  ease  as  the  works  proceed,  and  that  no 
reproach  can  be  made  to  him ;  on  the  contrary,  an  error  of  this 
kind  carried  out  can  be  considered  little  better  than  wilful  neglect 
of  duty." 

After  giving  an  example  of  a  section  book,  containing  columns 
for  the  half-widths,  distance,  total  rise,  finished  levels,  excava- 
tion, and  embankment,  on  one  side, — with  a  sketch  of  the  surface, 
and  notes  of  the  position  and  particul.-irs  of  bridges,  culverts,  &c., 
on  the  other, — the  author  adds  the  following  hints  : — ■ 

"  The  pocket  section  being  prepared  so  far,  we  should,  as  soon 
as  the  works  of  construction  are  determined  on,  insert  notes  from 
the  working  drawings,  or  otherwise,  of  the  angles  of  skew  at 
which  the  line  crosses  roads,  canals,  &c. ;  the  spans  of  arches  on 
the  square  and  skew,  the  rise  of  the  arch,  the  depth  of  arch  stones, 
of  puddle,  if  any  ;  also,  if  the  works  be  on  an  inclined  plane,  the 
rise  or  fall  from  centre  to  centre  of  piers ;  memoranda  also,  of 
nearly  similar  nature,  should  be  made  of  girder  bridges,  culverts, 
drains,  and  other  works  occurring  along  the  line.  These  remarks 
are  more  than  necessary ;  because,  when  on  the  works,  the  draw- 
ings, when  required,  are  often  mislaid,  or  partially  defaced  or 
destroyed.  It  must  be  added,  however  reluctantly,  that  the  tracings 
with  which  contractors  and  sub-contractors  are  supplied,  are  often 
wrongly  figured  ;  and  the  site  of  construction,  amidst  the  moving 
to-and-fro  of  masons,  labourers,  and  '  navvies,'  is  not  the  place 
where  such  errors  may  be  most  readily  detected  and  corrected." 

The  second  chapter  is  devoted  to  earthwork;  and  here  the 
author  shows  a  practical  acquaintance  with  the  numerous  consi- 
derations that  determine  the  course  to  be  taken  in  the  treatment 
of  this  most  important  feature  of  the  works  of  a  line  of  railway. 
We  subjoin  a  few  extracts  on  cutting  and  embankment : — 

"  The  determination  of  slopes   for  earthwork  is  one  of  the 


most  uncertain  subjects  the  engineer  has  to  contend  with,  if  he 
be  anxious  to  reduce  as  much  as  possible  the  quantity  of  excava- 
tion, and  tliat  of  land  to  be  purchased — both  formidable  items  of 
expense  :  but  this  reduction  is  attended  with  one  great  danger — 
namely,  a  '  slip,'  which  will  often,  for  a  considerable  length,  occa- 
sion a  double  and  treble  quantity  of  excavation,  and  the  purchase 
of  a  corresponding  quantity  of  land.  *  *  *  The  slopes  of 
cuttings  in  gravel  will  stand  at  almost  any  depth  at  U  to  1,  and  at 
depths  of  10  feet  and  15  feet  at  1  to  1  ; — chldk  is  more  uncertain  ; 
in  solid  rocky  masses,  it  will  stand  perpendicular;  friable,  it  may 
require  slopes  of  1  to  1  ;— shale  will  stand  at  a^  to  1,  if  the  stratifi- 
cation be  horizontal  and  dry,  but  when  wet  and  soa])y,  there  wUl  be 
great  uncertainty  ;— clay,  however,  is  by  far  the  most  uncertain  and 
treacherous  earth  to  be  met  with  in  excavating;  we  have  known  it 
for  many  months  to  stand  perpendicular  for  a  depth  of  40  feet,  and 
suddenly  slip  oflF,  determining  a  slope  of  3  to  1 ;  there  is  no  doubt, 
that  one  of  the  most  dangerous  practices  of  excavators  is  to  allow 
a  gullet  of  this  depth  and  nature  to  stand  for  a  great  length  of 
time  without  lightening  the  sides,  nor  should  it  under  any  circum- 
stances be  allowed.  A  thin  bed  of  clay  wiU  very  often  occasion 
the  slip  of  material  of  a  better  nature.  *  *  *  'When  a  slip 
has  once  fully  declared  itself,  there  is  little  left  but  to  submit  to 
the  circumstance,  and  to  form  the  slope  to  the  extent  determined 
by  the  slip  ;  except,  indeed,  in  the  case  of  buildings,  or  gardens, 
&c.,  when  we  must  have  recourse  to  retaining  walls  and  long  coun- 
terforts, with  a  good  system  of  drainage,  which  will  always  be 
found  indispensable ;  so  mucli  so,  that  no  good  results  can  be  ex- 
pected from  the  best  built  and  thickest  walls  witliout  it." 

"  The  best  materials  for  tlie  formation  of  embankments  are 
gravel  and  sand,  both  from  the  facilities  they  ofi'er  for  drainage, 
and  their  more  rapid  final  consolidation ; — soft,  shaly  earths  are 
unfavourable,  but  if  hard  and  dry  they  form  good  embankments, 
and  settle  well  at  slopes  of  1  to  1 ; — vegetable  earths,  or  what  is 
termed  soil,  must  be  entirely  rejected  for  the  embankment,  from 
their  being  so  easily  converted  into  soft  mud  ;  landowners,  how- 
ever, are  always  ready  to  carry  these  away,  but  care  should  be 
taken  to  preserve  a  sufficient  quantity  for  soiling  slopes,  as  when 
a  good  depth  of  soil  has  once  produced  a  strong  vegetation,  it 
forms  one  of  the  best  safeguards  to  slopes ; — clays  mixed  with  a 
quantity  of  stones,  are  by  no  means  a  bad  material,  and  if  dry, 
will  form  a  sound  embankment,  though  rather  long  in  consolidat- 
ing ; — wet  clay  is  as  bad  as  peat,  if  not  worse ;  it  should  never  be 
allowed  to  be  used  under  any  circumstance  whatever ;  a  few 
wagons  of  wet  clay,  tipped  in  a  deep  embankment,  will  do  more 
mischief  by  its  slipping,  and  saturating  all  other  materials  laid  on 
it,  than  one  or  even  two  thousand  of  good  stuff  will  rectify,  be- 
sides becoming  for  many  years  a  continual  source  of  settlement, 
and  perhaps  of  danger,  on  that  portion  of  the  line.  Where  the  less 
favourable  materials  must  be  employed  for  forming  embankments, 
it  is  as  well  to  make  an  exception  to  the  general  rule,  of  forming 
at  once  an  embankment  to  its  full  height  and  width,  and  to  leave 
a  few  feet  in  height  to  be  raised  up  with  drier  materials,  if  conve- 
niently at  hand;  isolated  masses  of  this  description  are  often  found 
in  excavations,  otherwise  of  very  inferior  materials,  which  may  be 
successfully  employed  for  this  purpose." 

Two  tables  are  given  at  the  end  of  this  chapter,  which  will  prove 
of  great  assistance  in  estimating  earthwork.  The  chapter  on 
setting  out  of  works  goes  very  completely  into  the  whole  subject, 
and  will  render  most  valuable  assistance  to  the  young  beginner ; 
indeed,  the  information  therein  contained  can  be  found  in  no  other 
book  than  the  one  before  us.  After  tables  of  experiments,  by 
George  Rennie,  Esq.,  on  tlie  strength  and  other  properties  of 
various  materials,  now  for  the  first  time  published,  are  given  the 
specification  and  drawings  of  a  very  elegant  and  scientifically, 
designed  laminated  arch,  over  the  river  Ouse,  on  the  East  Anglian 
Railway,  designed  by  J.  S.  Valentine,  Esq. ;  and  at  the  end  of  the 
book  are  placed  many  tables  of  a  useful  character. 


Facts  and  Evidence  Identifying  the  Authorship  of  the  Letters  of 
Junius.    By  John  Bbitton,  F.S.A. 

Mr.  Britton,  who  takes  in  a  wide  range  of  subjects  in  his  anti- 
quarian ken,  has  added  a  new  book  to  the  many  on  the  vexata 
questio  of  the  authorship  of  "  Junius."  He  favours  Colonel  Barre. 
This  discussion  does  not  come  within  our  scope, — but  it  does  to 
record  the  labours  of  one  wlio  has  contributed  so  much  to  archi- 
tectural literature. 
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Tnxh  Wants  atul  Pr/wfical  Rnnedien;  nn  Investigation  on  Practical 
and  Ei-nuimical  Grounds,  ns  to  the  Application  of  a  Gorernmcnt  System 
of  liailirai/s  in  Ireland.  By  Humphkey  Brown,  Esq.,  M.P.  Lon- 
don: Burnett,  1848. 

Many  of  our  readers  will  care  very  little  about  a  system  of  rail- 
ways for  Ireland,  thouf,'h  this  little  work  deserves  attention  for 
what  it  says  on  that  subject;  but  it  requires  notice  as  being  the  only 
attempt  yet  made  to  apply  statistically  to  a  cfiven  case  the  doctrine 
that  railways  can  be  made  by  means  of  existing  resources,  and  that 
they  are  of'a  reproductive  character.  An  additional  value  is  given 
to  it,  that  it  contains  the  latest  statistics  on  railway  subjects,  aud 
many  novel  ajiplications  of  them. 

Among  the  chief  points  discussed,  are  the  number  of  persons 
temporarily  employed  and  permanently  employed  ;  the  saving  and 
reiiroduction  on  agricultural  resources ;  the  effect  of  extending  the 
area  of  supply  by  extending  the  radius  of  communication  ;  the 
average  contribution  and  mileage  of  each  bead  of  traffic ;  the 
pecuniary  or  cajiital  resources  of  Ireland  ;  the  correspondence  be- 
tween traffic  estimates  aud  traffic  returns;  and  the  existing  traffic 
on  Irish  lines  of  road. 

The  following  is  a  curious  illustration  of  railway  economics,  and 
supplies  evidence  on  a  question  which  has  been  often  mooted  : — 

"  Mr.  Porter,  ill  the  new  edition  of  his  work  on  the  Progress  of  the 
Nation,  p.  30,  has  given  a  table  of  the  estimate  of  traffic  given  to  parlia- 
ment by  several  railways,  and  by  appending  to  tliem  the  actual  traffic  from 
the  returns  made  in  1845,  we  shall  be  able  to  see  how  far  the  estimates 
have  been  borne  out. 

The  estimates  for  the  railways  constitutiog  the  Midland  Railway,  are  as 
follows  : — 


Birmingham  and  Derby 
North  Midland 
Midland  Counties 


Passengers. 

145,747 
149,812 
255,424 


Cattle. 
7254 


Merchandise 
Slieep.       by  Land. 

Tods. 
27,105       14,547 

—  124,350 

—  12,948 


Coals 

by  Water 

Tons. 


285,000 


Total  estimated  550,985       7254       27,105       151,855     285,600 

Midland  liailway,  1845  1,809,145    30,000     120,000       371,154     313,854 

The  Midland  Railway  traffic  included,  likewise,  30,000  pigs,  and  £0,290 
tons  of  lime.  The  merchandise  carried  by  water  was  estimated  at 
255,738  tons,  and  this,  and  a  great  quantity  of  coals,  are  still  carried  by 
■water,  so  that  the  railway  has,  as  it  were,  created  an  amount  of  traffic. 

The  estimates  and  returns  for  the  Manchester  and  Leeds  Railway  stand 
thus : — 


Merchandise 

Total  Goods  by 

by  Land. 

Land  and  Water 

Tons. 

Tons. 

stimates 

207,588 

106,486 

358,958 

eturns 

l,(i74,946 

507,852 

— 

Thug  the  traffic  on  the  railway  is  greater  than  all  that  previously  moving 
by  land  and  water,  although  the  canal  traffic  is  as  great  as  before. 

The  estimates  and  returns  of  the  York  aud  North  Midland  Railway 
stand  thus : — 

Merchandise    Merchandise     Coal 
Passengers,      by  Land,      by  Water,    by  Water.    Cattle.  Sheep. 

Tons.  Tons.  Tons. 

Estimates         185,060  5547       95,100       98,000       63,000         110,600 

Returns  401,755      351,022  —  —  15,364  87,039 

The  traffic  in  this  case  resembles  that  of  the  Manchester  and  Leeds  in 
its  results. 

The  following  are  the  estimates  and   returns  of  various  other  rail- 
ways:— 


London  and  Brighton 
South  Eastern  (1847) 

Great  North  of  England 

Great  AVestern  and  Bristol 
and  Exeter  (1847) 

Lancaster  and  Preston 
Glasgow  and  Ayr 


Estimates 
Returns 
Estimates 
Returns 
(  Estimates 
(  Returns 
S  Estimates 
\  Returns 
i  Estimates 
(  Returns 
\  Estimates 
i  Returjio 


Passengerfl, 

220,444 
788,380 
317,252 

1,477,892 

75,158 

190,722 

821,145 

3,876,222 
100,957 
135,344 
597,470 
831,078 


Merchandise. 

by  Land. 

Tons. 

43,705 

65,747 

63,079 

204,100 

32,136 

234,198 

150,710 

371,326 


26,099 
121,027 
108,370 

on  account  of 


This  will  be  found  useful  as  a  book  of  reference, 
the  facts  and  figures  it  contains,  and  the  mode  in  which  they  are 
applied,  as  it  is  the  only  work  which  has  yet  embraced  the  subject 
of  railway  traffic  in  a  practical  and  comprehensive  manner. 


REGISTER    OF    NEVtT    PATENTS. 

REDUCTION  OF  COPPER  ORES. 

Charles  Low,  of  Roseberry-place,  Dalston,  Middlesex,  gentle- 
man, for  "  Improvements  in  the  manufacture  of  xinc,  cnpjier,  iin^  and 
other  metals." — Granted  November  4,  1847  ;  Enrolled  May  4,  1848 

The  title  of  this  patent  is  more  comprehensive  than  the  specifi- 
cation, as  the  patentee  disclaims  all  parts  of  the  title,  excepting 
that  relating  to  copper.  The  object  of  the  improvements  is  to 
quicken  the  manufacture  of  copper  from  its  ores,  and  to  diminish 
the  loss  of  metal.  In  reducing  the  ores  a  compound  is  employed, 
consistingof  oxide  of  manganese,  plumbago,  nitrate  of  potash,  nitrate 
of  soda,  or  lime,  and  carbon.  The  proportions  of  these  materials  the 
patentee  states  to  be,  oxide  of  manganese  forty-two  parts,  plum- 
bago eight  parts,  nitrate  of  potash,  nitrate  of  soda,  or  lime,  two 
parts,  and  carbon  fourteen  parts ;  the  carbon  to  be  used,  the 
patentee  prefers  to  be  either  anthracite  coal  or  wood  charcoal.  The 
mode  of  opei'ation  is  as  follows :  the  ore  is  roasted  in  the  usual 
manner  and  then  melted  ;  and  when  in  this  state,  the  composition 
of  the  four  materials  named  is  introduced  into  the  furnace  and 
well  mixed  with  the  melted  ore.  The  composition  is  introduced 
in  the  proportion  of  twenty-five  pounds  weight  to  one  ton  of  ore 
operated  upon,  .and  acts  as  a  flux.  The  slag  rises  more  rapidly 
than  ordinary  to  the  surface  of  the  melted  mass,  and  is  then  to  be 
skimmed  off.  When  the  workman  perceives  the  metal  is  in  a  suffi- 
ciently forward  state  of  manufacture,  a  second  quantity  of  the 
composition  in  equal  proportions  is  added,  and  the  mass  is  again 
stirred  and  skimmed.  Additions  of  the  composition  are  repeated 
if  necessary,  until  the  copper  is  in  a  sufficient  state  to  be  removed 
and  operated  upon  in  the  usual  manner.  Should  it  be  considered 
desirable,  the  composition  may  be  introduced  at  any  of  the  subse- 
quent meltings  of  the  ores,  either  in  addition  to,  or  without  being 
introduced  at,  the  first  melting.  The  patentee  does  not  confine 
himself  to  the  precise  proportions  specified  of  the  materials,  ncr 
to  the  precise  mode  of  operation  described,  but  claims  the  employ- 
ment of  the  compound  of  oxide  of  manganese,  plumbago,  nitrate  of 
potash,  nitrate  of  soda,  or  lime,  and  carbon. 


DRESSING  ORES  OR  MINERALS. 

William  Bruntom,  jun.,  of  Poole,  Cornwall,  civil  engineer,  for 
"  certain  apparatus  for  dressing  ores  or  minerals." — Granted  Novem- 
ber 16,  1847;  Enrolled  May  16,  1848. 

This  invention  consists  in  the  application  of  centrifugal  force 
combined  with  the  upward  impulse  of  water  in  the  dressing  of 
small  ores.  The  first  part  of  the  apparatus  consists  of  a  tank  from 
five  to  six  feet  square ;  within  this  is  fitted  a  sieve,  having  a  wove 
wire  or  perforated  metal  bottom,  the  apertures  being  adapted  in 
size  to  the  ore  about  to  be  dressed.  This  sieve  is  fixed  upon  an 
upright  shaft  or  spindle,  revolving  in  a  bearing  at  the  bottom,  and 
having  a  turned  journal  at  its  upper  end.  The  depth  of  the  annular 
margin  or  sides  of  the  sieve  is  about  eight  inches.  Immediately 
under  the  bottom  of  the  sieve  a  partition,  enclosing  about  one-third 
of  its  area,  crosses  the  tank,  and  having  communication  with  the 
discharge  pipe  of  a  force-pump.  On  the  opposite  side  of  the  tank 
is  a  receptacle  for  the  ore,  and  this  is  supplied  by  an  instrument 
termed  a  "  skimmer ;"  its  lower  end  forming  a  mouth,  and  equal 
in  breadth  to  the  semi-diameter  of  the  sieve  ;  the  stem  being 
hollow,  and  bent  at  a  certain  portion  of  its  length  (turning  down- 
wards), so  that  anything  passing  through  it  will  be  deposited  in 
the  receptacle  attached  to  the  tank.  A  rotating  motion  being 
given  to  the  sieve  by  means  of  wheels  and  pulleys  fixed  upon  thfi 
upper  end  of  the  upright  spindle,  and  the  sieve  being  charged  with 
ore  or  mineral  by  means  of  a  hopper  placed  above  it,  the  mouth  of 
the  skimmer  is  so  regulated  that,  as  the  whole  revolves,  the  water 
is  forced  upwards  through  the  sieve  by  the  action  of  the  force- 
pump.  The  ore,  by  excess  of  weight,  falls  through  the  bottom  of 
the  sieve  into  the  tank,  and  the  waste  is  carried  into  the  mouth  of 
the  skimmer,  in  consequence  of  the  rotating  force,  and  passes 
thence  through  the  pipe  or  stem  into  the  adjoining  receptacle. 
The  stream  of  water  which  is  carried  with  the  waste  returns  into 
the  tank,  and  is  sufficiently  clean  to  be  used  again.  The  area  of 
the  piston  of  the  pump  should  not  be  less  than  one-third  the  area 
of  the  sieve,  and  from  00  to  100  impulsions  should  be  given  by  the 
pump  before  the  skimmer  is  set  to  work ;  by  this  means  the  parti- 
cles are  raised,  separated,  and  adjusted  according  to  their  specifii; 
gravity  and  bulk.  Should  the  "  orey"  stuff  be  larger  than  the 
apertures  of  the  sieve,  the  feed  from  the  hopper  is  shut  off  by  a 
little  door  that  closes  its  mouth,  and  a  shoot  being  placed  on  or 
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under  the  lower  end  of  the  stem  of  the  skimmer  which  is  lowered 
to  take  up  the  ore,  it  then  passes  through  the  stem  into  any 
receptacle  ])laced  to  receive  it.  By  another  arrangement  of  the 
machine  the  skimmer  revolves  instead  of  heing  fixed,  and  traverses 
the  ore  at  a  regulated  depth  from  the  surface,  and  the  waste  is 
carried  by  tlie  rotating  force  and  the  stream  of  water  into  the 
skimmer,  and  from  thence  into  the  central  compartment,  from 
Whence  it  passes  down  the  hollow  shaft  into  the  receptacle  appointed 
to  receive  it.  The  second  part  of  the  invention  relates  to  a  method 
of  dressing  small  ore  and  sleines  of  ore.  A  hollow  frame  or  trunk, 
has  for  its  section  the  exterior  form  of  a  cone,  which  converges 
to  its  centre  from  the  extremes  of  its  base,  and  terminates  in  an 
aperture  having  a  cock.  To  this  centre  is  fixed  an  iron  arm  or 
step,  upon  which  the  whole  apparatus  revolves.  The  apex  is  formed 
like  a  goblet,  for  the  purpose  of  a  funnel,  into  which  the  small  ores 
are  poured.  On  each  side  or  limb  of  this  trunk  or  ludlow  frame 
are  attached  three  receptacles,  the  first  opening  from  tlie  trunk 
into  the  uppermost  one,  being  about  one-tliird  from  the  apex  or 
funnel ;  the  second  communicating  with  the  middle  one,  at  about 
two-thirds  from  the  apex  ;  and  the  third  at  the  angle  or  extremities 
of  the  base.  A  pulley  is  fixed  to  the  under  side  of  the  funnel,  by 
which  a  rotating  motion  is  imparted  to  the  whole  of  the  hollow 
frame,  and  the  small  ores  in  a  moistened  state  are  poured  into  the 
funnel,  and  pass  down  the  hollow  trunk.  The  centrifugal  force  of  the 
revolving  trunk  causes  the  heaviest  of  the  ores  to  ha  discharged  at 
tlie  upper  opening  into  the  adjoining  receptacle  ;  the  next  less  in 
size  into  the  middle  one,  and  the  least,  or  sleines,  into  the  lower 
one.  The  water  which  passes  into  the  trunk  with  the  small  ore  or 
sleines  of  ore,  is  discharged  by  means  of  the  cock  at  the  base, 
immediately  above  the  step  upon  which  the  whole  revolves.  When 
the  receptacles  are  full,  the  small  doors  in  front  of  each  are  removed, 
and  the  ores  are  taken  out  and  placed  in  the  usual  bins,  according 
to  their  various  sizes.  The  patentee  claims — first,  the  conveying 
the  ores  and  waste  into  another  receptacle  over  the  annular  margin 
of  the  sieve,  by  means  of  a  skimmer-pipe  and  stream  of  water ; 
secondly,  the  application  of  the  force-pump ;  and  thirdly,  the 
application  of  centrifugal  force  for  producing  artificial  gravitation- 


MANUFACTURE  OF  PIGMENTS. 

William  Edward  Newton,  of  Chancery- lane,  for  ^'•Improvements 
in  the  mode  or  modes  of  manufacturing  or  preparing  certain  matters  to 
be  employed  as  pigments."  (A  communication.) — Granted  Novem- 
ber 16,  184.7  ;  Enrolled  May  16,  1848. 

This  invention  relates  to  the  manufacture  of  zinc-white,  zinc- 
yellow,  and  zinc-green, though  it  is  principally  directed  to  the  forma- 
tion of  zinc-white,  the  other  pigments  having  been  the  subjects  of  a 
former  patent.  The  processes  are  described  at  gi-eat  length  in  the 
specification,  but  the  claims  of  the  patentee  will  sufficiently  explain 
the  nature  of  the  proposed  improvements.  He  claims — First,  the 
distillation  of  metallic  zinc,  of  oxide  of  zinc,  or  zinc  ore,  by  one  of 
several  means  mentioned.  Second,  the  application  of  furnaces 
similar  to  glass  furnaces  and  coke  ovens,  and  the  modification  of 
them  respectively  in  order  to  fit  them  for  the  purpose  of  manufac- 
turing zinc-white.  Third,  the  construction  of  furnace,  formed  of 
two  cylindrical  tubes  placed  side  by  side  with  furnaces  or  fire- 
places formed  in  the  lower  part  of  the  brick-work.  Fourth,  the 
isolating  the  retorts  from  each  other  and  also  cutting  off  the  com- 
munication between  the  retorts  and  the  oxidizing  chamber  when 
required.  Fifth,  the  employment  of  suitable  apparatus  for  cleansing 
the  mouths  of  the  retorts  without  being  obliged  to  enter  the  oxidiz- 
ing chamber.  Sixth,  the  arrangement  of  apparatus  by  which  the 
retorts  may  be  charged,  cleansed,  and  replaced,  or  submitted  to 
any  operation  required,  without  interfering  with  the  oxidizing 
chamber.  Seventh,  the  application  or  employment  of  blast  furnaces 
for  the  production  or  manufacture  of  zinc-white  or  oxide  of  zinc, 
whether  such  furnaces  are  circular  or  of  any  other  suitable  form, 
and  whether  they  are  constructed  and  arranged  in  a  vertical, 
inclined,  or  horizontal  position.  Eighth,  the  employment  or  intro- 
duction of  currents  of  air  into  an  o.xidizing  or  other  chamber,  for 
the  purpose  of  converting  the  metallic  vapours  of  zinc  into  zinc- 
white  or  oxide  of  zinc  ;  also  the  employment  of  an  exhaustion-tube 
or  blowing-apparatus  for  conducting  the  metallic  vapours  to  the 
oxidizing  chamber.  The  patentee  claims  also  the  employment  of 
wire-gauze  or  sieves  for  sifting  the  products  ;  also  the  arrangement 
of  vessels  for  receiving  the  heaviest  portions  of  products.  Ninth, 
the  arrangement  of  the  oxidizing  chambers  so  as  to  aUow  of  the 
products  being  collected  without  the  necessity  of  entering  them. 
Having  described  all  that  appertains  to  the  manufacture  and  man- 
ner of  collecting  zinc-white,  the  patentee  next  proceeds  to  an 
explanation  of  that  part  of  the  invention  which  relates  to  the 


yellow  of  zinc  and  green  zinc.  As  the  manufacture  of  zinc-yellow 
forms  the  subject  of  a  previous  patent,  he  merely  remarks  that 
hydrochloric  acid  may  be  used  instead  of  sulphuric  acid.  To  form 
zinc-green,  yellow  (having  been  produced  by  the  patented  process,) 
is  diluted  with  a  suitable  quantity  of  water,  and  mixed  witli  a  cer- 
tain quantity  of  prussian  blue  (previously  mixed  with  a  suitable 
quantity  of  water,  oil,  or  otlier  appropriate  liquid),  either  in  a  hot 
or  a  cold  state.  Green  of  zinc  will  thus  be  formed,  the  colour  of 
which  will  be  as  durable  as  the  blue  itself.  These  pigments  may 
be  employed  for  painting  of  any  kind. 


SMELTING  COPPER  ORES. 

William  Bibkiuyre,  of  Southdown,  Cornwall,  for  "  Improve- 
ments in  smelting  copper  and  other  ores." — Granted  November  16, 
1847  ;  Enrolled  May  16,  1848. 

The  chief  object  of  this  invention  is  to  remove  the  nuisance 
arising  from  the  sulphuric  and  sulphurous  acid  vapours,  and  from 
the  vapours  of  arsenic,  during  the  smelting  of  copper  ores.  The 
process  is  thus  described  : — A  double  iron  pyrites  kiln  is  constructed 
upon  the  usual  principles,  the  ash-pits  being  furnished  with  a 
leaden  cistern,  filled  with  water,  to  abate  the  nuisance  arising  from 
the  sulphurous  and  arsenious  acids,  when  drawing  out  the  mundic 
ashes.  Over  the  charging-door  for  the  mundic,  is  an  air-hole, 
provided  with  a  damper,  to  regulate  the  passage  of  the  oxygen 
necessary  for  combustion.  The  size  of  the  double  iron  pyrites 
kUn  should  be  13  feet  long,  7  feet  4  inches  wide,  and  "8  feet  high, 
and  each  furnace  should  be  5  feet  in  diameter,  and  of  an  octagonal 
form,  lined  with  fire-bricks.  Above  the  charging-door  for  the 
mundic,  resting  on  two  or  three  bars,  is  a  tray,  made  of  iron  or 
copper,  4,  feet  6  inches  long,  3  feet  6  inches  \ride,  and  having  a 
rim  round  it  three  or  four  inches  deep.  This  is  so  placed  as  to 
enable  the  air  and  acids  to  pass  freely  out  of  the  top  of  the  furnac* 
into  a  vitriol  chamber,  which  is  placed  over  the  kUns.  The  vitriol 
chamber  should  be  150  feet  6  inches  long,  11  feet  3  inches  wide, 
and  e  feet  deep,  divided  into  three  compartments,  technically  called 
"  bottoms."  The  acid  in  that  compartment  nearest  to  the  kiln 
being  impure,  should  be  kept  apart,  but  the  acid  in  the  second 
and  third  compartments  will  be  found  to  contain  good  vitriol. 
These  pair  of  kilns  will  be  found  capable  of  producing  two  tons  of 
copper  per  diem,  by  means  of  mundic,  and,  at  the  same  time,  of 
three  tons  of  vitriol  of  a  specific  gravity  of  1-847.  The  copper  ore 
being  broken  into  pieces,  about  the  size  of  walnuts,  is  put  into  the 
tray  by  means  of  a  shovel  or  hopper  (the  furnace  being  charged 
with  iron  pyrites  and  previously  kindled).  After  a  lapse  of  six 
hours  the  other  kiln  is  to  be  charged  in  like  manner,  and  so  on 
alternately.  For  every  8  cwt.  of  mundic  ashes  withdrawn,  add  a 
charge  of  10  cwt.  of  mundic  containing  40  per  cent,  of  sulphur,  as 
for  every  32  parts  of  sulphur  it  loses,  it  gains  only  12  parts  of 
oxygen ;  but  in  copper  ores,  if  the  process  is  carefully  completed, 
it  gains  as  much  in  oxygen  as  it  loses  in  sulpliur  ;  some  copper  ores 
it  is  stated  will  gain  as  much  as  four  per  cent.  About  li  cwt.  of 
ore  should  be  placed  in  the  tray,  and  the  charge  should  be  sj>read 
out  into  a  body  of  from  one  to  two  inches  thick,  which  should  be 
turned  over  now  and  then,  in  order  that  every  part  of  it  should  be 
exposed.  Alter  being  submitted  to  the  process  for  one  hour,  it  is 
to  be  turned  into  a  leaden  cistern,  supplied  with  hot  water  from 
the  cooling  cisterns  underneath  the  kilns,  to  undergo  the  process 
of  lixiviation.  The  tray  is  then  again  charged  with  ore,  and  the 
process  is  continued.  It  requires  two  roastings  and  lixiviation  by 
the  electro-metallurgic  process  to  obtain  the  pure  copper.  Another 
method  of  calcination  is,  when  the  pulverized  copper  pyrites  are 
exposed  in  the  tray,  pour  upon  them  a  hot  solution  of  nine  parts 
of  saltpetre,  and  eight  parts  of  cubic  nitre,  or  16  per  cent,  of  salt- 
petre and  10  per  cent,  of  vitriol,  or  equal  quantities  of  saltpetre 
and  vitriol  to  half  the  quantity  of  the  ore.  By  this  system,  the 
deutoxide  of  nitrogen,  necessary  for  making  vitriol  on  a  lai-ge 
scale,  is  separated,  and  the  oxidation  of  the  ores  accomplished. 
The  patentee  claims— First,  the  roasting  separately  common  ores 
of  copper  and  other  metals,  by  exposing  them  in  an  open  vessel  in 
a  muudic-kiln,  so  that  the  vapours  shall  freely  mix  with  the  vapours 
of  combustion  of  the  iron  pyrites,  and  be  condensed  at  the  same 
time  in  the  vitriol  chamber.  Secondly,  the  separating  simulta- 
neously the  deutoxide  of  nitrogen,  for  the  vitriol  chamber,  with  the 
oxidation  of  the  ores,  by  saltpetre  or  cubic  nitre.  Thirdly,  the 
supplying  the  vitriol  chamber  with  steam,  by  using  saltpetre  or 
cubic  nitre ;  and,  fourthly,  the  action  of  sulphuric  acid  upon  the 
ores,  either  before  or  after  they  have  been  freed  from  the  sulphate 
and  arsenic  of  potash  and  soda. 
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ROTARY  ENGINES. 

Israel  Kinsman,  of  Lud^ate-hill,  London,  merchant,  for  "  7m- 

provementx  in  the  con.itnirtion  nfrntary  engines,  to  be  worked  hi/  stenm, 
air,  or  other  e/a.t/ic  fluid."  (A  coninuiuication.) — Granted  Novem- 
bor  11,  1817  ;  Enrolled  May  11,  181-8. 

The  principal  feature  in  this  form  of  rotary  engine  is  a  "  piston 
wheel,"  provided  with  any  desired  number  of  pistons  upon  its 
periphery.  The  pistons  are  formed  radially  from  the  centre  of  the 
piston-wheel,  and  hear  and  work  against  the  interior  of  a  stationary 
cylinder.  From  tlie  curved  peripliery  of  the  piston-wheel  to  the 
interior  of  t!ie  stationary  cylinder,  there  are  stops  which  pass  into 
the  cylinder,  the  ends  of  which  hear  against  the  jieriphery  of  the 
piston-wlieel  or  thei)istons,  and  thereby  render  that  portion  steam- 
tight.  The  peculiar  form  of  the  pist(ms  enables  the  stops  gradually 
to  recede  from  the  interior  of  the  cylinder  until  they  become  flush 
with  the  interior  surface  of  the  cylinder,  and  thereby  allow  the 
pistons  to  pass  them  without  (d)struction.  Immediately  that  a 
piston  has  passed  a  stop,  the  stop  is  again  projected  into  the 
cylinder  to  act  as  a  surface,  against  which  the  steam  acts  to  propel 
the  piston-wheel  forward.  The  patentee  claims — first,  the  em- 
ployment of  the  piston-wheel,  upon  wliich  tlie  number  of  pistons 
shall  always  he  one  more  than  the  mimher  of  steam-stops  on  the 
cj'liuder,  there  being  one  steam-port  and  one  exhaust-port  to  each 
steam-stop  ;  the  steam  acting  upon  one  or  more  pistons  at  the 
same  time.  Secondly,  the  mode  of  moving  the  slides  or  steam- 
stops  by  a  cam  or  cams,  corresponding  in  form  to  the  periphery  of 
the  piston.  Thirdly,  the  connecting  all  the  steam-ports  with  the 
steam-pipe,  so  that  steam  shall  have  access  to  the  cylinder  at  the 
same  time,  by  the  pistons  passing  the  ports.  Fourthly,  the  con- 
necting all  the  exhaust-ports  with  the  main  exhaust-])ipe,  so  that 
steam  may  he  exhausted  from  all  the  ports  of  the  cylinder  at  the 
same  time  by  the  pistons  passing  the  ports.  Fifthly,  the  connect- 
ing all  the  ports  with  the  steam-pipe,  by  a  branch-pipe  provided 
with  a  suitable  shut-off  valve,  and  also  connecting  all  the  exhaust- 
ports  with  an  exhaust-pipe,  by  a  branch-pipe,  also  provided  with  a 
suitable  shut-otf  valve.  Sixthly,  the  mode  of  packing  the  pistons 
by  means  of  a  central  metal-piece  acting  against  two  side  pieces, 
having  bevelled  edges. 


COMBUSTION  OF  FUEL. 

Richard  Coad,  of  Kennington,  Surrey,  chemist,  for  "  lynprove- 
menta  in  the  eonibustion  of  fuel  and  in  applying  the  heat  so  obtained." 
Granted  November  25,  isi?  ;  Enrolled  May  25,  1848. 

The  object  of  the  first  part  of  this  invention  is  to  divide  the 
gases  and  the  smoke  resulting  from  the  combustion  of  fuel  in  the 
furnace  into  numerous  small  streams,  by  causing  them  to  pass 
through  ajiertures  in  the  heated  fire-bricks  or  lumps  before  they 
pass  into  the  chimney.  The  great  heat  of  the  fire-bricks  thus 
effectually  ignites  the  unconsumed  gases  and  smoke.  The  fire- 
lumps  enclose  the  fire-place  at  the  sides,  the  end,  and  at  the  top, 
through  the  whole  of  which  are  made  the  apertures  or  openings 
which  open  to  the  general  flue  common  to  all.  There  is  also  an 
aperture  over  the  fire-door  to  be  regulated  at  pleasure,  for  the 
purpose  of  admitting  a  supply  of  atmospheric  air  in  a  heated  or 
other  state  above  the  fire-bars  for  assisting  the  combustion  of  the 
fuel  and  the  gaseous  products.  The  second  part  of  the  specification 
relates  to  reverberatory  furnaces,  and  consists  in  supplying  through 
numerous  apertures  in  the  sides  and  the  ends  of  such  furnaces 
above  the  fire-bars,  any  requisite  supply  of  atmospheric  air  in  a 
heated  or  other  state,  for  tlie  purpose  of  more  effectually  accom- 
plishing the  combustion  of  the  fuel  in  the  fire-place, — the  mode 
of  construction  described  by  the  patentee  being  to  form  a  passage 
or  channel  around  three  sides  of  the  furnace,  the  fourth  being  open 
to  the  hearth  of  the  furnace ;  this  passage  or  channel  is  formed 
within  the  brickwork  of  the  furnace.  The  portion  between  the  fire- 
place and  the  passage  being  of  fire-bricks  or  lumps,  it  is  througli 
these  fire-bricks  or  lumps  that  the  apertures  are  made  through 
which  the  supply  of  air  is  admitted  from  the  passage  to  the  fire- 
place above  the  fire-bars.  Tlie  patentee  states  he  is  perfectly 
aware  that  atmospheric  air  has  before  been  admitted  into  various 
descriptions  of  furnaces  above  the  fire-bars ;  but  it  has  not  hitherto 
been  so  employed  and  admitted  with  resjiect  to  reverberatory  fur- 
naces. The  third  improvement  noticed  in  the  specification  relates 
to  a  more  effectual  and  more  economical  arrangement  of  apparatus 
for  the  heating  of  water,  and  for  the  warming  of  rooms  or  buildings. 
This  improvement  consists  in  the  mode  of  arranging  the  bars  at 
the  b.ack  of  the  grate  or  fire-place  to  prevent  the  fire  from  lying 
immediately  against  the  tubes  containing  the  water.     Tliere  are  a 


top  and  a  l)ottom  vessel  connected  together  by  these  rows  of  verti- 
cal pipes  or  tubes,  through  the  interior  of  which  there  is  a  com- 
munication between  the  vessels.  From  these  vessels  pipes  commu- 
nicate to  warm  apartments,  buildings,  or  to  other  similar  apjiaratus. 
The  rows  of  vertical  pipes  or  tubes  connecting  the  vessels  are 
placed  immediately  at  the  back  of  the  fire-place,  the  flame  and 
heated  air  passing  amongst  them  in  its  way  to  the  chimney  in  front 
of  the  rows  of  pipes  ;  and  between  the  fire-place  and  the  pipes  are 
bars  for  the  purpose  of  preventing  the  fire  from  acting  inunediately 
against  them.  These  bars  are  placed  in  vertical  ]iositions  ;  the 
horizontal  section  being  convex  in  front  against  the  fire  and  angular 
behind  next  to  the  pipes,  they  prevent  the  contact  of  the  fire  with 
the  jiipes ;  these  bars  may  be  composed  of  fire-clay  or  of  metal, 
but  the  ])atentee  prefers  the  former.  Above  the  fire-place,  the 
fnmt  of  the  flue  or  chimney  is  perforated  or  pierced  with  a  number 
of  small  apertures,  for  tlie  purpose  of  admitting  air  to  assist  the 
action  of  the  apparatus. 


MANUFACTURE  AND  PRESERVATION  OF  TUBES. 

PiERE  Armand  le  Comte  de  Fontainemoreau,  of  South-street, 
Finshury,   for  "  cirtain  Improvements  in  tlie  process  and  machinery 
for  making,  uniting,  and  preserving  metallic  and  other  tubes  or  pipes. 
Granted  November  18,  ISt? ;  Enrolled  May  18,  1848. 

The  specification  of  this  invention  is  extremely  minute  in 
describing  the  different  processes  of  manufacturing  and  preserving 
pipes,  and  the  patentee  claims  seven  distinct  improvements,  the 
enumeration  of  which  claims  will  give  a  general  idea  of  their 
character.  The  invention  consists,  first,  in  making  and  uniting 
metallic  pipes  simultaneously,  by  acting  over  the  top  or  head  of 
the  rivet.  Secondly,  soldering,  laterally,  galvanised  iron,  leaden, 
and  tinned  pipes,  (either  riveted  or  clasped,)  by  means  of  a  long 
thread  or  fillet  of  solder.  Thirdly,  uniting  metallic  pipes  by  means 
of  a  certain  improved  clasp.  Fourthly,  uniting  metallic  pipes  by 
inserting  in  the  clasps  employed  for  the  purpose  certain  compressi- 
ble substances  for  preventing  the  escape  of  gas  and  fluids.  Fifthly, 
uniting  metallic  pipes,  by  using  a  helix  for  elbowing  without 
flattening  the  leaden  elbow.  Sixthly,  preserving  metallic  and  non- 
metallic  pipes  by  the  application  of  resinous  matters,  fatty  bodies, 
and  chalk.  Seventhly,  in  the  process  of  preserving  iron  and  cast- 
iron  pipes  from  oxidation  by  means  of  galvanic  action. 


CASTING  WROUHT-IRON. 

M''h,liam  Rocke,  of  Dudley,  Worcestershire,  for  "  a  new  mode 
of  treating  and  appli/ing  wrought-iron." — Granted  November  18, 
184.7;  Enrolled  May' 18,  1848. 

The  object  of  this  invention  is  to  obtain  the  form  required 
which  the  facility  of  casting  affords,  retaining  at  the  same  the 
qualities  of  wrought-iron.  Having  previously  prepared  the 
moulds  in  a  similar  manner  to  that  adopted  in  the  moulding 
articles  when  made  of  cast-iron,  the  melted  wrought-iron  is  to  he 
run  into  the  mould.  The  articles  are  then  of  a  brittle  nature,  and 
deficient  of  malleable  properties,  to  impart  which  the  patentee  next 
proceeds  to  treat  or  anneal  them  in  an  annealing  furnace.  For 
this  purpose  the  articles  are  piled  in  an  iron  box  lined  with  fire- 
bricks, leaving  sufficient  room  to  surround  the  articles  with  a 
quantity  of  Cumberland  red  ore,  or  other  iron  ore,  or  charcoal 
reduced  to  a  fine  powder,  the  articles  being  so  completely  covered 
as  to  prevent  all  admission  of  the  air.  In  this  state  they  are  to  be 
subjected  to  the  required  heat  for  a  suflficient  length  of  time  to  give 
the  required  malleability,  in  which  great  care  must  be  observed 
by  the  workman,  and  until  he  has  sufficient  practice  to  perform  it 
without,  it  is  advisable  to  employ  a  small  bar  or  trial-rod  composed 
of  the  same  metal,  which  may  be  withdrawn  from  time  to  time,  to 
ascertain  the  state  of  the  iron  and  detect  the  completion  of  the 
process,  when  the  articles  may  be  removed.  When  the  density 
and  close  compactness  of  texture  obtained  by  the  use  of  wrought- 
iron  is  not  required,  he  mixes  a  proportion  of  cast-iron  therewith, 
according  to  the  quality  or  texture  of  metal  necessary  for  the 
article  proposed,  but  in  no  case  to  exceed  the  weight  of  wrought- 
iron  used ;  and  when  it  is  necessary  to  impart  to  the  articles 
manufactured  the  nature  and  temper  of  steel,  he  mixes  with  the 
wrought-iron  a  portion  of  cast-steel,  but  in  no  case  to  exceed  the 
weight  of  wrought-iron  employed.  These  mixtures  of  wrought 
and  cast  iron,  or  wrought-iron  and  cast-steel,  being  melted,  are  to 
be  cast  in  nunilds,  and  treated  or  annealed  in  the  same  manner  as 
that  described  for  the  manufacture  of  articles  entirely  of 
wrought-iron,  when  they  will  be  found  to  have  acquired  the  mal- 
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leable  propertiei;  required.  The  patentee  does  not  claim  as  of  liis 
invention  the  melting  of  wrought-iron,  this  having  been  practised 
already  to  a  limited  extent ;  but  he  claims  the  treating  and  apply- 
ing HTOught-iron  by  melting  the  same  by  itself,  or  with  a  mixture 
of  cast-iron  or  steel,  and  the  reproducing  malleability  in  the 
castings  of  the  molten  iron  by  annealing  them  in  tlie  manner  de- 
scribed. 


INLAYING  METALS. 

Cyprien  Marie  Tbssie  Du  Motay,  of  Paris,  for  "  Improvements 
in  inlaying  and  coating  metals  with  X'arioiis  substances." — Granted 
November  4-,  1847  ;  Enrolled  jVIay  4,  18-18. 

The  specification  of  this  patent  is  exceedingly  verbose,  and  it 
consists  of  fifteen  articles,  showing  different  modes  in  which  the 
invention  may  be  applied.  The  object  of  the  invention  is  to  pro- 
duce ornamental  designs  on  various  articles,  by  depositing  metal 
thereon  after  the  articles  have  been  properly  prepared  by  marking 
or  cutting  out  the  intended  design ;  and  which  articles,  when 
finished,  have  the  appearance  of  being  richly  ornamented  with 
inlaid  work.  This  method  of  ornamenting,  by  inlaying  in  metal, 
is  known  in  France  as  "  damasquinerie." 

The  work  produced  by  this  invention  is  very  durable,  and  not 
liable  to  be  worn  away  by  cleaning  or  friction ;  it  being  quite  equal 
in  solidity  to  the  inlaid  work  produced  by  the  ordinary  means, 
and  even  superior  in  point  of  finish. 

Before  depositing  the  metals  intended  to  form  the  design,  the 
patentee  commences  by  producing  designs,  either  in  intaglio  or  in 
relief,  upon  the  body  of  the  article  to  be  ornamented,  those  parts 
where  no  metal  is  to  be  deposited  being  coated  with  a  varnish. 

AVhen  an  inlaying  of  one  metal  only  is  required,  the  patentee 
proceeds  as  follows : — The  metal  is  first  cleansed,  and  then  im- 
mersed in  a  bath  of  the  metal,  to  be  deposited  by  tlie  galvanic 
current.  When  the  metal  has  been  deposited  to  a  thickness  equal 
to  the  depth  of  the  hollow  parts  of  the  design,  it  is  withdrawn 
from  the  solution  and  washed  in  water,  and  dried  with  sawdust,  or 
by  any  other  convenient  means,  and  the  daniaskened  surfaces  are 
laid  bare,  by  means  of  freestone,  or  by  filing,  scraping,  or  by  any 
other  means  which  will  remove  the  layer  of  superfluous  metal,  in 
order  to  uncover  the  inlaid  or  daniaskened  work. 

Damaskenes  or  inlaying  in  several  metals  may  also  be  produced 
by  means  of  pressure.  For  this  purpose,  a  piece  of  metal,  with  an 
even  surface,  is  covered  without  soldering,  either  by  immersion  or 
by  electro-deposition,  with  several  coats  of  different  metals  ;  each 
of  these  layers  is  of  a  certain  thickness,  according  to  the  depth  of 
the  parts  of  the  die  which  are  in  relief.  The  last  coating  being 
deposited,  the  piece  is  to  be  withdrawn  from  the  last  solution, 
washed,  and  wiped  dry.  AV^hen  dry,  it  is  to  be  submitted  to  the 
action  of  pressure  or  stamping  by  means  of  dies  or  matrices,  the 
intaglio  parts  of  which  are  of  equal  depth  and  the  reliefs  of  dif- 
ferent heights,  or  reliefs  of  equal  heights  and  intaglios  of  various 
depths.  These  must  be  calculated  in  such  a  manner,  that,  by 
reason  of  the  penetration  of  the  projecting  parts  of  the  die  to  a 
greater  or  less  depth,  the  layers  of  metal  (being,  in  certain  parts, 
thereby  driven  to  gi'eater  or  less  depths)  may,  on  the  surface  being 
laid  bare,  be  of  the  same  level  as  the  inlaid  surface. 

In  order  to  produce  devices  or  ornaments  to  be  inlaid  in  wood, 
marble,  &c.,  by  the  ordinary  means,  the  patentee  proceeds  as  fol- 
lows : — He  takes  a  plate  or  sheet  of  any  metal,  and  coats  it,  first, 
with  a  layer  of  copper,  of  suitable  thickness  ;  then  with  a  coating 
of  zinc  ;  and  upon  that  anotlier  of  copper  :  and  so  on  until  the 
desired  thickness  is  obtained.  As  tlie  successive  coats  of  metal 
entirely  cover  the  tin  core,  parallel  layers  of  metal  are  thus  ob- 
tained, which  differ  from  eacli  other,  both  as  regards  the  dift'erent 
kinds  of  metal  and  their  various  thicknesses.  On  cutting  the 
sheet  thus  produced  into  thin  strips,  in  the  direction  of  its  thick- 
ness, designs  will  be  produced  consisting  of  parallel  lines  of  tin, 
copper,  and  zinc.  With  regard  to  other  devices  or  ornaments, 
such  as  roses,  stars,  circles,  &c.,  these  can  be  produced  by  taking 
a  metal  core,  of  a  certain  length,  either  solid  or  hollow,  and  of  the 
form  desired  to  be  produced,  and  coating  it  with  successive  and 
alternate  layers  of  different  metals ;  and  when  these  deposits  have 
been  made  to  the  required  thickness,  they  are  cut  into  thin  discs. 
If  tlie  core,  of  whatever  form,  or  metal,  be" solid,  the  parallel  layers 
of  metal  will  only  be  on  its  outside ;  but  if  it  be  hollow,  they  will 
also  be  inside,  as  the  metal  will  be  deposited  on  both  sides. 


HYDRAULIC   LIFTING-JACK. 

Registered  by  Mr.  Simmons,  and  Manufactured  by  Messrs.  Thorn- 
ton and  Sons,  of  Birmingham. 

Under  the    head  of  the  proceedings  of  the  Institution  of  Me" 

chanical  Engineers  a* 
Birmingham,  in  the 
Journal  for  March  last 
(page  87),  we  gave  a 
short  account  of  this 
jack,  and  now  are  en- 
abled to  give  an  en- 
graving of  it,  which, 
better  explains  its  use. 
It  is  stated  by  the  in- 
ventor, that  one  man 
with  the  jack  can  lift 
from  15  to  20  tons. 

A  is  a  hollow  vessel 
forming  the  base  of 
the  jack,  and  also  a 
reservoir  for  the  water. 
B,  the  cylinder  ;  C,  the 
ram  ;  D,  the  pump  ;  E, 
the  plunger  ;  F,  the 
slide  ;  G,  the  pump- 
levers;  H  conicalpointed 
pin  ;  I,  a  small  air-tap. 
Before  using  the  jack, 
tighten  the  pin  H, 
and  open  the  air-tap 
I,  When  it  is  requi- 
site to  lower  the 
weight,  slacken  the  pin 
H.  When  tlie  jack  is 
not  in  use,  close  the 
air-tap  I.  Should  the 
water  get  too  low, 
take  out  the  tap  I, 
and  fill  the  cistern 
when  the  ram  is  down. 
The  ram  can  lie  pressed 
down  by  hand  when 
'iLjJi  ^W"  g  the  pin  H  is  slack. 

Scale,  2  inches  to  1  foot. 

For  the  purpose  of  increasingjthe  leverage  of  the  pump-lever 
G,  an  iron  bar  about  3  feet  long,  with  a  socket  at  one  end,  is 
fitted  on  to  the  lever  .G. 


Mr.  WHISHAW'S  TELEGRAPHIC  INVENTIONS. 

We  were  present  in  the  course  of  last  week  at  a  pri\ate  view  of 
the  numerous  contrivances  invented  by  Mr.  AVhishaw  for  tele- 
graphic communications.  A  great  part  of  these  in\entions  apply 
only  to  the  communications  at  short  distances,  and  of  these  an 
improved  speaking  tube  is  the  most  readily  available.  The  im- 
pro\ements  consist  in  using  gutta-percha  tubes  of  various  diame- 
ters, and  in  applying  removable  whistles  at  each  end,  to  afford  a 
convenient  means  of  calling  attention  when  a  communication  is  to 
be  made.  In  a  tube,  two  hundred  feet  long,  coiled  round  so  that 
the  two  extremities  were  near  each  other,  the  facility  with  which 
sound  is  transmitted  was  very  strikingly  exemplified.  The  slight- 
est effort  of  the  breath  sounded  a  whistle  instantaneously,  and  by 
blowing  at  one  end,  a  musical  instrument  was  played  at  the  other 
as  readily  as  if  it  had  been  applied  to  the  mouth. 

The  chief  peculiarity  of  the  telegraphs  exhibited,  is  the  applica- 
tion of  moveable  "  codes"  to  the  face  of  the  same  instrument ; 
each  code  consisting  of  all  conceivable  questions  and  answers  on 
any  given  subject.  The  fixed  dial  contains  the  letters  of  the  al- 
phabet, the  titles  of  the  codes  to  be  referred  to,  and  several  ques- 
tions and  answers  of  common  occurrence,  or  most  likely  to  facili- 
tate the  communications.  The  index  of  the  dial  may  be  moved  by 
electrical  agency  or,  for  short  distances,  by  mechanism,  to  be 
worked  by  the  hand ;  and  when  the  subject  matter  contained  in 
any  of  the  codes  is  to  be  communicated,  the  operator  causes  the 
index  to  point  to  that  code  marked  on  the  dial.  The  codes  are 
printed  on  large  card-boards,  and  have  circular  apertures  in  the 
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centre,  through  whicli  the  index  and  dial  can  be  seen  when  placed 
on  the  instrument.  The  questions  and  answers  are  printed  radi- 
ally, so  that  a  p-eat  number  are  contained  witliin  tlie  rang:e  of  the 
index  in  its  circuit ;  and  as  it  stops  at  any  one,  a  whole  sentence 
may  be  at  once  indicated.  Should  any  word  not  on  tlie  code  be 
required,  the  index  is  made  to  point  to  the  word  "  spell,"  and 
afterwards  it  indicates  the  letters  of  the  alphaliet  that  form  the 
word  to  be  communicated.  One  plan  of  operating  is  by  water- 
level  indicators,  tlie  water  in  two  vertical  tubes  being  elevated  or 
de))ressed  till  it  sto])s  at  the  signal  wanted.  Another  telegraph, 
whicli  however  requires  great  delicacy  in  the  manipulation,  con- 
sists of  two  chronometers,  each  of  which  has  a  hjng  second  hand 
pointing  to  radially-placed  words  and  sentences  on  the  dial.  It  is 
essential  to  tlie  accuracy  of  the  working,  that  the  two  cjironome- 
ters  should  mo\-e  syclironously,  for  if  there  be  the  least  deviation, 
it  would  transmit  incorrectly.  Supposing  that  the  hands  on  the 
two  dials  at  a  distance  from  each  otlier,  are  always  pointing  to  the 
same  words,  in  their  re\olutions, — whenever  the  transmitting 
instrument  points  to  the  sentence  required,  the  operator  is  in- 
stantly to  sound  a  bell  at  the  distant  station  by  means  of  electri- 
city ;  and  the  observer  there  must  notice  at  what  sentence  the 
hand  is  pointing  when  the  bell  sounds.  If  both  operators  be  not 
very  prompt  in  making  and  obser^•ing  the  signals,  a  wrong  message 
would  be  communicated.  This  difficulty,  however,  Mr.  vFhishaw 
thinks  may  be  overcome,  and  he  has  had  mueli  practical  acquaint- 
ance with  the  difficulties  in  irorking  telegraplis  during  a  connec- 
tion of  some  duration  with  the  Electric  Telegraph  Company. 


tects  invariably  show  themselves  to  be  the  most  pluckless  race 
imaginal)le.  Whenever  their  own  personal  interests  are  touched, 
or  at  all  endangered,  they  are  generally  sensitive  enough;  but 
when  it  is  only  the  credit  of  their  art  and  their  profession  that  is 
concerned,  they  sliow  themselves  to  be  the  most  torpid  .anil 
sluggish  of  mortals. 

Zebo. 


THE  "  ART-JOURNAL"  versus  ARCHITECTURE. 

Not  content  with  excluding  architecture,  and  all  notice  of  it 
from  his  columns,  although  he  brings  mere  industrial  art,  as  it  is 
called,  prominently  forward,  showing  munerous  specimens  of  it  in 
every  number  of  his  publication,  the  majority  of  which  are  calcu- 
lated to  diffuse  exceedingly  bad  taste  among  the  public, — the 
editor  of  the  Art-Journal  appears  anxious  to  get  architecture 
thrust  out  of  the  Royal  Academy.  Some  short  time  ago,  he  pro- 
tested against  architects  being  elected  members  of  that  body  ;  and 
he  now  tells  us  that  architectural  drawings  have  ''no  business"  to 
be  in  its  exhibitions.  This  is  very  much  like  saying  that  there 
ought  to  be  no  exliibitions  anywhere  of  such  productions — ^the 
Academy's  being  the  only  one  where  they  are  admitted.  It  is  to 
be  hoped,  however,  that  this  marked  insult  will  now  arouse  archi- 
tects, more  especially  the  leaders  in  the  profession,  and  those  who 
are  members  of  the  Academy,  to  a  sense  of  their  duty,  and  of 
what  they  owe,  if  not  to  themselves  personally,  at  least  to  their 
brethren.  Should  it  not  do  so,  they  must  be  lethargic  indeed ; 
and  will  fuUy  justify  at  least  one-half  of  the  Art-Journal's  opinion, 
by  showing  that  at  all  events  they  have  "  no  business"  in  the 
Academy. 

A^'hat  is  the  Professor  of  Aixhitecture  about,  that  he  can  pa- 
tiently put  up  witJi  the  present  state  of  matters  with  regard  to 
architecture  at  the  Academy  ?  Hardly  can  he  be  ignorant  of  it, 
or  not  perceive  how  greatly  it  calls  for  correction  ;  nevertheless,  he 
makes  no  effort  at  all  to  correct  it.  Had  he  liestirred  himself  at 
all,  we  sliould  of  course  have  heard  of  it ;  moreo\'er,  if  he  had,  and 
had  done  so  ineffectually,  we  should  Iia^e  heard  of  his  resignation, — 
^^•hich  would  be  far  more  liououraI)le  to  him  than  is  the  making 
himself  a  cypher, — not  only  without  influence,  but  without  even 
so  much  as  a  tongue  or  a  voice. 

AV^hatever — if  any  at  all — the  emoluments  attached  to  the  Pro- 
fessorship of  Architecture  may  be,  tliey  cannot  be  such  as  to  be  of 
any  moment  to  Mr.  Cockerell.  So  long  as  tlie  situation  confers 
honour  on  liim  who  holds  it,  it  is  wortli  having,  whether  any  emo- 
lument at  all  be  attached  to  it  or  not.  But  rather  quite  tlie 
reverse  of  honour  attends  it,  when  he  who  liolds  it  is  expected  to 
sit  liy  \ery  tamely,  and  see  all  kinds  of  sliglits  and  affronts  put 
upon  architecture,  without  so  much  as  attenii)ting  to  check  them. 

There  is,  indeed,  no  danger  of  either  the  Professor  or  the  Aca- 
demy being  called  to  account  for  the  dereliction  of  their  duty  in 
regard  to  architecture,  by  the  public  press — that  is,  tlie  newspapers  ; 
architecture  being  the  very  last  thing  of  all  to  excite  their  atten- 
tion or  engage  their  sympathies.  Yet  if  tliey,  therefore,  think 
that  they  are  released  from  all  responsibility  to  public  ojiinion,  and 
that  their  conduct  excites  no  animadversion  in  other  quarters,  they 
are  very  much  mistaken. 

As  to  the  editor  of  the  Art-Journal,  he  ought  to  be  hanged — in 
■effigy,  at  least — by  the  architects,     liut,  somehow  or  other,  archi- 


THE  DISPUTED  INVENTION  OF  TUBULAR  BRIDGES. 

AVe  regret  to  perceive,  now  success  has  attended  the  bold 
experiment  of  constructing  tubular  bridges,  that  attempts  are 
being  made  to  depri\e  Mr.  Robert  Stephenson  of  the  merit  so 
justly  his  due,  as  the  original  designer  of  the  plan,  and  the  super- 
intender  of  its  execution.  Mr.  Fairbairn,  who,  with  Mr.  Eaton 
Hodgkinson,  assisted  Mr.  Stephenson  in  working  out  the  design, 
claims  to  have  the  merit  of  all  but  the  "  original  idea ;"  and  he 
maintains  that  the  working  out  of  the  idea  and  the  de\elopment  of 
the  principle,  as  well  as  the  greater  portion  of  the  construction, 
are  the  results  of  his  labours.  He  states,  also,  that  the  original 
idea  of  JNIr.  Stephenson  was  a  cylindrical  tube,  to  be  supported 
by  chains ;  which  plan,  he  says,  can  be  proved  would  never  have 
succeeded  ;  and  that  it  was  only  by  a  long  series  of  inductive  rea- 
soning, founded  on  experimental  research,  of  which  he  claims  the 
exclusix-e  merit,  that  tlie  present  strength  and  form  of  the  Conway 
and  Britannia  tubular  bridges  were  established. 

It  is  of  great  importance  not  only  to  Mr.  Stephenson,  but  to 
civil  engineers  and  inventors  in  genera],  that  these  claims  of  Mr. 
Fairbairn  should  be  estimated  at  their  proper  value.  The  original 
idea  of  overcoming  the  difficulty  of  taking  the  railway  across  the 
Menai  Straits,  by  the  construction  of  a  tubular  bridge,  is  admitted 
to  Ije  due  exclusively  to  Mr.  Stephenson.  !Mr.  Fairbairn  and  Mr. 
Eaton  Hodgkinson  were  employed  by  him  to  assist  in  its  construc- 
tion, and  to  make  the  experiments  necessary  to  determine  the  best 
form  for  obtaining  the  requisite  strength.  He  must,  of  course, 
have  expected,  from  their  known  skill  and  experience  in  the 
strength  of  materials,  that  they  would  be  able  to  afford  important 
assistance  in  devising  the  means  adapted  to  overcome  the  difficul- 
ties which  such  a  novel  structure  necessarily  presented.  The 
ex])eriments  they  made  were  subject  to  Mr.  Stephenson's  approval, 
and  may  be  said  to  have  lieen  conducted  under  his  superintendence. 
The  mode  of  making  them  would  however,  for  the  most  part,  be 
necessai-Uy  entrusted  to  Mr.  Fairbairn  and  Mr.  Hodgkinson  ;  who 
were  not  employed  as  mere  mechanical  agents,  to  act  strictly  under 
directions,  but  as  practical  men  of  science, — expected  to  bring 
their  skill,  ingenuity,  and  mathematical  knowledge  to  bear  on  the 
important  work  entrusted  to  them,  and  to  arrange  the  details  by 
which  Mr.  Stephenson's  invention  could  be  best  carried  into  effect. 
That  Mr.  Fairbairn  has  amply  fulfilled  what  was  expected  from 
him,  and  has,  under  Mr.  Stephenson's  superintendence,  completed 
the  task  ably,  skilfully,  and  successfully,  is  a  great  merit,  of  which 
he  may  well  be  proud.  Beyond  this,  he  ought  not  to  wish  to 
carry  his  claims.  Not  only  the  original  idea  of  tubular  bridges, 
but  a  mode  of  carrying  it  into  effect,  unquestionably  belong 
to  ;\Ir.  Stephenson.  Whether  that  was  the  best  mode,  was  to  be 
determined  b)'  experimental  researches ;  and  the  result  led  to  an 
improvement  in  the  means  first  devised.  This  is  the  general  and 
almost  necessary  course  in  the  perfection  of  any  invention  ;  and 
whether  the  inventor  carry  on  the  experiments  entirely  by  himself, 
or  whether  he  obtain  the  assistance  of  others  in  perfecting  his 
invention,  does  not  affect  his  claim  as  the  original  iinentor.  It 
appears  to  us  that  a  machinist  or  a  draughtsman  might,  with 
nearly  equal  pretension,  claim  to  be  the  in^-entor  of  an  appar.atus, 
or  the  architect  of  a  building, — because  he  had  succeeded  in 
making  the  machinery,  or  in  comi)leting  designs  from  outline 
plans, — as  Mr.  Fairbairn  can  claim  to  be  the  inventor  of  tubular 
bridges.  We  trust  that,  for  the  sake  of  his  own  reputation,  he 
will  be  satisfied  with  the  merit  acknowledged  to  be  his,  and  not 
persist  in  claiming  more. 


Floatiny  Tunnel  across  the  Channel. — One  of  tlic  most  exlraordiuary  plans 
submitted  for  approval  to  the  French  Academy  of  Sciences  is  that  of  M. 
Ferdinand,  engineer,  who  proposes  to  construct  a  floating  tunnel  from  Calais 
to  Dover,  for  the  wires  of  the  electric  telegraph,  and  large  enough  to  be 
traversed  by  small  locomotives,  for  tlie  conveyance  of  passengers.  The  plan 
was  referred  to  one  of  the  members  of  the  Academy  for  examination. 
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ON  CHEMICAL  AND  ELECTRICAL  FORCES, 
By  Pbofessob  Fabadav. 

Professor  Faraday  has  this  season  delivered  a  course  of  seven  lectures  at 
the  Royal  Institution,  "  On  the  Allied  Phenomena  of  the  Chemical  and  Elec- 
trical Forces."  The  last  lecture  of  the  course  was  given  on  Saturday,  the 
17th  ult,  and  we  now  subjoin  a  brief  sketch  of  the  whole,  showing  the 
mode  iu  which  the  subject  was  treated,  and  describing  the  principal  expe- 
riments by  which  it  was  illustrated. 

The  first  lecture  was  devoted  entirely  (o  explanations  of  the  character 
and  illustrations  of  the  nature  of  chemical  force,  commencing  with  its 
simplest  forms.  In  the  first  place.  Professor  Faraday  explained  the  dif- 
ference between  mechanical  force,  or  the  force  of  gravitation,  which  pro- 
duces molecular  action  and  aggregation  of  masses,  and  the  action  of 
chemical  force,  which  takes  place  among  the  particles  of  matter.  At  the 
same  time  iis  he  entertains  the  opinion  that  all  forces  are  closely  allied,  if 
not  identical,  he  showed  several  experiments  in  which  chemical  action  is 
eflected  by  mechanical  force,  of  which  the  explosion  of  fulminating  powder 
by  percussion  afforded  an  example.  The  illustrations  of  chemical  action  in  its 
feeblest  form,  he  showed  to  be  closely  allied  to  mechanical  force,  as  the  ag- 
gregation of  the  particles  of  water,  he  said,  depends  on  the  same  force  as 
the  most  energetic  chemical  action  ;  the  dift'erence  between  them  being 
only  in  degree.  As  an  illnstralion  that  chemical  action  takes  place  during  the 
mixing  of  fluids,  he  poured  some  spirits  of  wine  gently  on  to  the  top  of 
■water  in  a  glass  vessel,  into  which  a  long  tube  ivas  inserted.  The  vessel 
and  the  tube  being  quite  filled,  he  inverted  the  apparatus,  to  mix  the  spirits 
of  wine  with  the  water,  when  contraction  in  the  volume  of  fluid  was 
manifest  by  the  tube  being  no  longer  full.  Among  other  exemplifications 
of  chemical  action,  were  Ihe  solidification  of  two  gases  (muriatic  acid  gas 
and  amraoniacal  gas)  on  being  mixed,  and  the  conversion  of  two  limpid 
liquids  (carbonate  of  potass  and  muriate  of  lime)  into  a  white  solid  mass. 
The  results  of  chemical  action,  Professor  Faraday  observed,  are  the  pro- 
duction of  compounds  distinct  from,  and  frequently  quite  dissimilar  to,  the 
original  substances  that  enter  into  combination.  To  show  in  a  striking 
manner  the  difl'erence  between  a  mixture  and  a  compound,  he  mixed  to- 
gether some  copper  and  iron  filings,  and  then  separated  the  iron  from  the 
copper  by  means  of  a  magnet ;  whereas  in  a  chemical  compound,  no  me- 
chanical force  can  separate  the  combined  particles,  and  they  can  only  be 
resolved  into  their  original  elements  by  the  chemical  action  of  some  more 
energetic  agent.  Though  the  original  substances  that  enter  into  chemical 
combination  seem  to  be  entirely  lost  in  the  resulting  compound,  yet  there 
is  no  destruction  nor  any  alteration  in  the  elements,  nor  is  there  any 
creation  or  destruction  of  power  produced  by  the  combination.  Professor 
Faraday  illustrated  the  reproduction  of  the  elementary  substance  of  a 
compound  after  it  had  been  apparently  destroyed,  in  the  following  manner. 
He  put  some  iodine  into  a  glass  flask,  which,  on  being  heated,  emitted  the 
purple  or  violet-coloured  fumes  peculiar  to  that  substance.  He  then  added 
zinc  and  water  to  the  iodine,  when  a  combination  took  place,  in  which  the 
properties  of  the  iodine  were  apparently  lost,  and  by  no  application  of 
heat  could  the  violet  fumes  be  produced.  On  the  addition  of  sulphuric 
acid,  however,  the  iodine  was  set  free  from  its  combination  with  the  zinc, 
and  its  fumes  were  again  perceptible.  That  there  is  no  destruction  or 
change  in  the  particles  of  matter  produced  by  chemical  action  is  generally 
admitted,  but  the  Professor  observed,  that  some  philosophers  still  cling  to 
the  notion  that  there  is  a  creation  of  power,  as  exhibited  in  electricity  ; 
but  this  opinion,  he  maintained,  is  not  founded  on  fact,  for  there  can  be  no 
creation  of  power  without  the  creation  of  matter. 

In  the  second  lecture  the  consideration  of  the  difl'erent  actions  of  chemi- 
cal force  was  resumed  in  the  commencement,  and  then  its  gradual  transition 
into  electrical  force  was  developed.  In  the  first  place,  the  Professor 
pointed  out  the  difference  that  exists  between  the  force  of  gravitation  and 
chemical  force  in  the  relative  constancy  of  their  actions ;  fur  whilst  gravi- 
tation uever  ceases  to  act  at  any  moment,  chemical  affinity, on  the  contrary, 
often  lies  dormant  for  ages,  until  circumstances  arise  that  bring  it  into 
action.  Several  experiments  were  performed  to  illustrate  this,  and  also  to 
show  that  the  results  of  chemical  action  may  be  reversed  by  varying  the 
temperature  and  the  other  conditions  under  which  it  takes  place.  A 
mixture  of  nitrous  and  oxygen  gases,  for  example,  produces  no  change  on 
either  litmus  or  turmeric  paper,  but  when  a  stream  of  those  mixed  gases 
issues  into  the  atmosphere  at  the  ordinary  temperature,  a  piece  of  mois- 
tened litmus  paper  exposed  to  the  current  is  reddened,  thus  proving  the 
presence  of  an  acid.  When  the  same  stream  of  mixed  g«ses  is  heated, 
the  previously  reddened  litmus  paper  is  restored  to  its  original  blue  colour, 
and  turmeric  paper  is  turned  brown,  showing  that  the  directly  opposite 
property  has  been  given  to  the  gases,  which  then  become  alkaline  instead  of 
acid.  AV'hen  approaching  to  those  chemical  actions  which  are  ac- 
companied by  the  development  of  electricity,  Professor  Faraday  first  ex- 
hibited the  solution  of  copper  by  an  acid,  and  its  reproduction  in  a  metallic 
form  on  pieces  of  iron  and  zinc,  which  metals  having  a  greater  attraction 
for  the  acid  that  held  the  copper  in  solution  than  the  copper  itself,  entered 
into  combination  with  the  acid  and  liberated  the  copper.  He  afterwards 
exhibited  the  action  of  oxygen  and  zinc,  by  first  pouring  some  diluted  sul- 
phuric acid  on  a  piece  of  that  metal,  which  decomposed  the  water  by  at- 
tracting its  oxygen,  with  which  it  entered  into  combination,  and  liberated 
the  hydrogen  as  gas.  On  introducing  a  few  shillings  into  the  glass,  the 
vigour  of  the  action  increased,  and  the  decomposing  power  of  the  zinc 
seemed  to  be  transferred  to  the  silver,  from  which  metal  copious  streams  of 


hydrogen  gas  arose.  A  more  obvious  exhibition  of  the  extension  and 
transfer  of  chemical  action  from  one  metal  to  another  was  effected  by  the 
deposition  of  copper  on  silver  from  a  solution  of  the  sulphate  of  copper. 
When  a  piece  of  silver  is  immersed  alone  in  a  solution  of  sulphate  of 
copper,  no  action  whatever  takes  place,  and  it  might  so  remain  for  any 
length  of  time  without  sensibly  decomposing  the  solution  ;  but  as  soon  as 
a  piece  of  zinc  or  iron  is  brought  in  contact  with  the  silver  in  the  solution, 
the  copper  is  deposited  on  the  silver  as  readily  as  on  the  zinc  ;  and  when 
the  latter  is  amalgamated  with  quicksilver,  the  effects  of  decomposition  are 
transferred  entirely  to  the  silver,  and  none  of  the  copper  is  deposited  on 
the  amalgamated  zinc.  This  effect  is  equally  produced,  whether  the  two 
melals  are  brought  into  contact  in  the  solution,  or  whether  connection  be- 
tv/een  them  is  made  by  a  wire,  through  which  the  action  is  readily  trans- 
mitted. A  new  class  of  phenomena  is  brought  into  play  by  this  exhibition 
of  chemical  force  in  dissimilar  metals.  When  the  wire  that  connects  the 
two  pieces  of  metal  is  made  to  pass  over  a  suspended  magnetic  needle,  the 
needle  in  deflected  on  one  side,  and  by  expanding  the  surfaces  of  the 
metals  sufficient  power  is  obtained  to  make  a  wire  red  hot.  The  deflec- 
tion of  the  needle  at  any  part  of  the  connecting  wire  where  it  may  be  placed, 
shows  that  the  action  occurs  along  the  whole  course  of  the  wire,  and  exem- 
plifies one  of  Ihe  positions  which  the  Professor  wished  to  establish,  viz.,  that 
the  distant  and  local  actions  are  identical.  This  new  class  of  phenomena. 
Professor  Faraday  said,  was,  iu  his  opinion, attributable  merely  to  another 
exhibition  of  chemical  force,  but  he  should,  in  deference  to  received  usage, 
denominate  it  electrical  force. 

The  greater  portion  of  the  third  lecture  was  occupied  with  the  consi- 
deration of  the  decomposing  power  of  electricity,  in  which  respect  its 
action  seems  the  reverse  of  that  of  chemical  force.  The  latter  power  acts 
by  the  affinities  of  the  particles  of  one  substance  for  those  of  another,  and 
the  results  of  its  action  are  the  formation  of  new  compounds;  electiical 
force,  on  the  contrary,  resolves  compound  bodies  into  their  elements,  and 
may  act  at  a  distance  from  its  exciting  cause.  Numerous  illustrations  of 
the  decomposing  power  of  the  voltaic  battery  were  afforded,  one  of  the 
most  curious  of  which  was  the  decomposition  of  muriatic  acid  by  the 
following  arrangement : — A  glass  vessel  was  divided  into  three  compart- 
ments by  diaphragms  of  blotting-paper,  and  filled  with  diluted  muriatic 
acid,— the  acid  in  the  two  end  compartments  being  coloured  with  indigo. 
When  the  wires  from  the  negative  and  positive  poles  of  the  battery  were  in- 
serted in  the  two  coloured  divisions  of  the  vessel,  the  muriatic  acid  became 
decomposed,  Ihe  chlorine  passing  to  one  end,  and  the  hydrogen  to  the 
other ;  which  effect  was  rendered  visible  by  the  bleaching  of  the  liquor  in 
the  end  to  which  the  chlorine  was  determined,  whilst  the  middle  compart- 
ment, through  which  the  current  force  must  have  passed,  remained  un- 
changed. The  decomposition  of  iodide  of  potassium  aflTorded  a  striking 
example  of  the  rapidity  with  which  decomposition  takes  place  under  the 
influence  of  electricity.  Across  a  piece  of  paper,  wetted  with  a  saturated 
solution  of  iodide  of  potassium.  Professor  Faraday  drew  rapidly  one  of  the 
wires  from  the  battery,  when  a  strong  brown  mark  was  left,  showing  that 
the  iodide  had  been  decomposed.  By  pressing  a  coin  on  paper  similarly 
prepared,  and  then  touching  it  instantaneously  with  the  wire  of  the  battery, 
an  impression  of  the  coin  was  left  on  Ihe  paper,  caused  by  the  decomposition 
of  the  iodide  where  the  parts  most  in  relief  had  touched  the  paper.  The 
amount  of  decomposition  is,  in  all  cases,  proportionate  to  the  current  force ; 
and  though  chemical  decomposition  does  not  take  place  excepting  when  the 
current  is  interrupted,  yet  the  power  is  always  active  in  its  circuit  through 
the  connecting  wires.  The  deflection  of  a  magnetic  needle,  when  placed 
parallel  to  the  conducting  wire,  was  adduced  as  a  proof  that  the  power 
exerts  an  influence  at  every  part  of  the  circuit,  and  the  plates  of  the  vol- 
taic battery  were  shown  to  have  the  same  power  as  the  conducting  wire, 
in  deflecting  the  suspended  needle  from  its  ordinary  position  of  north  and 
south.  This  current  of  force  throughout  was  noticed  by  Professor  Fara- 
day as  one  of  the  many  instances  in  which  electrical  force  difl'ers  in  its 
action  from  chemical  force,  which  is  always  local,  though  the  two  forces 
are  really  identical.  The  constant  evolution  of  electricity,  when  we  least 
suspect  the  presence  of  such  an  agent,  was  curiously  exemplified  by  cutting 
a  raw  beef-steak  with  a  steel  knife  and  a  silver  fork,  the  knife  and  fork 
being  connected  by  wire."!  with  a  voltameter.  As  soon  as  the  knife  touched 
the  meat,  a  current  of  electricity  was  evolved  sufiicient  to  deflect  the 
needle  of  the  voltameter.  A  cooked  steak,  peppered  and  salted,  produced 
a  still  more  powerful  effect  on  the  needle. 

In  the/oMr</i  lecture  the  alliance  between  the  chemical  and  electrical 
forces  exhibited  in  the  evolution  of  light  and  heat,  formed  the  principal 
point  to  which  the  Professor  directed  attention,  and  he  illustrated  the 
subject  by  numerous  brilliant  experiments.  The  light  and  heat  produced 
by  violent  chemical  action,  of  which  a  burning  candle  is  a  good  example, 
form  no  essential  part  of  the  action  that  lakes  place  among  the  combining 
particles,  but  are  merely  transient  phenomena  resulting  from  the  activity  of 
the  combination.  In  the  same  manner,  the  light  and  heat  evolved  during 
combustion  of  substances  by  the  voltaic  battery,  are  the  results  of  the  com- 
bination of  the  zinc  plate  with  the  oxygen  of  the  exciting  liquid.  To  ex- 
hibit the  voltaic  light  the  lecture-room  was  darkened,  and  then  pieces  of 
charcoal  were  exposed  lo  the  action  of  the  battery.  The  intensity  of  the 
light  thus  evolved  was  contrasted  with  the  flame  of  an  argand  lamp,  which 
was  scarcely  perceptible  in  the  overpowering  splendour  of  the  voltaic 
spark.  The  combustion  of  silver-leaf,  of  iron-wire,  of  platinum,  and  of 
mercury,  formed  other  dazzling  exhibitions  of  the  heat  and  light  evolved  by 
the  voltaic  battery,  when  the  two  poles  were  brought  into  contact  with  the 
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metals.  The  heat  thus  generated  is  owing,  Professor  Faraday  obserred, 
to  the  passage  of  electricity  through  the  substances  acted  on,  and  to  the 
resistance  Ibey  offer  to  iis  passage,  for  when  the  conductors  are  sufficiently 
large  and  perfect  to  afl'ord  a  free  passage  to  the  electricity,  no  effect  of  heatis 
observable.  A  very  curious  experiment  in  illustration  of  this  property  of 
electricity  was  exhibited.  In  a  glass  vessel  full  of  distilled  water  the 
charcoal  points  from  the  opposite  poles  of  the  battery  were  introduced,  and 
when  they  were  brought  near  to  each  other  a  most  brilliant  light  was 
evolved  under  the  water,  dimmed  only  by  the  bubbles  of  steam  generated 
by  the  heat.  Tiie  water  being  an  imperfect  conductor  of  electricity, 
offered  suflicient  resistance  to  its  passage  to  bring  into  action  the  heating 
and  light-giving  powers  of  the  voltaic  battery  ;  but  when  it  was  afterwards 
made  a  better  conductor,  by  mixing  sulphuric  acid  with  it,  the  effect  was 
greatly  diminished.  In  the  preceding  lecture.  Professor  Faraday  showed 
that  wires  proceeding  from  the  opposite  ends  of  a  voltaic  battery  possess 
different  powers  in  the  decomposition  of  compound  substances,  and  he  now 
showed  that  their  heating  powers  also  dilier  ;  for  the  copper  wires  from 
the  two  poles,  on  being  held  close  to  each  other  within  a  short  distance  of  the 
ends,  the  one  became  much  hotter  than  the  other.  The  quantity  of  heat 
evolved  by  the  action  of  the  voltaic  battery  is  in  proportion  to  the  amount 
of  zinc  oxidized,  and  Professor  Faraday  remarked  there  is  good  ground 
for  supposing  that  the  heat  evolved  is  equal  to  that  produced  by  the  com- 
bustion of  the  same  weight  of  zinc.  Though  the  intensity  of  the  light  varies 
in  the  phenomena  of  voltaic  electricity,  just  as  it  varies  in  different  circum- 
stances during  ordinary  combustion,  yet  the  heat  remains  the  same  in  both 
cases.  As  an  illustration  of  this  position,  the  Professor  directed  his 
breath  against  a  gas  light  so  as  to  greatly  diminish  the  brightness  of  the 
flame,  yet  in  both  circumstances,  be  said  the  heat  of  the  burning  gas  was 
the  same.  The  latter  part  of  the  lecture  was  occupied  with  the  considera- 
tion of  the  ell'ects  of  electricity  on  the  sensitive  system  of  animals,  and  it 
was  illustrated  by  several  curious  experiments.  The  original  experiment 
of  Galvani  with  the  hind  legs  of  a  frog  was  very  successful ;  for  when  the 
legs  were  placed  on  a  sheet  of  platinum,  and  connection  was  made  between 
that  metal  and  a  piece  of  zinc  that  touched  the  nerves,  the  muscular  con- 
tractions of  the  limbs  made  them  jump  as  far  as  the  animal  could  have  done 
when  alive.  A  large  live  eel,  in  a  glass  jar,  plunged  about  violently  when 
the  electric  current  from  the  battery  was  passed  through  the  water,  thus 
showing,  that  without  any  direct  connection  with  the  battery,  the  electric 
shock  is  felt  by  fishes  when  the  water  they  swim  in  is  made  part  of  the 
circuit.  Professor  Faraday  alluded  to  the  experiment  made  with  the 
gymnotus  ekctricus  at  the  Polytechnic  Institution,  from  which  he 
had  obtained  all  the  effects  of  an  ordinary  voltaic  battery.  The  eel  itself 
does  not  feel  the  shock  it  communicates  to  the  fishes  within  its  influence, 
though  when  an  electric  current  from  a  voltaic  battery  is  passed  through 
the  water,  it  exhibits  as  much  annoyance  as  any  other  fish.  The  Professor 
observed  that  the  effects  of  electricity  on  the  nerves  of  animals,  give  an 
insight  into  the  phenomena  of  life,  since  they  seem  to  prove  that  nervous 
Irritability,  on  which  the  action  of  the  muscles  depend,  is  caused  by  elec- 
rical  influence,  though  by  what  means  the  electricity  is  generated  remains 
unknown. 

Tlie  commencement  of  the  ffth  lecture  was  occupied  with  exhibition 
of  the  pbenomeua  of  electricity,  when  the  circuit  is  not  interrupted. 
The  simplest  evidence,  that  a  constant  action  is  going  on  in  the  conducting 
wire,  is  afforded  by  the  deflection  of  a  magnetic  needle,  when  a  wire  that 
connects  the  two  poles  of  a  battery  is  held  over  it,  parallel  to  the  direction 
of  the  needle.  Small  pieces  of  bent  iron,  resting  on  the  wire,  became  mag- 
netic when  the  electric  circuit  was  completed,  and  when  the  wire  was 
twisted  several  times  round  a  thick  piece  of  iron,  to  increase  the  effect, 
the  magnetic  power  became  so  strong,  that  it  lifted  an  anvil  of  at  least  fifty 
pounds  weight.  The  heating  power  of  the  voltaic  battery,  when  the 
current  is  passing  uninterruptedly  along  llie  wires,  was  shown  by  its  making 
charcoal,  and  various  thin  wires  red  liot,  in  which  state  they  would  have 
remained  as  long  as  the  battery  continued  in  vigorous  action.  The  con- 
ducting power  of  gold  being  greater  than  that  of  platinum,  a  fine  wire  of  gold 
became  a  much  brighter  red  by  the  passage  of  electricity  through  it,  than 
one  of  platinum  ;  and  yet,  when  the  two  wires  were  joined  together,  the 
platinum  wire  became  red  hot,  whilst  the  gold  was  not  perceptibly  heated. 
This  anomaly  Professor  Faraday  explained,  by  stating  that  the  platmum 
wire  obstructed  the  passage  of  the  electricity,  consequently  the  gold  wire, 
which  was  capable  of  conducting  a  larger  quantity,  did  not  become 
sensibly  affected  by  the  small  quanlity  which  the  platinum  allowed  to  pass. 
The  increase  of  heat  diminishes  the  conducting  power  of  metals,  and 
several  experiments  were  shown,  for  the  purpose  of  illustrating  this  pecu- 
liar property,  the  red  heat  of  one  part  of  a  fine  communicating  wire  being 
brightened  when  another  part  of  the  wire  was  cooled  :  and  the  contrary 
effect  being  produced  when  the  wire  was  heated  by  a  spirit  lamp.  A  great 
part  of  the  lecture  was  occupied  in  explaining  the  two  most  popular 
theories  respecting  the  nature  of  electricity,  neither  of  which,  however. 
Professor  Faraday  is  inclined  to  adopt.  One  supposition  is,  that  electri- 
city is  an  ethereal  imponderable  body,  distinct  from  the  substances  in  which 
it  is  excited,  and  that  it  is  transmitted  along  wires,  in  like  manner  to  the 
rushing  of  fluids  through  tubes  ;  the  other,  and  as  he  observed,  the  more 
beautiful  theory,  is,  that  the  phenomena  of  electricity  are  produced  like 
sound,  by  vibrations.  The  Professor  performed  several  experiments,  for 
the  purpose  of  showing  the  facts  adduced  in  support  of  each  of  these 
theories.  One  of  the  difliculties  to  be  overcome  in  any  theory  that  pur- 
ports to  explain  the  nature  of  electricity,  is  to  account  for  the  instantaneous 
transmission  of  the  power,  which  has  been  ascertained  to  exceed  the  rate  of 


five  thousand  miles  in  a  second.  In  support  of  the  first  theory,  it  is  urged 
that  as  there  is  an  immense  difference  in  the  rapidity  with  which  different 
fluids  pass  along  tubes — water,  for  example,  flowing  slowly  in  con)parisoa 
with  hydrogen  gas— so  it  is  asserted  that  the  assumed  imponderable  fluid 
may  pass  with  a  rapidity  vastly  greater  than  hydrogen  gas.  The  vibrations 
of  sound,  however,  present  much  greater  similarity  to  the  transmission  of 
electricity.  Though  sound  passes  in  air  at  the  rate  of  only  thirteen  miles 
a  minute,  it  passes  through  water  four  times  as  quickly,  and  through  glass 
sixteen  times  faster  than  through  air.  There  is  this  resemblance  also  be- 
tween the  passage  of  sound  and  the  transmission  of  electricity,  that  sound 
may  be  transmitted  sensibly  through  solid  bodies  and  become  audible  at 
the  end.  Two  curious  experiments  were  performed  to  illustrate  this  pro. 
perty  of  sound.  A  thin  strip  of  deal  was  suspended  from  one  end  of  the 
lecture-room  to  the  other,  and  at  the  farther  end  it  bore  against  a  box.  A 
tuning-fork,  when  struck  and  applied  to  one  end  of  the  strip  of  wood, 
caused  the  box  at  the  other  extremity  to  emit  a  loud  musical  sound,  though 
the  tuning-fork  itself  could  scarcely  be  heard.  In  the  other  experiment  a 
rod  of  metal  passed  through  the  floor  of  the  lecture-room,  and  was  placed 
in  connection  with  a  pianoforte  in  a  room  beneath.  When  the  instrument 
was  played,  scarcely  any  sound  was  heard,  until  a  guitar-case  was  placed 
on  the  rod,  and  then  the  notes  were  distinct  and  loud,  as  if  proceeding 
from  the  guitar-case.  There  is  a  similarity  also  between  vibratious  and  elec- 
trical shocks,  as  may  be  proved  by  striking  a  bar  of  iron  when  holding  it 
near  one  of  the  points  of  vibration,  the  jarring  sensation  bearing  a  close 
resemblance  to  an  electric  shock.  This  vibratory  sensation  is  felt  yet  more 
strongly  when  a  wet  string  is  fastened  round  tlie  waist,  and  some  one  pulls 
the  end  of  it  through  the  fingers. 

In  commencing  bis  sixth  Uctuvc,  Professor  Faraday  said  he  was  about 
to  direct  the  attention  of  his  auditors  to  a  different  condition  of  the  elec- 
tric force  from  that  in  which  he  had  hitherto  considered  il,  wherein  the 
phenomena  not  only  differ  from,  but  are  in  many  respects  directly  opposed 
to,  those  exhibited  by  chemical  action  and  voltaic  electricity ;  and  yet 
the  forces  are  the  same.  In  the  first  place,  he  exhibited  voltaic  electricity 
in  a  higher  state  of  tension  than  he  had  before  done,  by  employing  a  water- 
battery,  consisting  of  a  great  number  of  pairs  of  plates,  by  which  ar- 
rangement a  small  quantity  of  electricity  in  a  high  state  of  concentratioa 
was  excited.  In  this  condition  voltaic  electricity  nearly  resembles  the 
electricity  excited  by  rubbing  a  slick  of  sealing-wax  or  a  rod  of  glass. 
In  the  ordinary  development  of  voltaic  electricity,  the  effect  is  produced 
only  when  the  current  is  passing,  and  ceases  when  it  is  broken ;  but  in  fric- 
tional  electricity  the  power  may  be  exerted  when  there  is  no  current,  and 
when  the  source  of  power  is  withdrawn.  In  this  respect,  indeed,  the 
water-battery  evolves  electricity  resembling  that  of  the  electrical  machine, 
and  forms  the  connecting  link  between  frietional  and  chemically-excited 
electricity,  serving  to  prove  that  they  are  identical.  In  the  first  place, 
Professor  Faraday  showed  that  by  touching  an  electroscope  with  only  one 
of  the  wires  of  the  battery,  the  gold  leaves  diverged,  and  continued  diver- 
gent when  the  wire  was  removed,  thus  exhibiting  the  development  and  the 
retention  of  the  power  when  there  was  no  current  passing.  AVhen  the 
wire  from  the  opposite  pole  of  the  water-battery  was  brought  in  contact 
with  the  electroscope,  the  gold  leaves  collapsed.  To  show  the  identity  of 
the  electricity  thus  evolved  by  the  battery  with  the  electricity  excited  by 
friction.  Professor  Faraday  caused  the  gold  leaves  of  the  electroscope, 
when  diverged  by  the  battery,  to  be  collapsed  when  an  excited  rod  of  glass 
was  brought  near,  and  to  be  made  more  divergent  by  an  excited  rod  of 
gutia  percha,  or  by  a  rod  of  shellac.  The  different  means  by  which  the 
effect  is  produced  aflords  no  ground  for  supposing  the  electricity  of  the 
battery  and  that  excited  by  friciion  to  be  distinct,  for  what  is  termed  frie- 
tional electricity  may  be  excited  in  varieties  of  ways,  and  is,  in  fact,  con- 
tinually being  called  into  action,  without  our  being  sensible  of  its  presence. 
The  mere  act  of  dusting  a  piece  of  metal  with  flannel  was  shown  to  ex- 
cite electricity  by  its  causing  the  leaves  of  the  electroscope  to  diverge. 
We  can  scarcely  touch  anything  without  exciting  this  power,  which,  how- 
ever minute  and  imperceptible  in  its  development  in  these  instances,  is 
precisely  the  same  force  which  produces  the  grandest  phenomena  of 
nature — thunder  and  lightning.  Having  given  illustrations  of  the  simi- 
larity of  the  forces  developed  by  chemical  agency  and  by  friction,  the 
Professor  dwelt  on  the  apparent  differences  between  them.  One  remark- 
able difference  is,  that  the  substances  by  which  frietional  electricity  is 
excited  undergo  no  change,  the  metals  and  the  glass  remaining  just  the 
same  after  having  developed  the  power  as  before  ;  whenas  voltaic  elec- 
tricity cannot  be  excited  without  chemical  action,  and  an  apparent  de- 
struction of  the  zinc.  Another  variation  in  the  phenomena  of  voltaic  and 
of  frietional  electricity  is  exhibited  in  their  conduction  through  various 
substances.  AVater,  for  instance,  which  is  so  imperfect  a  conductor  of 
voltaic  electricity,  will  readily  conduct  the  whole  quantity  excited  by  a 
powerful  electrical  machine,  through  the  moisture  contained  in  a  vvetted 
silk  thread.  Frietional  electricity  is  spread  over  the  surfaces  of  bodies, 
and  does  not  enter  them.  This  properly  was  exhibited  by  several  experi- 
ments, the  most  remarkable  of  which  were  the  following  : — A  small  metal 
ice-pail  was  placed  on  an  insulated  stand,  and  then  a  metal  ball,  suspended 
by  a  silk  string,  and  charged  with  electricity,  was  lowered  into  the  pail. 
The  electricity  instantly  diflused  itself  on  the  outside  of  the  ice-pail,  and 
there  was  none  within  ;  for  when  the  ball  was  again  lowered  into  the  pail 
and  withdrawn,  it  produced  no  cli'ect  on  the  electroscope,  but  when  the 
ball  touched  the  outside  the  iustrunieut  was  strongly  affected.  In  the 
other  experiment  a  wire-gauze  vase  was  substituted  for  the  ice-pail,  with 
exactly   similar  results.     When  an  electrical  machine  is  excited,  every 
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person  within  sight  of  it  is  more  or  less  aft'ected  by  its  influence,  and  a 
condition  of  electricty  is  induced  in  that  part  of  their  bodies  towards  the 
machine  of  a  different  kind  from  that  developed  by  the  conductor;  and  on 
the  opposite  side,  or  that  farthest  from  the  machine,  electricity  of  the  con- 
trary kind  is  induced.  This  induction  of  positive  and  negative  electricity 
on  distant  bodies,  leads,  as  Professor  Faraday  observed,  to  important 
practical  consequences.  He  had,  he  said,  been  often  consulted  by  Govern- 
ment as  to  the  propriety  of  having  metal  roofs  on  the  powder-mills  at  Walt- 
ham  Abbej,  and  he  had  always  objected  to  them  as  dangerous,  because  a 
thunder-cloud  might  induce  in  the  extended  metal  surface,  an  amount  of 
electricity  capable  of  discharging  itself  to  the  earth.  In  illustration  of 
this,  a  large  insulated  metal  ball,  placed  at  a  distance  of  two  feet  from 
the  conductor  of  the  machine,  was  brought  near  a  jet  of  gas,  which  became 
ignited  by  the  induced  electricity  passing  off  in  a  spark  to  the  metal  gas- 
pipe,  though  the  ball  was  far  too  distant  from  the  conductor  for  any  spark 
to  pass  between  them.  This  experiment  was  repeated  several  times,  and 
each  time  with  the  same  success. 

The  chief  point  to  which  Professor  Faraday  directed  attention  in 
the  seventh  and  concluding  lecture  was,  the  cause  of  the  difference 
between  the  phenomena  of  voltaic  and  of  frictional  elecricity,  his  object 
being  to  prove  that  they  are  really  identical.  The  marked  differ- 
ence between  frictional  and  voltaic  electricity,  which  were^dwelt  upon 
so  much  in  the  preceding  lecture,  are  caused  entirely  by  *the  different 
degrees  of  intensity  in  which  the  force  is  developed,  and  Prolessor 
Faraday  showed,  in  the  concluding  lecture,  that,  by  diminishing  the 
intensity  of  frictional  electricity,  the  phenomena  may  be  rendered 
similar;  the  g-eat  difficulty  in  showing  these  effects  being  caused  by  the 
very  small  quantity  of  electricity  that  can  be  evolved  in  a  given  time  even 
by  the  most  powerful  electrical  machine  when  compared  with  the  amount 
evolved  by  the  voltaic  battery.  Though  the  machine  employed  was  a 
plate  of  glass,  about  four  feet  in  diameter,  which  yielded  a  rapid  succes- 
sion of  strong  sparks  five  inches  long,  it  would  require  about  five  million 
turns  of  the  plate  to  produce  a  quantity  of  electricity  equal  to  that  evolved 
by  a  grain  of  water  in  the  voltaic  battery.  The  different  appearances  of  the 
sparks  emitted  in  the  highest  state  of  intensity  by  the  electrical  machine 
from  those  produced  by  the  discharge  of  electricity  accumulated  in  the 
Leyden  jar,  and  the  alterations  the  light  and  the  length  of  the  sparks  may 
undergo  by  being  transmitted  through  various  media,  were  shown  in  nu- 
merous experiments.  Though  the  rapidity  of  the  electric  spark  is  evi- 
dently very  great,  it  far  exceeds,  in  reality,  the  appearance  to  the  eye,  for  the 
duration  of  the  impression  on  the  retina  after  the  light  is  extinct  occasions 
a  prolongation  of  the  effect.  It  has  been  ascertained  by  Mr.  Wheatstone, 
that  the  duration  of  the  light  of  the  spark  is  less  than  the  millionth  part  of 
a  second,  and  Professor  Faraday  exhibited  the  mode  by  which  this  fact 
had  been  established.  A  concave  mirror,  placed  horizontally,  was  made 
to  revolve  with  great  rapidity  by  multiplying-wheels,  and  when  in  action 
a  bright  light  from  the  combustion  of  lime  was  reflected  to  a  focus  on  the 
ceiling.  The  rapidity  of  the  motion  caused  the  light  to  form  a  circle,  in 
the  same  manner  as  the  turning  rapidly  round  of  a  lighted  stick  or  of  any 
other  bright  object  seems  to  form  a  circle,  in  consequence  of  the  impression 
on  the  retina  remaining  until  the  effect  is  renewed  by  the  return  of  the 
light  to  its  former  place.  When  an  electric  spark  was  substituted  for  the 
permanent  light,  each  spark  was  seen  separately,  and  no  circle  or  prolon- 
gation of  the  light  was  produced.  The  velocity  of  the  mirror  and  the 
number  of  successive  sparks  being  known,  an  approximation  can 
be  obtained  to  the  duration  of  the  light.  It  is  in  consequence  of 
this  instantaneous  duration  of  electrical  discharges  that  they  fail  to 
produce  many  of  the  effects  of  voltaic  electricity,  and  if  the  continuous 
action  of  the  latter  during  a  second  could  be  concentrated  one  million  times 
its  effects  would  be  tremendous.  By  diminishing  the  intensity  of  frictional 
electricity  whilst  retaining  its  quantity.  Professor  Faraday  ignited  gun- 
powder, which  was  blown  away  without  ignition  by  the  undiluted  dis- 
charge. The  following  experiment  afforded  a  good  illustration  of  the 
different  actions  of  frictional  and  voltaic  electricities  caused  by  the  concen- 
tration of  force  in  the  former.  A  gold  thread  twisted  with  silk  was 
deflagrated  by  a  discharge  from  an  electrical  battery  without  injuring  the 
silk,  the  action  having  been  so  instantaneous  that  there  was  not  time  to 
burn  the  silk,  thougli  the  metal  was  destroyed  by  the  heat  evolved. 
When  similar  gold  thread  was  exposed  lo  the  action  of  the  voltaic  battery, 
the  silk  was  instantly  consumed  by  the  wire  being  made  red  hot,  whilst 
the  metal  remained.  The  statical  character  of  frictional  electricity.  Pro- 
fessor Faraday  said,  may  be  rendered  current  by  applying  a  conducting 
substance  to  draw  it  off  from  the  machine  as  quickly  as  it  is  excited,  and 
the  imperceptible  effects  of  such  a  current  prove  how  small  the  quantity 
of  electricity  excited  really  is,  and  it  is  only  by  allowing  it  to  accumulate 
that  we  become  sensible  of  its  presence.  The  phenomena  of  lightning  and 
thunder  are  owing  to  the  facility  with  which  Franklinic  electricity  can  be 
accumulated,  and  thus  reserved  in  store  for  an  instantaneous  discharge. 
Some  specimens  of  the  effects  of  lightning  were  exhibited  on  the  lecture- 
table.  A  number  of  splinters  from  a  riven  oak,  a  branch  from  a  mulberry 
tree,  the  rent  and  shivered  handle  of  a  hay-fork,  and  the  partially-melted 
iron  cable  of  a  ship  were  displayed.  The  latter  is  such  an  extraordinary 
exhibition  of  electrical  power,  that  Professor  Faraday  said  nothing  but 
the  strongest  evidence  could  have  induced  him  to  believe  it ;  the  ship  was 
stated  to  have  been  struck  with  lightning  during  an  earthquake  at  Callao. 
This  rending  power  of  frictional  electricity  cannot  be  imitated  by  the 
voltaic  battery,  but  all  other  phenomena  of  the  one  kind  can  be  produced 
by  the  other.    The  decomposition  of  chemical  compounds  by  the  discharge 


of  the  Leyden  jar  was  shown  by  the  decomposition  of  iodide  of  potassium, 
small  indeed  in  effect,  but  corresponding  with  the  quantity  of  electricity 
which  the  electrical  machine  evolves.  The  alliance  of  the  phenomena  of 
the  two  electricities  had  been  shown  in  the  course  of  these  lectures, 
Professor  Faraday  observed,  by  their  physical  effects  in  communicating 
shocks,  by  tlie  equal  rapidity  of  their  transmission,  by  their  decomposing 
and  heating  powers,  and  by  the  communication  of  magnetism.  The  dif- 
ference between  the  two  consists  solely  in  the  degree  of  intensity,  the  elec 
tricity  of  the  machine  exciting  a  small  quantity  in  a  high  state  of  intensity, 
whilst  the  voltaic  battery  evolves  a  much  larger  quantity  in  a  low  state  of 
tension.  Professor  Faraday,  taking  a  small  flock  of  gun-cotton  and  ex- 
ploding it  in  the  flame  of  a  candle,  observed  that  the  chemical  force  thus 
instantaneously  called  into  action  was  equal  to  the  production  of  an 
amount  of  electricity  greater  than  would  be  contained  in  .500,000  charges 
of  the  powerful  battery  of  Leyden  jars  which  he  had  employed  to  defla- 
grate metal  wires  and  gold  leaf;  and  the  important  problem  now  remaining 
to  be  solved  was,  the  conversion  of  such  rapid  chemical  actions  into  current 
forces.  Chemical  decomposition,  he  said,  when  taking  place  less  ener- 
getically, had  been  shown  to  evolve  electricity,  which  became  manifest 
and  available  as  a  current  force  by  the  voltaic  battery,  and  it  was  quite 
within  the  reach  of  scientific  discovery  to  render  the  most  energetic  phe- 
nomena of  chemical  force  sources  of  continuous  power. 
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ROYAL  INSTITUTE  OF  BRITISH  ARCHITECTS. 

Mai/  29. — Ambrose  Poynter,  Esq.,  V.P.,  in  the  Chair. 
A  paper  was  read  "  On  the  AppUcalion  of  Sculpture  and  Sculptured  Or- 
nament to  Architecture."    By  H.  B.  Garling,  Associate.     Being  the  Essay 
to  which  the  Medal  of  the  Institute  was  awarded  on  21st  February,  1848; 
and  which  is  given  in  full  in  our  present  Number  (p.  201). 

June  12. — Sidney  Smyrke,  Esq.,  V.P.,  in  the  Chair. 

A  paper  was  read  "  On  the  Theatres  and  Porticoes  of  Ancient  Rome."  By 
the  Rev.  Richard  Burgess,  B.D. 

June  26. — A  paper  was  read  •"  On  the  Triforium  of  the  MeditBval 
Churches."     By  the  Rev.  R.  Willis,  M.A. 

This  evening's  meeting  closed  the  session. 

Next  month  we  will  endeavour  to  give  an  abstract  of  both  the  above 
papers. 


INSTITUTION  OF  CIVIL  ENGINEERS. 

May  30.— Sir.   Field,   the   President's   Conversazione. 

The  accustomed  annual  conversazione  of  the  Piesident,  which  was  hereto- 
fore held  at  the  residence  of  the  President,  was  this  year  held  at  the  House 
of  the  Institution  in  Great  George- street,  a  change  we  do  not  approve  of;  as 
also  the  one  limiting  the  conversazione  to  one  evening,  which  led  to  the 
rooms  being  most  inconveniently  crowded — so  much  so,  that  many  of  the 
numerous  models  and  works  of  art  could  not  be  seen. 

On  the  walls  of  the  theatre  we  observed  three  faithful  portraits,  by  Lucas, 
of  Mr.  George  Stephenson,  Mr.  Robert  Stephenson,  M.P..  and  Mr.  Bidder; 
they  were  contributed  by  Messrs.  Graves,  for  whom  they  are  about  being 
engraved.  The  Electric  Telegraph  Company— Mr.  Bain,  Mr.  Brett,  and  Mr. 
Reid — contributed  instruments  exhibiting  their  various  systems  of  tele- 
graphic  communication,  electric  clocks,  and  electric  printing.  Mr.  Rand's 
fly  press,  for  raising  at  one  blow  the  collapsible  tubes  or  capsules.  Mr. 
Whitworth's  beautiful  machine  for  knitting  stockings  was  worked  by  a  young 
girl  sent  up  from  the  factory  of  Messrs.  Ransorae  and  May,  of  Ipswich,  and 
formed  an  attractive  object.'  The  models  of  greater  interest  were  those  of 
Mr.  Stephenson's  wrought-iron  tubular  bridge  erected  at  Conway ;  with  that 
of  his  wrought-iron  tubular  girders  for  large  spans.  Mr.  Fowler's  steamboat 
floating  landing  stage,  with  its  long  approach  over  the  mud  banks,  all  to  be 
supported  upon  Mitchell's  screw  piles,  for  the  Humber  Ferry.  Mr.  Brunei's 
excellent  truss,  of  110  feet  span,  used  by  him  in  the  Somerset  Bridge,  on  the 
Bristol  and  Exeter  Railway,  ilr.  Fowler's  plan  for  opening  or  shutting 
simultaneously  four  gates  for  a  level  crossing  on  the  line  of  the  Manchester, 
Sheffield,  and" Lincolnshire  Railway.  Messrs.  Taylor,  Williams,  and  Jordan's 
model  of  their  machine  for  carving  by  machinery  ornamental  objects,  figures 
or  groups,  such  as  we  have  previously  noticed.  This  machine,  by  means  of 
a  tracer  which  guides  the  cutting  tools,  is  enabled  to  perform  the  most  deli- 
cate and  elaborate  work  with  great  speed  and  at  a  cheap  rate.  Messrs.  Sea- 
ward and  Capel  contributed  a  large  collection  of  models  of  paddle-wheels 
and  screw-propellers.  Messrs.  JIaudslay  and  Field  also  contributed  an  in- 
teresting series  of  models  of  steam-engines,  screw-propellers,  and  paddle- 
wheels  I  as  did  also  Mr.  Penn,  of  his  horizontal  trunk  steam-engine.  Mr. 
Clarke  exhibited  a  beautiful  model  of  the  Great  Britain  steamer,  full-rigged, 
and  containing/ffc-simiYes  of  the  engines,  with  the  screw-propeller  complete, 
and  working  by  means  of  condensed  air,  the  whole  only  weighing  1  o* 
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Among  the  remaining  models,  we  observed  Messrs.  Blake  and  Varley's  at- 
mospheric pile-driving  machine, — Mr.  Varley's  rotating  air-pump, — Mr.  S.  P. 
Bidder's  simple  and  effective  coal-drops, — Mr.  Dodd's  rail-straightening 
machine, — Mr.  Southam's  wedge  and  screw  fix, — Mr.  Thornton's  improved 
hydraulic  lifting-jaclt, — Mr.  Wetherall's  iron-twister, — Mr.  Chrime's  patent 
fire-plug  valve, — Mr.  Beattie's  new  wooden  railway,  with  the  drawing  of  the 
system  of  manufacturing  it, — a  model  of  a  folding  boat,  of  which  each  side 
was  made  of  two  thicknesses  of  water-proof  cloth,  filled  in  on  Capt.  Light's 
principle  with  very  buoyant  reeds,  rendered  non-absorbent,  and  consequently 
rendering  the  boat  incapable  of  sinking,  even  when  full  of  water,  and  even 
when  partially  torn  by  accident.  The  expedition  in  search  of  Sir  John 
Franklin  has  heen  furnished  with  boats  of  this  description,  in  order  that 
they  may  be  easily  transported  across  the  ice,  and  may  bear  injuries  which 
would  destroy  a  wooden  boat.  The  Gutta-Percha  Company  sent  a  selection 
of  their  products  from  the  rough  material  throughout  all  its  stages  of  manu- 
facture  to  the  finished  articles.  Mr.  Chubb's  safety  chest  and  locks  and 
keys, — Mr.  De  la  Ton's  ingenious  locks  and  bolts,— Mr.  Defrie's  improved 
dry  gas-meter, — the  new  Aneroid  barometers, — and  numerous  other  inte- 
resting models  and  specimens. 

June  20. — JosHtr.\  Field,  Esq.,  President,  in  the  Chair. 

"  On  Harbours  of  Refuse."    By  the  Right  Hon.  the  Earl  of  Lovelace. 

The  paper  consisted  chiefly  in  a  succinct  review  of  the  Reports  of  the 
Commissioners  on  Shipwrecks  and  on  Harbours  of  Refuge;  giving  the 
opinions  of  the  naval  oflicers  and  civil  engineers  on  the  necessity  for  har- 
bours, in  certain  situations,  and  the  uaval  qualities  possessed  by  those 
positions — the  possibility  of  constructing  harbours  in  them,  and  the  nature 
of  the  structures.  The  necessity  for  harbours  on  our  coasts,  capable  of 
sheltering  fleets  from  storms  in  peace,  and  the  enemy  during  war,  appeared 
to  be  admitted,  particularly  at  the  present  moment,  when  the  disturbed 
state  of  the  continent  and  the  restless  character  of  our  near  neighbours 
were  considered.  It  was  stated,  that,  of  various  situations  pointed  out, 
that  of  Dover  was  the  only  one  yet  decided  upon,  although  great  works 
are  contemplated  at  Portland,  where,  from  Mr.  Rendel's  designs,  a  system 
of  construction  would  be  adopted,  which  would  be  both  economical  and 
stable,  and,  at  the  same  time,  would  afford  employment  to  a  class  of  persons 
whose  labour  it  had  been  diflicult  hitherto  to  use  efficiently.  The  various 
projects  of  floating  breakwaters,  and  other  artificial  shelter  for  vessels,  were 
then  examined,  and  were  generally  condemned,  as  entirely  inefficient  for  the 
objects  proposed. 

The  questions  relative  to  the  movement  of  sand,  the  drifting  of  the 
shingle,  and  the  deposit  of  silt  in  Dover  Bay,  and  other  places,  were  treated 
at  great  length,  and  reasons  given  for  the  various  forms  of  construction,  and 
of  the  projects  for  meeting  the  difficulties  induced  by  these  circumstances. 

The  nest  question  was  the  place  of  the  harbour,  and  the  mode  of  con- 
struction of  the  works.  After  quoting  all  the  authorities  on  both  sides, 
including  the  naval  officers,  the  commissioners,  the  civil  engineers,  and  the 
scientific  writers,  the  preference  was  given  to  a  large  harbour,  with  two 
entrances,  so  placed  as  to  allow  a  sufiicient  ruu  of  the  tide  through  it,  to 
prevent  any  very  considerable  deposit  of  silt,  but  so  constructed  as  to  afford 
shelter  to  the  vessels  within.  The  pier  walls  inclosing  the  harbour  to  be 
built  vertically  up  from  the  bottom,  or  with  a  very  slight  inclination  in  their 
height,  instead  of  throwing  in  masses  of  rubble  stone,  to  find  its  own  angle 
of  repose,  which,  it  was  shown,  was  not  less  than  four  or  five  to  one,  and 
that  it  only  attained  solidity  after  a  lapse  of  many  years,  even  with  a  due  ad- 
mixture of  small  materials  to  fill  up  the  interstices,  and  after  constant  sup- 
plies of  stone,  to  replace  that  which  the  seas  had  removed.  The  reports  of 
Capt.  Washington  were  quoted,  to  prove  the  failures  that  had  occurred  at 
certain  harbours  in  Ireland,  where  it  was  stated  that  the  long  slopes  had 
been  destroyed  by  the  sea,  and  had  ruined  the  harbours  they  were  intended 
to  protect.  The  proceedings  at  Cherbourg  and  Plymoutli  were  followed  in 
great  detail,  with  a  view  to  deducing  arguments  against  the  long  slopes,  and 
in  favour  of  vertical  sea-walls. 

The  protest,  by  Sir  Howard  Douglas,  in  favour  of  long  slopes,  was 
examined  at  great  length,  and  the  arguments  used  on  both  sides  were 
analysed  with  skill  and  candour. 

Colonel  Emy's  theory  of  the  effects  of  the  "  Jloat  dii  fond,"  was  care- 
fully examined ;  and,  without  going  to  the  entire  length  that  he  did,  it  was 
admitted,  in  many  cases,  the  effects  produced  were  as  he  described  them, 
and  that  the  subject,  as  he  had  brought  it  forward,  was  well  worthy  the 
attention  of  civil  engineers. 

The  placing  a  vertical  wall  upon  a  substratum  of  rubble,  in  the  form  of  a 
long  slope,  was  shown  to  be  pregnant  with  mischief,  and  had  never  heen 
successful ;  and  that  the  adoption  of  that  system  at  Cherbourg  had  been  a 
matter  of  necessity  rather  than  of  choice. 

Mr.  Alan  Stevenson's  clever  experiments,  on  the  force  of  waves  striking 
opposing  bodies,  were  given  ;  and  it  was  urged,  that  the  force  shown  to  be 
developed  by  a  breaking  wave  could  not  act  upon  a  vertical  wall,  up  and 
down  which  it  would  merely  oscillate ;  whereas  it  might  fall,  with  all  its 
aocumidated  force  upon  a  slope,  upon  which  it  would  naturally  break.  In 
conclusion,  it  was  urged  that,  although  for  Dover,  which  was  the  spot 
whereon  to  mount  guard  over  the  channel,  in  order  not  only  to  prevent 
invasion,  but  to  maintain  our  present  naval  supremacy,  it  might  be  permitted 
to  expend  a  large  sum  of  money  ;  yet  it  would  not  do  lo  have  several  Hovers ; 
and,  therefore,  it  behoved  the  authorities  to  consider  carefully  the  site,  the 


plan,  and  the  method  of  construction,  before  commencing  works,  in  which, 
in  the  present  state  of  engineering  science,  the  experience  of  the  past 
should  be  used  to  avoid  the  errors  that  had  occurred  in  former  and  similar 
works. 

In  the  discussion  which  ensued,  and  in  which  the  principal  civil  engineers 
engaged  on  great  hydraulic  works  took  part,  after  justly  complimenting  the 
Earl  of  Lovelace,  for  the  very  able  and  impartial  analysis  he  had  made  of 
the  evidence  contained  in  the  Government  reports,  and  the  documents  in 
his  possession,  the  speakers  explained  most  satisfactorily  the  actual  circum- 
stances and  conditions  of  the  works  which  had  been  instanced  as  failures  ; 
and  it  was  shown,  that  far  from  being  expensive  or  useless  works,  they  had 
been  completed  within  the  original  estimates  ;  and  that  wherever  the  con- 
struction had  required  restoration,  or  addition,  it  had  arisen  from  the  use  of 
defective  materials,  whicli,  being  on  the  spot,  it  had  been  obligatory  to  em- 
ploy, and  not  from  the  use  of  the  long  slope,  which,  as  compared  to  vertical 
walls  in  similar  situations,  was  shown  to  be  more  durable,  and  to  have  been, 
in  many  instances,  successfully  substituted  for  vertical  walls,  after  they  had 
succumbed  to  the  assaults  of  the  raging  billows. 


INSTITUTION  OF  MECHANICAL  ENGINEERS. 

June  13.— J.  E.  M'CoNNELL,  V.P.,  in  the  Chair. 

ON  THE  BALANCING  OF  WHEELS. 

Mr.  M'CoNNELL  read  the  following  interesting  paper  on  the  above 
subject: — The  paper  treated  ou  the  balancing  of  wheels  as  a  very  im- 
portant matter,  as  most  of  the  accidents  from  carriages  jumping  off  the 
line,  had  arisen  from  the  balance  in  the  wheels  of  the  engine.  'The  first 
who  made  this  matter  of  practical  observation  was  Mr.  George  Heaton,  of 
Birmingham,  on  examining  a  lathe  in  the  turning-rooms  of  Earl  Craven, 
the  pulley  of  which  he  found  to  be  out  of  balance.  This  he  remedied,  and 
the  lathe  worked  well  again.  Mr.  M'Connell  instanced  several  railway 
accidents  of  late,  which  had  arisen  from  a  want  of  proper  balance  in  the 
wheels  of  the  engine.  He  then  proceeded  to  illustrate  the  usual  method 
of  balancing  the  wheels  of  locomotive  engines,  which  he  considered  an 
improper  one,  and,  on  reference  to  experiments  with  another  model,  pointed 
out  the  desirability  of  obtaining  an  accurate  balance  in  the  piston  and 
piston-rod. 

In  the  course  of  the  paper,  Mr.  M'Connell  exhibited  various  experi- 
ments with  a  model  railway  carriage,  explanatory  and  illustrative  of  the 
statements  advanced  in  the  above  paper.  The  first  experiment  was 
made  with  wheels  in  balance,  the  motion  to  which  was  given  by  a  spring, 
and  the  sustained  regularity  of  the  motion  was  unexceptionable.  In  the 
second  expei'iment,  a  small  piece  of  iron  was  inserted  in  the  wheels,  and 
the  balance  consequently  destroyed — the  natural  tendency  being  to  cause 
a  Jumping  and  jerking  motion,  to  obviate  which  was  the  object  sought  in 
this  contrivance.  Similar  experiments  were  made,  to  show  the  necessity 
of  adopting  a  similar  system  of  balancing  the  piston  and  piston-rods,  in 
order  to  obviate  this  same  jumping  motion. 

In  explanation,  Mr.  M'Connell  said,  that  the  wheels  could  he  properly 
balanced  together.  First,  one  wheel  was  balanced,  and  then  they  put  the 
other  wheel  on  upon  the  other  side  of  the  engine,  and  balanced  it  in  the 
same  manner.  When  the  matter  was  first  placed  before  Mr.  Robert 
Stephenson,  that  gentleman  considered  it  of  no  service,  and  it  met  with 
much  opposition  ;  but  since  that  time  Mr.  Stephenson,  and  many  other 
gentlemen,  had  adopted  a  plan  of  balancing  their  wheels,  which,  in  his 
(Mr.  M'Connell's)  opinion,  was  not  the  correct  one.  When  a  locomotive- 
engine  was  connected,  and  the  driving-wheels  and  working  part  attached, 
it  was  lifted  up  upon  centres,  and  set  slowly  in  motion,  balance-weights 
being  added  until  it  moved  at  a  certain  speed  without  oscillating,  and  it 
became  perfectly  settled  ou  its  centres.  That  plan  might  answer  tolerably 
well,  bat  it  was  the  really  true  mode  of  balancing  wheels.  He  con- 
sidered that  great  evil  resulted  from  the  piston  and  piston-rod  not  being  in 
balance ;  it  had  been  the  cause  of  accidents  in  several  cases  where  the 
engine  did  not  leave  the  rails  when  the  wheels  were  in  balance.  If  the 
engine  attained  a  certain  velocity — the  piston-rod  moving  1,001)  feet  a 
minute — this  momentum  became  so  great,  that  the  engine  must  jump  ;  and 
the  front  wheels  were,  in  some  instances,  clear  of  the  road,  and  they  could 
see  between  the  wheel  and  the  rail.  They  had  an  engine  at  WoJvertoD, 
fitted  up  with  those  correcting  weights,  and  it  had  been  tried,  for  the  first 
time,  that  morning  ou  blocks.  The  engine  at  a  certain  speed  on  the 
blocks,  threw  itself  down,  and  they  were  not  able  to  run  it  so  fast  as 
raiglit  be  wished  ;  but,  on  attaching  tlie  balance-weight,  the  motion  of  the 
engine  was  completely  neutralised. 

Mr.  MiDDLETON  said,  that  this  appeared  to  be  the  system  of  balancing 
wheels,  which  had  been  iulroduced  lo  the  notice  of  the  North-Westera 
Railway,  some  years  ago,  by  Mr.  Cleorge  Heaton,  and  against  which 
hitherto  there  had  been  much  prejudice.  He  felt  coavinced  that  it  was 
one  of  the  best  methods  ever  suggested  for  securing  the  safety  of  the 
public,  when  travelling  on  railways,  and  a  great  many  accidents  might  be 
obviated  by  the  adoption  of  this,  or  some  similar  plan  of  balancing  the 
wheels  of  eugiues  and  carriages.  It  was  supposed  that  the  North-Western 
line  had  disapproved  of  Mr.  Heaton's  plan,  but  he  was  happy  to  find 
that  there  was  now  some  probability  of  Mr.  Heaton  reaping  the  reward 
of  his  industry  by  the  use  of  his  patent. 

Mr.  CowPER  said,  that  a  system  of  balancing  wheels  was  used  by  the 
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Eastern  Counties  Company  eleven  years  ago ;  but  this  was  decidedly  a 
superior  plan  to  any  he  had  ever  witnessed,  and  in  many  respects  superior 
to  the  plan  he  had  seen  of  Mr.  Heaton's. 

Mr.  M'CoNNELL  said,  that  Jlr.  Robert  Stephenson  had  expressed  his 
entire  approval  of  the  utility  of  the  proposed  mode  of  balancing  wheels, 
and  had  already  given  orders  for  it  to  be  attached  to  an  engine  he  was  uow 
constructing. 


LIGHT  ENGINES— LIGHT  TRAINS." 

The  Secretary  read  the  following  paper  on  the  above  subject,  by  Mr- 
Samuel,  engineer  of  the  Eastern  Counties  Railway  : — "  The  small  loco- 
motive, lately  introduced  on  the  Eastern  Counties  Railway,  having  at- 
tracted some  considerable  attention,  has  induced  me  to  present  to  your 
notice  a  short  description  of  it ;  and,  at  the  same  time,  to  oiler  a  few  ob- 
servations on  the  practicability  of  the  principle  to  the  conveyance  of  pas- 
sengers. This  carriage  was  constructed  under  my  superintendence,  for 
the  purpose  of  conveying  myself  and  inspectors  on  the  lines  of  the 
Eastern  Counties  Railway,  and  thereby  avoiding  the  great  expense  of 
special  engines.  The  total  length  of  the  carriage  is  12  ft.  6  in.,  and 
includes  machinery,  water-tank,  and  seals  for  seven  passengers,  on  one 
frame,  which  is  hung  below  the  axles,  and  is  carried  on  four  wheels,  of 
3  ft.  4  in.  in  diameter,  the  floor  being  within  nine  inches  of  the  level  of 
the  rails.  It  is  propelled  by  two  cylinders,  3J  inches  in  diameter,  with  a 
6-inch  stroke,  placed  on  each  side  of  the  boiler,  and  acting  on  a  crank 
axle.  The  boiler  is  cylindrical,  placed  vertically,  and  is  1  ft.  7  in.  in 
diameter,  by  4  ft.  3  in.  in  height ;  containing  a  fire-box,  16  inches  diameter, 
by  14  inches  high  ;  and  35  tubes,  3  ft.  6  in.  long,  by  1^  inches  diameter  : 
giving  5a- feet  heating  surface  on  the  fire-box,  and  38  feet  on  the  tubes. 
The  engine  is  fitted  complete,  with  link-motion,  feed-pumps,  &c.  The 
water-tank  is  placed  under  the  seats,  and  will  contain  40  gallons.  This 
carriage  is  capable  of  conveying  seven  persons,  at  the  rate  of  30  miles  an 
hour.  It  has,  at  times,  attained  a  speed  of  44  miles.  The  consumption  of 
coke  is  only  2+  lb.  per  mile ;  and  the  weight  of  the  whole  machine  does 
not  exceed  25  cwt.,  including  coke  and  water.  The  result  of  observa- 
tions, which  I  have  for  a  considerable  time  been  making,  on  the  Branch 
Passenger  Traffic  of  Railways,  has  been  to  convince  me  that,  on  the 
whole,  it  is  not  remunerative,  and,  in  some  cases,  is  even  worked  at  a 
loss.  I  have  been,  thevefore,  led  to  consider  whether  the  expenses  might 
not  be  reduced,  by  the  introduction  of  a  system  of  steam-carriages  more 
suitable  to  the  amount  of  traffic  to  be  conveyed.  It  is  evideut,  that  the 
more  we  can  reduce  the  dead  weight  of  the  trains  and  engines,  in  propor- 
tion to  the  number  of  passengers,  the  less  will  be  the  expense  of  repairs, 
both  of  the  carrying  slock  and  engines,  and  of  the  way  and  works  of  the 
line.  The  average  weight  of  a  train,  on  the  branch  lines  of  the  leading 
railways,  is  56  tons  ;  the  number  of  passengers,  conveyed  by  each  train, 
not  exceeding  35  to  40  on  many  of  the  branch  railways  in  England.  Sup- 
posing each  passenger,  with  luggage,  to  weigh  li  cwt.,  the  total  weight 
of  passengers  conveyed  is  about  3  tons ;  or,  in  other  words,  for  every  ton 
of  paying  load  we  are  now  carrying  by  the  present  system  of  locomotion, 
we  have  from  18  to  20  tons  of  dead  weight.  It  is,  therefore,  in  a  commer- 
cial point  of  view,  of  the  greatest  importance,  not  only  to  railway  com- 
panies, but  to  the  public  generally,  that  some  less  expensive,  and,  at  the 
same  time,  equally  safe,  means  of  transit  be  adopted.  It  is,  therefore, 
proposed  to  subslitute  steam-carriages  for  locomotives  on  branch  railways, 
similar  in  construction  to  the  drawings  herewith  produced.  These  draw- 
ings represent  a  patent  steam-carriage,  now  in  course  of  construction, 
under  my  direction,  by  Mr.  W.  B.  Adams,  the  patentee,  for  the  Eastern 
Counties  Railway  Company.  The  following  are  a  few  of  the  principal 
dimensions  : —  Diameter  of  cylinders,  7  inches  ;  length  of  stroke,  12  inches ; 
diameter  of  driving-wheels,  5  feet;  distance  between  centres,  20  feet; 
width  of  framing,  8  ft.  6  in.  The  boiler  is  of  the  ordinary  locomotive 
construction ;  5  feet  long,  by  2  ft.  6  in.  in  diameter.  The  fire-box  is 
2  ft.  lOV  in.  by  2  ft.  6  in.  There  are  to  be  115  tubes,  of  li  inch  in 
diameter,  and  5  ft.  3  in.  in  length,  giving  210  feet  of  heating  surface  in 
the  tubes.  The  area  of  the  fire-box  is  25  square  feet,  giving  a  total  of 
235  feet  of  heating  surface  on  the  boiler.  The  consumption  of  coke  I 
have  estimated  at  7  lb.  per  mile,  at  a  velocity  of  40  miles  per  hour.  The 
total  weight  of  the  steam-carriage,  with  its  coke  and  water,  will  not  exceed 
10  tons,  and  it  will  be  capable  of  conveying  about  42  passengers,  at  a 
speed  of  40  miles  per  hour.  The  water  is  to  be  carried  below  the  floor  of 
the  carriage,  in  wrought-irou  tubes,  of  12  inches  diameter,  and  12  feet 
long.  Oue  great  object  attained  in  this  machine,  is  the  reduction  of  the 
centre  of  gravity,  and  the  consequent  absence  of  lateral  oscillation.  This 
carriage  is  intended  for  the  Enfield  and  Edmonton  branch  of  the  Eastern 
Counties  Railway,  and  is  expected  to  be  at  work  in  about  three  months 
from  this  date.  When  its  practical  utility  and  economy  has  been  proved, 
I  shall  be  glad  to  submit  the  result  to  the  Institution  at  a  future  meeting  ; 
as  I  feel  convinced  that  the  subject  is  one  deserving  the  attention  of  the 
members,  and  of  all  parties  interested  in  the  profitable  working  of  rail- 
ways. I  may  also  add,  that  were  the  system  of  light  steam-carriages 
adopted,  branch  railways  might  be  constructed  at  a  very  small  cost 
indeed,  compared  with  the  present  outlay  (which  is  unavoidable  so  long  as 
the  present  system  of  heavy  engines  is  continued)  ;  and  the  advantages 
of  railway  accommodation  might  be  extended  to  those  districts,  which  can 
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never  hope  to  enjoy  them,  if  the  construction  of  railways  continue  to 
require  such  large  outlay  of  capital." 

Mr.  M'CoNNELL  also  read  a  communication  on  the  same  subject.  He 
had  declined  giving  any  opinion,  wishing  to  take  the  sense  of  the  Institution 
upon  the  merits  of  the  engine  in  question. 

Mr.  Samuel  considered  that  his  engine  would  save  a  considerable  sum 
in  the  wear  and  tear  of  the  rails,  if  not  in  coke,  in  consequence  of  the  great 
reduction  in  the  weight  of  the  engine.  He  estimated  the  wear  and  tear  of 
rails  at  jESCper  annum,  independent  of  the  loss  in  the  tyres  of  driving- 
wheels,  which  was  a  large  source  of  outlay.  He  suggested  the  running  of  a 
number  of  small  trains  on  a  light  description  of  rails,  which  would  reduce 
the  cost  of  branch  railways,  and,  at  the  same  time,  be  adequate  to  all  the 
local  traftic. 

A  Member  inquired,  how  the  projector  would  be  enabled  to  convey  heavy 
castings  upon  such  a  line  ? 

Mr.  Samuel  said,  that  might  be  obviated  by  distributing  the  weight  over 
several  trucks,  as  was  sometimes  found  necessary  upon  the  lines  now  in  use  ; 
and,  in  case  of  holiday  excursions,  he  proposed  running  a  number  of  these 
small  trains,  instead  of  the  present  heavy  ones. 

Mr.  M'CoNNELL  said,  that  he  presumed  it  would  be  desirable  to  have  the 
rails  sufficiently  heavy  to  allow  an  ordinary  locomotive  to  travel  over  them, 
in  case  additional  carriages  had  to  be  taken  on  at  certain  points  of  the  line, 
for  extra  traffic  arising  from  holidays,  races,  &c. 

Mr.  Samuel  said,  it  would  be  desirable  that  such  should  be  the  case, 
where  it  could  be  done.  It  was  propoied  to  construct  these  rails  on  longi- 
tudinal bearings  of  timber — therefore,  a  comparatively  heavy  engine  might 
traverse  it  without  danger.  In  reply  to  further  questions,  Jlr.  Samuel  said, 
that  the  pressure  usually  used  in  this  engine  was  1201b.;  but  it  was  not 
proposed  to  work  those  branch  engines  at  a  pressure  of  more  than  80  lb. 

Mr.  M'CoNNELL  and  Mr.  Cowpf.r  considered  this  engine  peculiarly  calcu- 
lated to  be  worked  with  economy  on  the  branch  lines,  as  it  would  tend  very 
much  to  make  them  pay,  by  economising  the  locomotive  expenditure. 

Mr.  Buckle  inquired,  how  the  distance  of  the  wheels  would  suit  the 
present  turn-tables  ? 

Mr.  Samuel  said,  it  was  usual,  at  every  terminus,  to  have  a  large  turn- 
table, suited  for  engine  and  tender;  and,  where  there  was  not  such  a  con- 
trivance, they  could  make  a  triangle,  which  would  be  as  good.  The  increased 
speed  obtained  on  these  trains  would  obviate  the  necessity  of  frequent 
changes  of  carriages ;  and  he  estimated  the  average  cost  of  conveying  the 
passengers  would  not  exceed  one-fifth  of  a  penny  per  mile.  Many  of  the 
branch  lines  did  not  pay,  and  some  economising  principle  was  needed  to 
effect  that  object.  In  answer  to  further  questions  Mr.  Samuel  said,  that  he 
proposed  to  work  the  goods  traffic  in  a  similar  manner. 

Mr.  M'CoNNELL  still  thought  that  the  rails  should  be  equal  on  these 
branch  lines,  to  bear  the  ordinary  engines  now  in  use  on  the  main  lines,  in 
case  they  went  over  them ;  the  wear  and  tear  would  also  be  less  upon 
strong  rails. 

Mr.  Cowper  considered  the  ordinary  rails  in  use  were  much  too  light, 
and,  at  the  present  price  of  iron,  he  thought  it  bad  policy  to  lay  down  a 
light  rail. 

The  meeting  expressed  their  entire  approval  of  the  engine  for  all  the  pur- 
poses of  the  ordinary  branch  lines  of  railway. 


NOTES  OF  THE   MONTH. 

Daguerreotype  Plates. — The  plates  prepared  by  depositing  silver  by  elec- 
trical ag&ncy  have  been  found  far  superior  to  the  ordinarily-prepared  plates. 
The  mode  adopted  by  Mr.  Kilburn  to  test  the  superiority  of  the  electro- 
plated metal  is  to  deposit  silver,  by  a  Smee's  battery,  on  one-half  of  a  re- 
gularly-prepared  plate,  and  then  to  apply  the  sensitive  coating,  and  to  go 
through  the  usual  process  of  taking  a  picture.  He  says  that  the  lights  and 
shadows  on  the  half  that  has  been  electro-plated  will  be  much  more  clear 
and  distinct,  and  that  in  comparison  with  that  portion  of  the  plate,  the  other 
will  appear  greasy.  The  requisite  time  of  exposure  also  is  found  to  be 
reduced  about  one-third. 

Aerial  Navigation.— Ut.  Fitter,  of  Launton,  Oxfordshire,  has  published 
plans  and  descriptions  of  an  "  improved  Archimedian  Balloon,"  whereby  it 
is  proposed  to  move  through  the  air  by  paddle-wheels,  set  in  motion  by  a 
steam-engine.  This  aerostatic  machine  will  indeed  be  a  "  monster  balloon," 
as  it  is  proposed  to  give  it  buoyancy  sufficient  to  raise  thirteen  tons  ;  and  it 
is  to  be  120  feet  long,  exclusive  of  hemispherical  ends.  Mr.  Fitter  conceives 
there  will  be  little  difficulty  in  steering  this  aerial  ship,  but  he  seems  altoge- 
ther to  overlook  the  absence  of  a  guiding  resistance,  for  though  he  may  be 
able  to  turn  the  machine  round,  that  would  be  of  no  avail  in  steering,  unless 
there  be  some  resisting  force  superior  to  that  of  the  wind. 

Railways  Opetied.—One  of  the  lines  of  rails  of  the  Bolton,  Blackburn, 
and  West  Yorkshire  has  been  opened.  The  Tiverton  branch  of  the  Bristol 
and  Exeter  line  was  opened  on  the  12th  June. 

Compromise  of  the  Gauge  Question. — It  has  been  decided  by  a  committee 
of  the  House  of  Commons,  "that  the  dotible  gauge  shall  be  laid  down 
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from  Fenny  Compton  to  Wolverhampton,  the  mode  of  laying  down  to  be 
such  as  the  Railway  Commissioners  may  approve."  "  By  this  decision," 
says  the  Railway  Chronicle,  "  the  settlement  of  the  gauge  question,  to  attain 
which  a  commission  was  appointed  in  1845  and  legislation  took  place  in 
184G,  is  sent  to  the  wind."..  .."  Thus,  diversity  of  gauge  is  being  allowed 
to  take  root  in  the  most  pernicious  form  which  it  could  adopt — namely,  the 
double  gauge  system." 

New  Atmospheric  Railway. — A  working  model  of  Messrs.  Harlow  and 
Young's  atmospheric  railway  has  been  recently  exhibiting,  and  it  works  very 
satisfactorily  on  a  length  of  150  feet,  with  a  four-inch  tube.  The  peculiarity 
of  the  invention  depends  on  the  formation  of  the  valve.  The  tube  is  cast 
with  a  longitudinal  opening,  similar  to  Clegg's ;  but,  instead  of  a  flap-valve, 
the  action  is  precisely  similar  to  the  slide-valve  of  a  steam-engine.  The 
sides  of  the  opening  are  so  cast,  that  one  side  presents  a  horizontal  groove, 
and  the  other  a  tabular  face,  both  planed  perfectly  true.  On  the  tabular 
face  the  slide-valve  rests,  when  forced  out  of  the  groove  by  the  passage  of 
the  coulter,  consisting  of  bars  of  iron,  in  a  full-size  working  tube,  proposed 
to  be  4  or  5  feet  in  length.  At  each  end  of  these  bars  a  semicircular  open- 
ing is  turned  through  about  half  their  thickness,  forming,  when  two  abut 
against  each  other,  a  circular  slot,  in  which  is  placed  a  disc  of  iron,  ground 
perfectly  true  witri  the  under  surface  of  the  bars,  and  thus  presenting  a  sort 
of  rule  joint  without  any  fixed  axis,  and  forming  collectively  a  loose  chain 
which  slides  over  the  opening,  and  renders  it  air-tight.  To  each  of  these 
bars,  or  links,  is  placed  a  steel  spring,  in  the  shape  of  a  carriage-spring, 
merely  of  sufficient  power  to  press  the  valve  into  its  place,  after  the  passage 
of  the  coulter.  The  whole  is  covered  by  a  top  plate,  to  keep  out  grit,  wet, 
snow,  &c.,  with  the  exception  of  a  small  space  to  allow  the  coulter  to  pass, 
which  is  not  much  thicker  than  a  saw  blade,  and  which  connects  the  leading 
carriage  with  the  piston  in  the  usual  manner. 

Preservation  of  Wood  for  Raihvay  Sleepers. — Messrs.  Hutin  and  Boutigny 
have  obtained  a  patent  in  France,  for  the  preservation  of  wood  intended 
for  railway  sleepers  ;  the  process  of  which  depends  on  filling  the  pores  at 
each  end  with  a  bituminous  cement,  after  the  ends  have  been  previously 
charred.  The  process  is  thus  described  :  "  Immerse  the  ends  of  a  piece 
of  wood  in  some  liquid  carburetted  hydrogen,  such,  for  instance,  as  the 
oil  of  schist,  which  penetrates  quickly  some  distance  into  the  wood.  2. 
Set  this  carburetted  hydrogen  on  fire,  and  at  the  moment  the  flame  has 
burnt  out,  plunge  the  wood  to  the  height  of  a  few  inches  into  a  hot  mixture 
of  pitch,  tar,  and  shellac,  which  will  be  slightly  drawn  up  between  the  fibres. 
and  form  at  each  extremity  of  the  wood  a  kind  of  hermetical  seal,  unalter- 
able by  moisture  and  air.  3.  Coat  the  wood  with  tar  over  its  whole  sur- 
face by  the  ordinary  methods." — A  process  nearly  similar  was  not  long 
since  communicated  to  the  Paris  Academy  of  Sciences,  by  M.  Gemini, 
In  his  plan,  tar  is  used  for  the  purpose  of  filling  the  pores  of  the  wood, 
without  the  addition  of  any  substance.  He  encloses  the  wood  in  a  cylinder, 
wherein  it  is  dessicated  by  high-pressure  steam.  A  vacuum  is  then  pro- 
duced, and  additional  force  is  given  to  the  tar  in  its  penetration  of  the 
fibres  of  the  wood  by  a  force-pump.  M.  Gemini  observes  that  a  separa- 
tion lakes  place  between  the  solid  portion  of  the  tar  (the  pitch)  and  the 
oily  portion  ;  and  that  the  first  penetrates  only  an  inch,  whilst  the  oily 
matter  will  penetrate  throughout  the  whole  substance  of  the  wood. 

77ie  "  Divining  Rod." — It  is  a  practice  not  uncommon  in  the  mining  dis- 
tricts of  Cornwall,  to  search  for  veins  of  ore  by  the  "  divining  rod,"  which 
is  supposed  to  be  attracted  towards  the  metal  on  walking  over  the  surface 
of  the  ground.  The  following  letter,  in  the  Mining  Journal,  signed  "  H.  F. 
Penny,  Notting-hill,"  thus  describes  the  modus  operandi,  as  having  been  suc- 
cessfully practised  in  his  presence.  If  Mr.  Penny  be  neither  deceiving  nor 
deceived,  this  is  one  of  the  things  that  philosophy  cannot  account  for : — 
"  I  have  witnessed  the  operation  of  the  divining  rod,  in  a  manner  most 
conclusive  and  satisfactory  to  my  own  mind.  I  went,  accompanied  by  Mr. 
H.,  first  to  Wheal  Jane,  the  underground  captain  of  which  is  what  they 
call  a  denser.  He  ordered  one  of  the  men  to  cut  half-a-dozen  withes,  of 
the  requisite  shape,  from  a  neighbouring  hedge,  and  we  tiien  proceeded  to 
a  field,  across  which  the  lode  lay.  We  each  held  a  rod,  and  walked  abreast, 
the  captain  in  the  middle.  Upon  crossing  the  lode  his  rod  bent  downwards, 
and,  to  my  surprise  and  delight,  I  felt,  at  the  same  time,  mine  pressing 
against  the  flesh  of  the  finger,  when  it  went  down  gradually  from  being 
perpendicular  to  horizontal,  but  would  not  go  lower.  Mr.  H.'s  remained  per- 
fectly stationary  !  We  tried  it  again  and  again  with  the  same  result — the 
captain's,  however,  going  lower  and  more  freely  than  mine.  We  then  went 
to  another  mine  beyond  Perran,  and  sent  for  a  labouring  miner  from  under- 
ground, who  is  a  celebrated  douser.  We  had  another  gentleman,  a  Mr.  C, 
with  us,  an  old  farmer,  a  clerk  of  this  mine,  and  myself — thus  making  six, 
all  armed  with  rods.  On  crossing  the  lode,  the  dowser's  rod  went  down  like 
a  shot,  completely  inverted  !  Mine  went  down  gradually,  but  its  pressure 
was  quite  perceptible,  until  one  of  the  limbs  of  the  rod,  close  to  my  fist, 
actually  broke  off,  from  the  mysterious  force  in  operation.  Now,  holding 
my  hands  perfectly  still,  and  grasping  each  limb  of  the  rod,  it  is  impossible 
to  move  it  downwards  by  any  voluntary  motion,  much  less  to  break  it.  Mr. 
H.'s  remained  as  usual,  quite  stationary,  as  also  the  clerk's;  the  farmer's 
and  Mr.  C.'s  acted  nearly  as  powerfully  as  mine,  very  much  to  the  astonish- 
ment of  the  latter,  who  was  an  unbeliever.  I  may  mention,  that  it  will  not 
act  with  one  person  out  of  50,  or,  perhaps,  out  of  100." 

The  Magnetic  Telegraph. — Mr.  Nathaniel  Holmes,  who  is  in  the  employ- 
ment of  the  Electric  Telegraph  Company,  has  made  an  improvement  in  the 


magnetic  telegraph  which  promises  to  be  of  great  utility.  The  invention  is 
thus  described  by  himself  in  a  letter  to  the  Athenceu'm :— "  It  may  not  be 
uninteresting  to  record  the  recent  improvement  I  have  made  in  reducing  the 
expenditure  of  battery  power  to  one-tenth  of  the  amount  required  before  ; 
so  that  now,  instead  of  working  on  the  long  circuit  (a  distance  of  about  250 
miles),  with  an  equivalent  of  210  pairs  of  plates,  24  pairs  do  duty,  with  a 
much  more  effective  result — the  reduced  intensity  not  suffering  so  much  by 
the  effect  of  bad  insulation.  The  most  important  point,  however,  is  the 
economy  of  power  when  it  is  applied  to  the  numerous  stations  throughout 
the  kingdom,  and  the  increased  faciUty  of  working  through  a  much  larger 
amount  of  circuit  resistance.  The  addition  consists  in  the  substitution  of  a 
single  small  steel  lozenge,  three  quarters  of  an  inch  long,  for  the  two 
S-inch  astatic  magnetic  needles,  and  placed  between  two  small  coils,  of  pe- 
culiar shape.  This  form  has  the  advantage,  besides  those  already  mentioned, 
of  giving  a  signal  free  from  that  constant  vibration  of  the  needle,  against 
which  so  much  has  been  said — the  pendulous  action  of  gravity  being  very 
limited,  from  its  better  adapted  form." 

Telegraph  Profits.— Ihe  profits  of  the  New  York  and  Washington  Tele- 
graph Company  are  reported  to  amount  to  1,000  dollars  per  month.  The 
Western  Telegraph  Company  is,  however,  said  to  he  doing  a  better  business 
than  that. 


LIST    OF    MEV^    PATENTS. 

GRANTED    IN  ENGLAND    FROM    MaY    30,   TO    JUNE    16,    1348, 

Six  Months  allowed  for  Enrolment,  unless  otherwise  expressed. 

William  Wootl,  of  Cranmer-place,  Waterloo-road,  Surrey,  carpet  manufacturer,  for 
"  Improvements  in  weaving  carpets,  and  in  printing  carpets  and  other  fabrics." — Sealed 
May :». 

William  Seaton,  of  Camden  Town,  Middlesex,  gentleman,  for  "  Improvements  in 
closing  tubes,  and  in  preventing  and  removing  the  inci-ustation  in  boilers." — Way  30. 

Jasper  Wheeler  Rogers,  of  Nottingham-street,  Dublin,  civil  engineer,  for  "certain 
Improved  methods  and  machinery  for  the  preparation  of  peat  as  a  fuel,  and  in  combina- 
tion with  certain  substances  as  a  compost  or  manure." — June  1. 

Richard  Christopher  Mansell,  of  Grange-road,  Surrey,  gentleman,  for  "certain  Im- 
provements in  the  construction  of  vehicles  used  on  railways  or  on  common  roads." — 
Juna  1. 

Thomas  Hunt  Barber,  of  King-street,  Cheapside,  for  "  Improvements  in  machinery  for 
sawing  wood."    (A  communication.) — June  1, 

James  Barsham,  of  Stratford,  Essex,  manufacturer,  for  "  Improvements  in  the  manu- 
facture of  mats." — June  1. 

Thomas  Burdeti  Turton,  of  Sheffield-street,  manufacturer,  for  "certain  Improvements 
in  machinery  for  bending  and  fitting  plates  or  bars  of  steel,  iron,  and  other  materials,  to 
be  used  for  locomotive  engine  and  carriage  springs,  and  other  purposes." — June  1. 

Henry  Adcock,  of  Moorgate-strcet,  London,  civil  engineer,  for  "  certain  Improvements 
in  furnaces  and  fire-places." — June  '.'<. 

William  Brindley,  of  Birmingham,  manufacturer,  for  "  Improvements  in  the  manu- 
facture of  articles  of  papier-mache." — June  fl. 

Richard  Barnes,  of  Wigan,  Lancaster,  gas  engineer,  for  "  certain  Improved  apparatus 
for  manufacturing  gas  for  illumination,  part  of  which  improvements  is  applicable  to 
retorts  for  distilling,  pyroligneous,  and  other  similar  purposes." — June  ti. 

Benjamin  Lathrop,  Esq.,  of  King-street,  Cheapside,  London,  for  "  an  Improved  wheel 
for  raihvay  purposes." — June  0. 

Joseph  Foot,  of  Spital-square,  Bliddlesex,  silk  manufacturer,  for  "Improvements  in 
making  skeins  of  silk." — June  8. 

Joshua  Procter  Weslhead,  of  Manchester,  manufacturer,  for  *'  Improvements  in 
manufacturing  fur  into  fabrics." — June  H. 

Thomas  Daiton,  of  Coventry,  silk  dyer,  for  "Improvements  in  the  manufacture 
fringes,  gimps,  and  bullions." — June  8. 

Paul  Marie  Darin,  of  Paris,  in  the  Republic  of  France,  for  "  Improvements  in  obtaining 
motive  power." — June  8. 

Richard  Want  and  George  Vernum,  both  of  Enfield,  Middlesex,  engineers,  for  "  an 
improved  steam-engine,  which  may  bo  also  worked  by  air  and  other  fluids." — June  10- 

John  Miller,  of  Henrietta-street,  Covent  Garden,  gentleman,  for  "  a  new  system  of 
accelerated  menatrite  locomotion,  even  by  animal  impulsion,  for  every  species  of  transport 
machines  acting  by  means  of  wheels,  whether  on  land  or  water."  (A  communication.)  — 
June  13. 

Charles  Henry  Capper,  of  Edgbaston,  Warwick,  gentleman,  for  a  method  of  preparing 
and  cleansing  minerals  and  other  substances."— June  13. 

Joshua  Taylor  Beale,  of  East  Greenwich,  Kent,  civil  engineer,  for  "  Iniprovements  in 
the  construction  and  arrangement  of  engines  and  machinery  for  propeUing  boats  or 
vessels  on  water,  with  a  means  of  preventing  incrustation  in  the  boilers,  parta  of  which 
improvements  are  applicable  to  land  purposes."— June  13. 

Jt  William  Hunt,  of  Dodder  Hill,  Worcester,  chemist,  for  "  Improved  apparatus  to  be 
used  in  processes  connected  with  the  manufacture  of  certain  metals  and  salts." — June  13, 
Sir  Henry  Hart,  Commissioner  of  Greenwich  Hospital,  Rear-Admiral  In  the  Navy,  for 
"  Iniprovements  in  apparatus  for  preventing  what  are  called  '  smoky  chimneys,'  " — June 
13. 

William  Chamberlin,  jun.,  of  St.  Leonard's-on-the-Sea,  Sussex,  gentleman,  for  "  Im- 
provements in  apparatus  for  recording  voles  at  elections."— June  13. 

James  Roose,  of  Darlaston,  StatTord,  tube  manufacturer,  and  William  Haden  Richard- 
son the  younger,  of  the  same  place,  for  "  Improvements  in  the  manufacture  of  tubing." 
— June  \'i. 

George  Emmott,  of  Oldham,  in  the  county  of  Lancaster,  civil  engineer,  for  "certain 
Improvements  in  the  manufacture  of  fuel,  and  in  the  construction  and  arrangement  of 
furnaces,  flues,  boilers,  ovens,  and  retorts,  having  for  their  object  the  economical  applica- 
tion of  caloric,  the  manufacture  of  gas  for  illumination,  and  the  consumption  of  smoke 
and  other  gaseous  products."— June  I'i. 
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uostnone  BiviiiK  one  of  the  plates  until  next  month;  but  when  the  volume  is  bound  up,  .       ,      "'<="^'"' »"*-"-j   ^         -  1-/1         i    i.     -        j 

ihe  two  plates  will  appear  together.  |   apparatus  IS  shown  m  the  position  it  assumes  when  the  plate  is  ad- 
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THE  JACQUARD  PUNCHING  MACHINE. 

(  With  two  Engravings,  Plates  X.  and  XI.'' ) 

Patent  Maehine  fur  Perforating  Metal  Plates,  such  as  are  used 
far  Steam- Boilers,  tSc  /  and  employed  for  Punching  the  Plates  of  the 
Tubular  Bridge  at  Conway;  made,  at  the  Globe  Works,  Manchester, 
by  Messrs.  Roberts,  Fothergill,  and  Co. 

Mr.  Roberts,  the  patentee,  has  most  liberally,  at  our  particular 
request,  furnished  us  with  all  the  detailed  drawings  of  this  very- 
important  machine  ;  for  which  we  are  sure  all  our  mechanical 
readers  will  join  with  us  in  awarding  thanks  for  his  liberality. 

Fig.  1  (Plate  X.)  represents  a  sectional  elevation  of  the  machine  ; 
fig.  2,  an  elevation  of  the  back  of  the  machine  ;  fig.  3,  a  plan-view  of 
the  apparatus  for  putting  the  punches  out  of  action  without 
stopping  the  fly-wheel;  and  fig.  4',  a  plan- view  of  a  few  of  tlie 
Jacquard  plates.  Fig.  5  (Plate  XI.)  represents  a  front  elevation  ; 
fig.  6,  a  side  elevation;  and  fig.  7, a  horizontal  section,  taken  through 
the  dotted  line  A',  A',  in  figs.  1  and  2.  Fig.  8  is  a  detached  view 
of  the  traverse-apparatus  ;  and  fig.  9,  a  detached  view  of  the 
Injlding-down  or  stripping  apparatus.  A,  A,  the  standards.  B, 
the  bed,  through  which  there  is  an  opening  for  the  punchings,  or 
metal  punched  out  of  the  plate,  to  fall  through ;  this  bed  is  in- 
serted into  the  standards  C,  a  stretcher-bar,  to  connect  the  top 
of  tlie  standards.  D,  fulcrum  of  the  levers  7,  7,  which  withdraw 
tlie  punches,  and  of  the  lever  «j,  which  traverses  the  plate.  E,  a 
fukn-um-shaft,  to  which  the  levers  7,  _/,  and  !c,  h,  are  keyed.  F,  the 
main  or  eccentric  shaft,  working  in  bushes  in  the  standards.  G, 
a  spui-wheel,  keyed  on  the  eccentric-shaft.  H,  a  pinion,  working 
into  the  wheel  G.  I,  the  fly-wheel  shaft,  on  which  are  the  fast 
and  loose  pulleys  K,  and  L,  the  pinion  II,  and  the  fly-wlieel  J. 
M,  M,  connecting-rods,  fitted  to  the  eccentric  necks  of  the  shaft 
F.  N,  N,  caps  of  the  connecting-rods  M,  M.  O,  O,  guide-plates 
for  the  punch-rams  P,  P.  Q,  the  cam-shaft.  R,  a  spur-wheel, 
loose  on  the  cam-shaft,  and  having  on  one  side  two  projections, 
between  which  there  is  an  opening.  R*,  a  locking-disc  or  plate, 
keyed  on  tlie  shaft  Q,  having  upon  it  a  spring  catch  38,  wliich 
takes  into  the  opening  between  the  projections  on  the  wheel  R. 
R,  and  R"",  are  seen  detached  in  fig.  5,  and  the  dotted  lines  on  R"' 
represent  a  weight  to  counterbalance  the  levers  k.  S,  a  toothed- 
wheel,  keyed  on  the  main-shaft  F.  T,  the  punch-ram-depressor, 
secured  to  the  connecting-rods  M,  M,  by  knuckle-joints  at  the 
lower  end  of  the  connecting-rods.  U,  a  slide-bar,  on  which  the 
frame  traverses,  which  carries  the  plate  to  be  punched.  V,  V,  two 
short  slide-bars,  to  carry  one  side  of  the  traverse-frame.  W,  a 
block  of  iron,  fastened  with  short  wedges  to  the  bed  B,  to  carry 
the  die-plate  X,  into  which  the  dies  d,  are  inserted,  and  prevented 
from  rising  by  a  collar  at  the  lower  end  of  each,  as  seen  in  fig.  11. 
Y,  a  square  shaft,  carrying  the  holding-down  levers,  or  stripping- 
fingers,  n,  0.  Z,  Z,  levers  on  each  end  of  the  shaft  Y.  a,  a,  the 
punches  let  into  the  punch-holders  b,  b,  bolted  to  the  rams  P,  as 
seen  in  the  detached  view,  fig.  5.  c,  c,  pieces  bolted  to  the  bed 
B,  to  carry  the  adjusting  slide-bars  V,  V.  d,  dies  inserted  into 
the  holder  X.  e,  e,  (fig.  1),  are  the  selecting  slide-bars,  whidi, 
when  allo\ved  to  pass  tlirough  the  card-plate,  enter  the  card-roller/; 
without  being  pushed  backward  by  them ;  the  card-roller  has  in 
this  case  six  sides,  and  the  belt  of  Jacquard  plates,  after  passing 
over  it  in  the  usual  manner,  passes  over  a  round  roller  suspended 
in  a  swing-frame,  at  such  an  angle  as  shall  keep  the  belt 
moderately  tight,  whilst  the  roller/ ad\ances  towards  and  recedes 
from  the  selectors  e.  g,  g,  brackets  projecting  from  the  depressor 
T,  and  carried  up  and  down  with  it.  h,  h,  sliding-blocks,  in  which 
the  journals  of  the  card-roller  turn.  To  an  upright  cast  on  each  of 
these  blocks,  is  fitted  a  rod  of  round  iron,  tlius,  *,  with  a  fiat  foot, 
long  enough  to  extend  over  two  of  the  six  pins  in  the  ends  of  the 
card-roller,  against  which  the  flat  foot  of  the  rods  is  made  to  press, 
by  spiral-springs  coiled  around  them  in  the  usual  manner  employed 
in  the  Jacquard-loom,  which  is  generally  known,  and  need  not  be 
further  described,  i,  i,  (fig.  1),  are  two  sets  of  guide-blocks,  for 
the  selectors  e,  one  on  each  side  of  the  depressor,  adjustable 
laterally  by  set-screws  on  flat  bars,  extending  across  the  machine  ; 
the  use  of  these  blocks  is  to  carry  the  selecting-bars  e,  which  are 
round  at  the  end  that  enters  the  cards,  and  flat  at  the  other  end, 
to  keep  them  in  their  proper  positions ;  the  centre  portion  of  each 
selecting-bar  is  a  solid  piece  of  iron,  projecting  as  much  below 
the  round  stem  as  will,  when  the  selecting-bar  is  driven  backwards 
by  a  card-plate,  permit  the  depressor  T  to  complete  its  downward 
stroke  without  the  selecting-bar  touching  the  ram  P,  under  it.    j,j, 

*  in  coitsfqueiice  of  the  elaborate  character  of  the  two  enKravinga,  we  are  obliged  to 
postpone  giving  one  of  the  plates  until  next  mouth;  hut  when  the  volume  is  bound  up, 
Ibe  two  plates  will  appear  together. 
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are  levers  keyed  on  the  shaft  E,  and  connected  at  their  lower  end 
by  links  to  the  slide-blocks  /;,  /(.  /,-,  k,  are  levers  also  keyed  on  the 
shaft  E,  antl  having  each  a  friction-roller  at  its  lower  extremity. 
On  the  shaft  Q,  are  two  cams,  one  of  which  works  a  lever  k,  on 
one  side  of  the  shaft,  and  the  other  cam  works  the  other  lever  k, 
on  the  opposite  side.  One  of  the  cams,  through  the  medium  of 
the  levers  y,,/,  and  the  links  before  referred  to,  causes  the  roller/ 
to  approach  the  selecting-bars  e,  and  the  other  cam  causes  the 
roller  to  recede  from  them,  until  by  a  catch  employed  in  the  ordi- 
nary way  in  the  Jacquard  looms,  the  roller  /  is  made  to  turn 
through  one-sixth  of  a  revolution,  and  is  then  retained  in  that 
position  by  the  pressure  of  the  spiral  spring  and  flat  foot  above 
referred  to  /,  /,  are  brackets  attached  to  the  depressor  T,  at  the 
back  of  the  machine,  seen  best  in  fig.  1.  7n,  a  bar  resting  on  the 
brackets  /,  /,  and  connected  by  rods  with  the  sliding-blocks  h,  h, 
which,  on  receding,  cause  the  bar  m  to  bring  all  the  selecting-bars 
e  into  the  position  for  depressing  the  rams,  as  seen  in  fig.  11.  n,  m, 
are  levers  having  their  fulcra  on  studs  screwed  into  the  standards; 
one  end  of  these  levers  is  connected  by  a  rod  ;),  with  the  levers 
Z,  Z ;  the  other  end  is  furnished  with  a  roller  which  is  acted  upon 
by  a  cam  u,  on  the  shaft  Q,  (see  fig  8).  0,  0,  are  the  holding-down 
levers,  adjustable  laterally  on  the  shaft  Y,  so  as  to  admit  of  one  of 
them  being  placed  on  each  side  of  every  punch,  p,  p,  are  rods 
connecting  tlie  levers  n,  and  Z.  By  adjusting  the  length  of  these 
rods,  the  levers  0,  0,  are  made  to  press  upon  plates  of  different 
thicknesses,  so  as  to  hold  the  plates  down  while  the  punches  are 
being  withdrawn,  q.  q,  le\ers  turning  on  the  fulcrum-bar  D,  for 
withdrawing  the  punches  by  means  of  the  cams  r,  r,  that  actuate 
levers  q,  q.  s,  a  broad  but  rather  thin  bar,  extending  through  the 
series  of  punch-rams  P,  shown  by  dotted  lines  in  "figs.  7,  and  2. 
The  punch-rams  P,  are  made  with  slots,  through  which  the  bar  * 
passes,  and  tliese  slots  must  be  about  two  inches  longer  than  the 
width  of  the  bar  s,  in  order  to  allow  the  punch-rams  to  be  forced 
down  when  the  l)ar  is  at  the  bottom  of  its  stroke.  t,  t,  are  links 
connecting  the  bar  .«  with  the  levers  7,  7.  11,  11,  are  cams  which 
depress  the  holding-down  levers  0,  0,  through  the  medium  of  the 
levers  n,  n,  rods  ]i,  p,  and  levers  Z,  Z,  and  hold  down  the  plate 
while  the  punches  are  being  withdrawn,  v,  a  cam  for  the  tra- 
versing-rack  5.  v;  a  lever  turning  on  the  fulcrum-bar  D,  and 
worked  by  the  cam  i\  ,r,  the  cam  for  lifting  the  rack  5.  y,  a 
lever  turning  on  a  stud  in  the  standard,  and  worked  by  the  cam  x, 
for  lifting  the  ti"iversing-raek  5.  z,  a  rod  connecting  the  lever  y 
with  the  lever  8,  seen  best  in  fig.  10.  1,  is  a  lever  on  the  traverse- 
shaft  2.  3,  another  lever  on  the  shaft  2.  4,  a  link  connecting  the 
lever  3  with  the  rack  5.  6,  a  rod  connecting  the  lever  w  with  the 
lever  1,  for  tra\-ersing  the  rack  5.  7,  a  shaft  for  carrying  the 
levers  8,  9,  and  10.  11,  a  link  connecting  the  levers  10  and  12. 
13,  a  shaft  carrying  the  levers  12  and  14.  15,  and  16,  are  links 
connecting  the  rack  5  with  the  levers  9  and  14.  17,  the  upper  or 
retaining  rack.  18,  a  stud  carrying  the  elbow-lever  19,  which  is 
provided  with  a  handle.  20,  another  stud  carrying  the  elbow- 
lever  21,  which  is  connected  by  a  link  22  with  the  lever  19.  The 
rack  17  is  carried  on  studs  in  the  horizontal  arm  of  the  levers  19 
and  21.     23,  division-studs  in  the  bar  24  of  the  traversing-frame. 

The  plate  to  be  punched  is  put  into  a  traversing-frame  formed 
of  two  side-bars,  24  and  25,  and  two  stretcher-bars  secured  by 
cottars  to  the  side-bars,  which  are  rabbeted  to  support  the  plate, 
and,  when  required,  furnished  with  clamps  to  hold  the  plate  down. 
24  represents  one  of  the  sides  of  the  traversing-frame,  in  which 
there  is  a  groove  to  fit  on  the  slide-bar  U  ;  into  the  outer  side  of 
the  bar  24,  is  screwed  a  series  of  studs  23,  represented  in  the 
engravings  as  being  12  inches  from  centre  to  centre  apart  from 
each  other.  The  side  25  of  the  frame  slides  on  the  bars  V,  V. 
When  the  plates  to  be  punched  are  very  long,  rollers  may  be 
used  to  carry  the  projecting  ends  of  the  traversing-frame.  In 
fig.  9  is  shown  part  of  a  frame,  with  a  plate  partly  perforated. 
The  racks  5,  and  17,  (fig.  10,)  are  drawn  with  three  teeth  in 
the  length  of  a  foot,  which  will  divide  plates  to  a  four-inch 
pitch ;  but  it  will  be  obvious,  that  for  a  different  pitch  the  racks 
must  be  changed ;  and  it  may,  in  some  (cases  such  as  when  the 
pitch  required  is  not  an  aliquot  part  of  a  foot)  be  necessary  to  alteir 
the  distance  between  the  studs  23.  Fig.  10  represents  the  traverse- 
apparatus,  in  the  position  it  will  be  in  when  the  retaining-rack  is 
down,  and  the  punches  in  the  act  of  passing  through  the  plate, 
and  the  traversing-rack  having  completed  its  return-stroke. 

When  the  punches  are  being  raised,  the  traversing-rack  will  rise 
also ;  and  by  the  side-piece  26  (which  is  attached  to  it)  acting 
against  the  roller  27,  on  a  stud  in  the  rack  17,  will  raise  it  also, 
and  set  the  frame  at  liberty  to  be  advanced  by  the  cam  x,  through 
the  mechanical  means  already  described.  In  fig.  1,  this  traverse- 
apparatus  is  shown  in  the  position  it  assumes  when  the  plate  is  ad- 
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vancinp.  Tlif  sjiinil-spriiitr  2S,  arts  on  the  lever  '21,  iiiul  forces 
tlie  raek  17  down  on  to  tlie  iiins  2:i.  For  every  liole  reipiircd  to 
be  punched  in  line  witli  the  width  of  tlie  plate  under  operation,  a 
oorrespondin^r  liole  must  he  made  in  a  plate  of  the  Jacijuard, 
and  an  ailditional  hole,  marked  .'iO,  (see  fifr.  !*),  is  also  made,  into 
which  the  stopiiiiii^-bar  31  enters  at  every  stroke  until  the  puiuh- 
ini(  he  Ciim]deteil,  at  which  time  the  Jacquard  plate  3'2,  which  is 
left  blank,  will  push  all  the  selertinff-bars  c  beyond  the  rams  P, 
and  at  the  same  time,  by  pushing  the  bar  31,  disengage  the  cam- 
shaft Q,  by  the  mechanism  to  be  liereafter  explained,  at  the  point 
where  the  punches  and  the  levers  o,  are  held  up,  and  thus  will 
allow  the  perforated  plate  to  be  taken  out  of  the  machine,  and 
another  plate  to  he  put  into  it.  The  stopping-bar  31,  is  provided 
with  a  projection  on  its  lower  surface,  which  depresses  the  click- 
lever  39,  when  the  bar  is  pushed  back  ;  the  lever  33  is  keyed  on  a 
shaft  3t,  moving  in  bearings  at  the  back  of  the  depressor;  on  the 
other  end  of  the  shaft  34,  is  keyed  the  lever  35,  to  tlie  upper  end 
of  which  is  attached  the  link  3(i,  connecting  it  vvith  the  elbow-lever 
37  ;  theend  of  the  other  aim  of  this  lever  is  inclined,  for  the  pui-- 
pose  of  unlocking  the  plate  R',  and  is  provided  with  a  stud,  on 
which  is  a  latch  38,  the  tail  of  which  comes  in  contact  with  the  incline 
on  the  elbow-lever  37,  when  it  is  in  the  position  shown  in  dotted 
lines  in  fig.  3  ;  and  as  the  wheel  R  revolves,  the  latch  becomes  disen- 
gaged from  the  opening  between  the  two  projections  cast  on  the  said 
wheel,  at  which  time  the  cam-shaft  Q,  ceases  to  revolve.  When 
the  stop))ing-bar  31  has  been  pushed  back,  it  depresses  the  lever 
39,  and  liberates  the  lever  33  from  beliind  the  ])rojection  on  the 
lever  39,  when  the  spring  to  will  pull  the  elbow-lever  37  into  the 
position  shown  in  dotted  lines.  To  the  blocks  h,  a  small  shaft  is 
attached,  on  which  are  two  levers,  suspending  by  links  a  plate  of 
metal  similar  to  a  blank  card-plate,  except  that  the  lioles  for 
the  guide-pins  are  cut  at  the  bottom  edge.  At  each  end  of  the 
same  shaft  is  a  lever-handle,  held  up  or  down  by  a  side-spring  in 
the  ordinary  way.  The  use  of  this  apparatus  is  as  follows : — 
Should  it  he  required  to  stop  the  machine  before  the  plate  is 
finished,  by  raising  the  lever  here  referred  to,  the  blank  plate  will 
come  in  front  of  the  roller,  and  will  act  the  part  of  a  blank  Jacquard 
plate,  and  stop  the  machine. 

Having  now  described  the  principal  parts  of  the  machine,  we 
shall  proceed  to  explain  the  manner  of  its  working.  The  plate  to 
be  punched  having  been  placed  in  the  traversing-frame,  on  the 
sides  U,  and  V,  is  then  pushed  forward.  In  its  progress,  the  first 
pin  of  the  series  23,  passes  under  the  inclined  end  of  the  rack  17, 
until  the  first  notch  in  the  rack  falls  upon  the  pin.  The  driving- 
strap  being  now  on  the  fast  pulley  K,  the  machine  is  set  to  work 
by  pulling  down  the  handle  42,  keyed  on  the  shaft  34,  until  the 
lever  33  is  latched  by  the  click-lever  39  ;  the  elbow-lever  37  is 
then,  by  the  spiral-spring  40,  brought  into  the  position  shown  in 
fig.  3.  The  latch  38  being  now  liberated,  will,  by  the  action  of 
the  spring  41,  (see  fig.  1,)  drop  into  the  notch  in  the  wheel  R,  the 
first  time  it  comes  round  ;  the  cam-shaft  Q  will  now  revolve  at  the 
same  speed  as  the  shaft  F,  and  the  Jacquard-roUer  /,  will  be 
drawn  back  and  made  to  perform  one-sixth  of  a  revolution  on  its 
centres ;  after  which  it  will  be  advanced,  and  the  first  card  of  the 
series  will  remove  those  selecting-bars  for  which  there  are  no  holes 
in  the  Jacquard  plate  ;  the  other  seleeting-bars  will  remain  over 
their  respective  rams  P,  which  will  then  force  down  the  punches 
through  the  plate,  by  the  descent  of  the  depressor  T.  A  little 
before  the  punches  have  gone  through  the  plate  under  operation, 
the  levers  o,  are  made  to  press  upon  it,  and  are  held  there  while 
the  punches  are  being  withdrawn  by  the  bar  .?,  which  rises  simul- 
taneously with  the  depressor  T,  during  one-half  of  its  ascent. 

Whilst  the  depressor  is  continuing  its  ascent  and  descent 
through  the  other  half  of  the  stroke,  the  roller  ./'  recedes,  and 
draws  with  it  the  bar  m,  which  brings  all  the  selectors  again  over 
the  punch-rams  P.  The  roller  /;  while  receding,  having  performed 
another  sixth  of  a  revolution,  will,  on  advancing,  bring  another  of 
the  Jacquard  plates  against  the  selectors,  and  the  operation 
will  be  repeated  until  all  the  holes  are  punched  in  the  plate  under 
operation. 


Iron  Vessels. — Mr.  Fowles  of  North  Shields,  suggests  the  following  ira- 
provenienls  in  the  construction  of  iron  vessels,  by  forming  the  keel  and 
kelson  of  plate  or  bar-iron  in  one  or  two  breadths,  from  IJ  to  21  inches  in 
thickness,  and  from  20  to  24  inches  deep,  and  then  to  form  the  floors  of 
angle-iron  in  two  lengths,  and  turn  the  ends  of  each  up  the  side  of  the  kelson, 
and  connect  them  together  by  rivets  through  the  kelson  from  side  to  side. 
The  floor  plates  also  to  be  in  two  lengths,  which  being  rivetted  to  the  floors, 
the  two  sides  of  the  ship  will  be  connected  together. 


CANDIDUS'S    NOTE-BOOK, 
FASCICULUS  LX-XXIV. 


"I  must  have  liberly 
WUhal,  as  large  a  charter  u*  the  winds, 
To  blow  on  wbom  I  please." 

I.  In  that  very  amusing,  but  slovenly  and  in  parts  rather  dull 
congeries  of  gossip,  entitled  "  Nollekens  and  his  Times,"  Museum 
Smith  speaks  of  a  certain  '•^  happy  possesnor  of  some  of  the  worvZ 
fraijinnits  of  the  nntii/ue  hi  this  khigtlom,  who  em)>loys  a  mere  mason 
to  put  them  together,  and  is  perfectly  satisfied  thiuigh  a  right 
foot  has  been  most  ingeniously  placed  upon  a  left  leg !"  Who 
the  "  happy  possessor"  iilluded  to  was,  I  know  not,  but  I  do  know 
that,  niutntix  mntanili.s,  the  satire  a))plies  as  forcibly,  or  in  general 
far  more  forcibly,  to  the  stupid,  and  tasteless,  and  bungling,  botch- 
ings-up  of  architectural  odds  and  ends — whether  antique  or  me- 
diieval,  classical  or  ecclesiastical — into  a  design  intended  to  pass  as 
an  unexceptionable  specimen  of  the  particular  style  which  is  pro- 
fessedly imitated,  but  generally  caricatured  more  or  less  when  so 
treated, — xeeuinluni  artem,  but  contrary  to  all  artistic  principle, 
and  not  unfrequently  contrary  to  meaning  and  purpose  also.  Would 
that  in  architecture  no  greater  blunders  were  ever  committed  than 
that  of  sticking  "  a  right  foot  on  a  left  leg," — in  which  case  the  artist 
might  fairly  have  excused  himself  by  swearing  point  blank  that  it 
was  not  the  ri</ht  foot. — Our  being  imitators  at  the  present  day 
might  be  forgiven ;  but  we  are  not  so  much  imitators,  as  mere 
copyists,  incapal)le  of  entering  into  the  spirit  or  meaning  of  our 
models, — which  are  to  us  little  better  than  blind  guides,  simply 
because  we  ourselves  ftdlow  them  blindly,  and  without  the  least 
regard  to  widely-altered  circumstances,  ^^hat  more  may,  under 
present  circumstances,  be  made  of  a  style,  is  what  we  never  con- 
sider. Yet  if  we  really  studied  our  models,  we  should  find — at 
least,  in  all  those  most  deserving  of  being  studied — every  part  well 
motived  and  adapted  to  the  express  occasion.  How  far  we  in  that 
respect  imitate  those  who  have  gone  before  us,  I  leave  it  to  the 
impartial  reader  to  determine  for  himself. 

II.  In  his  above-mentioned  book.  Smith  is  pleased  to  say  :  "  Men 
of  true  taste  visit  a  mansion  onlyupon  the  report  of  its  statues,  busts, 
and  pictures.  The  architecture  of  a  house  unadorned  by  such  pro- 
ductions of  art,  would  not  induce  the  general  traveller  to  drive 
twenty  miles  out  of  his  road,  nor  even  five.  How  few  allurements, 
indeeti,  would  the  Marquis  of  Lansdown's,  Lord  Pembroke's,  Lord 
Egremont's,  Lord  Farnhorough's,  Sir  Abraham  Hume's,  Mr.  Peel's, 
(now  Sir  Robert),  and  many  other  noble  mansions  have,  if  totally 
destitute  of  their  fine  collections  of  statues  and  pictures  1" — No 
doubt  such  would  be  the  case,  but  why  } — first,  because  there  is 
nothing  whatever  of  architectural  interest  in  the  "  noble  mansions" 
themselves  ;  and,  secondly,  because  if  there  were,  your  "  general 
travellers"  have  very  little,  if  any  taste  at  all  for  architecture. 
I  was  the  other  day  in  a  house  here  in  town, — one  that  I  may 
fairly  call  an  "  architectural  house,"  which  although  totally  "  desti- 
tiite  of  pictures  and  statues,"  with  the  exception  of  a  bnsso-relier^o 
by  Lough,  over  a  chimney-piece  in  one  of  the  rooms,  is  in  itself  all 
picture — as  superior  to  Peel's  as  a  pine-apple  is  to  a  pippin.  For 
my  own  part,  whenever  I  go  over  a  house  for  the  first  time,  I  have 
neither  eyes  nor  thought — nor  if  I  had,  1  have  not  time — for  any- 
thing but  the  architecture  itself.  As  to  pictures  and  statues,  any 
dowdy  house  may  be  bedizened  out  with  them,  and  still  be,  as  a 
house,  as  dowdy  as  ever, — a  perfect  cluster  of  C's  :  very  convenient, 
very  comfortable,  very  commodious,  very  correct,  very  comme-il- 
faut,  and  very  (most  of  all)  comnuni-place. 

III.  In  his  anecdotes  relative  to  Cosway,  Nollekens'  biographer 
says  that,  after  quitting  Pall-Mall,  "  he  (Cosway)  fitted  up  his  new 
residence  (No.  20,  Stratford-place)  in  so  picturestpie,  and  indeed  so 
princely  a  style,  that  I  regret  drawings  were  not  made  of  the  general 
appearance  of  each  apartment ;  for  many  of  the  rooms  were  more 
like  scenes  of  enchantment  pencilled  by  a  poet's  fancy  than  any 
thing,  perhaps,  before  displayed  in  a  domestic  habitation."  If  such 
really  was  the  case,  they  certainly  were  worthy  of  being  delineated  ; 
yet  we  may  be  allowed  to  entertain  some  misgivings — first,  because 
such  a  character  of  the  house  partakes  too  much  of  the  ^'glamour 
might"  of  some  of  George  Robins's  advertisements;  and,  secondly, 
nothing  is  said  to  corroborate  it,  or  to  give  us  any  idea  whatever 
of  those  "  scenes  of  enchantment,"  notwithstanding  that  the  writer 
could  at  least  have  done  that, — have  spoken  of  "  the  general  appear- 
ance of  each  apartment,"  and  have  so  far  rescued  them  from  com- 
plete oblivion.  Instead  of  which,  he  merely  goes  on  to  astound  us 
by  enumerating  some  of  the  costly  articles  of  furniture  and  vert& 
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which  were  displayed  in  the  habitation  of  that  once  fashionable 
and  now  forgotten  painter  : — to  wit,  "  ancient  chairs,  couches,  and 
conversation  stools,  elaborately  carved  and  gilt,  and  covered  with 
the  most  costly  Genoa  velvets ;  escritoires  of  ebony  inlaid  with 
mother-of-peari ;  rich  caskets  for  antique  gems  exquisitely  en- 
amelled, and  adorned  with  onyxes,  opals,  rubies,  and  emeralds  (!). 
There  were  also  cabinets  of  ivory,  curiously  wrought ;  mosaic 
tables  set  with  jasper,  blood-stone,  and  lapis-lazuli."  Suffice  it  to 
say,  that  there  were  besides,  among  a  variety  of  other  things, 
"massive  musical  clocks,  ottomans  superbly  damasked,  Persian 
carpets,  chimney-pieces  carved  by  Banks,  bronzes,  models  in  wax 
and  terracotta,  crystal  cups  adorned  with  the  York  and  Lancaster 
roses,  &c.  ike."  To  meet  with  such  prodigal  sumptuousness  in  the 
house  of  a  painter  must  have  been  astonishing  enough — almost 
incredihle  when  contrasted  with  the  scrubby,  though  never  scrubbed, 
dog-hole  rooms  in  which  old  "  Nolly  "  and  his  amiable  spouse 
thrilled  so  well ;  or  the  wretched,  but  richly  cobwebbed,  garret  in 
which  Barry  entertained  Burke  with  a  beef-steak  and  a  pot  of 
porter. — Still,  I  am  quite  at  a  loss  to  make  out,  from  all  that  Smith 
says  of  Cosway's  house,  aught  that  warrants  the  expression  of  the 
rooms  being  so  many  scenes  of  enchantment,  there  being  not  a 
syllable  even  with  regard  to  any  of  their  decorations,  or  to  indicate 
any  particular  fancy,  or  recherche  taste,  or  well-studied  eftects  in 
the  rooms  themselves.  Sumptuous  furniture  and  almost  priceless 
works  of  art  may  be  put  into  a  very  common-place  room  ;  but  in 
such  case,  the  latter  is  merely  the  receptacle  of  the  other  objects, — 
stripped  of  which,  it  would  not  be  worth  looking  at ;  whereas — in 
a  first-rate  mansion,  at  least — every  part  of  it,  except  the  entirely 
private  and  domestic  rooms,  should  be  laid  out  with  studied  regard 
to  effect,  and  to  variety  of  effects — without,  however,  departing  from 
consistency  as  to  general  character.  Each  apartment  should  be 
itself  a  picture, — strikingly  beautiful  in  itself,  charming,  captivat- 
ing, before  it  receives  its  finishing  touches  in  the  way  of  furniture 
and  other  accessories.  At  present,  as  they  are  left  by  architects, 
rooms  (even  those  in  the  best  houses)  are  little  better  than  blanks, 
— large  four-sided  boxes  for  the  cabinet-maker  and  upholsterer  to 
fill ;  in  doing  which,  thev  may  chance  to  empty  your  purse  before 
you  are  aware  of  it, — or  if  they  do  not  actually  do  that,  they  are 
likely  to  disgrace  your  taste  by  cramming  your  rooms  with  a  medley 
of  ill-assorted  articles,  agreeing  only  in  being  all  alike  very  ex- 
pensive ones. 

IV.  In  anecdotizing  some  of  the  former  residents  in  St. 
Martin's-lane,  Smith  notices  No.  60,  as  the  house  once  occupied 
by  Chippendale,  "  the  most  famous  upliolsterer  and  cabinet-maker 
of  his  day,  to  whose  folio  work  on  household  furniture  the  trade 
formerly  made  constant  reference.  It  contains,  in  many  instances, 
specimens  of  the  style  of  furniture  so  much  in  vogue  in  France  in 
the  reign  of  Louis  XIV,  but  which,  for  many  years  past,  has  been 
discontinued  in  England.  However,"— I  entreat  my  reader  to 
mark  this — "  as  most  fashions  come  round  again,  I  should  not 
wonder,  notwithstanding  the  beautifully  classic  change  brought  in 
by  Tliomas  Hope,  P^sq.,  if  we  were  to  see  the  unmeaning  sci-oll 
and  shell-work  with  which  the  furniture  of  Louis'  reign  was  so 
profusely  encumbered,  revive ;  wlien  Chippendale's  book  will 
again  be  sought  after  with  redoubled  avidity,  and  as  many  of  the 
coi)ies  must  liave  been  sold  as  u-aate-jxiper,  the  few  remaining  will 
probably  bear  a  higli  price."  Smith's  apprehension  is  already  to  a 
considerable  extent  verified  :  and  that  same  Louis  Quatorze  taste, 
which,  although  dignified  by  such  title,  is  essentially  both  puerile 
and  barbarous,  corrupt  and  unprincipled — quite  contrary  to  every 
sound  principle  of  sound  art,  seems  to  be  now  spreading  tln-ough 
all  branches  of  decorative  design  and  ornamental  manufactures ; 
some  recent  specimens  of  which,  though  cried  up  by  those  who 
professing  to  guide  public  taste  ought  to  know  better,  are  chiefly 
remarkable  not  for  elegance  or  beaut)'  of  form  and  combination 
in  any  respect,  but  rather  for  quite  the  reverse,  and  for  what  has 
been  quaintly  termed  '■'•  the  depravity  of  eleynnce ;"  which  singular 
perversitv  of  taste  is  the  more  unaccountahle,  as  well  as  lament- 
able, now  that  we  have  Government  Schools  of  Design.  Really, 
if  such  institutions  produce  no  better  fruits  than  the  specimens 
alluded  to,  the  sooner  tliey  are  broken  up  altogether,  the  better. 
The  instruction  there  given,  no  more  qualifies  for  producing  ar- 
tistic design,  than  learning  to  read  and  write  qualify  for  a  literary 
career.  M'ere  things  left  to  take  their  natural  and  healthy 
course,  very  few  except  those  who  really  possessed  talent — or 
what  is  next  to  it,  a  decided  relish  for  art — would  think  of  applying 
to  it.  Where  talent  really  exists,  such  institutions  are  no  doubt 
highly  beneficial,  by  enabling  it  to  develope  itself;  but  then,  on 
the  other  hand,  they  are  mischievous,  inasmuch  as  they  turn  out 
upon  the  world  a  great  many  more  who  are  quite  talentless,  though 
furnished  with  a  certain   degree  of  manual  proficiency  ;   and  as 


such  talentless  creatures  "must  live,"  and  cannot  possibly  be  in- 
terdicted from  exercising  pro  malo  publico  what  tliey  are  pleased  to 
call  their  "  talent, "  the  ultimate  injury  to  art  and  to  public  taste  is 
greater  than  tlie  benefit.  I  remember  a  priggisli  young  Oxford 
student  boasting  in  company  of  the  many  eminent  men  who  had  been 
educated  in  his  college,  when  he  was  cut  short  by  some  one  calling 
out  to  him — "  But  you  don't  say  a  word  of  the  thousands  and  tens 
of  thousands  of  blockheads  which  it  has  also  turned  out,"  adding, 
sotto  voce,  "  and  I  take  you  to  be  one  of  them." 

V.  In  a  letter  on  the  subject  of  the  the  Architectural  Publica- 
tion Society,  a  correspondent  of  the  AthencBum  says,  after  quoting 
what  is  stated  in  that  Society's  prospectus,  as  to  the  paucity  of 
architectural  works  in  this  country :    '•  Surely  the    thumb-screw 
must  have   been   applied   to   extort  this  confession !"      When   a 
remark   to    the    same   effect — that   is,   animadverting   upon   the 
paucity  of  English  architectural  publications,  was  made  some  short 
time  ago  in  the    Westminster  Review,  a  gentleman  wlio  now  figures 
among  the  "  Promoters"  of  the  above-mentioned  Society,  thought 
proper  to  contradict  it  publicly  at  one  of  the  meetings  of   the 
Institute;    nevertheless,    what    was    then     deemed    an  injurious 
calumny,  is  now  proclaimed  to  be  the  fact.     Indeed,  it  is  wonder- 
ful that  any  one  should  have  had  sufficient  hardihood  to  dispute 
it.     For  a  certain  class  of  architectural  books,  there  has  been  a 
considerable  demand  and  corresponding  degree  of  supply,  of  late 
years ;  but  they  are  merely  elementary  ones,  and  besides,  almost 
exclusively  confined  to  the  Gothic  style  and  to  ecclesiastical  ar- 
chitecture.    Even  graphic  publications,  such   as  those  by  Haghe, 
J.  Nash,  Richardson,  and  others,  have  been  entirely  mediaeval — at 
least,  of  the  "  olden  times"  in  subjects,  and  some  of  them  altoge- 
ther continental  in  their  subjects  also.     We  possess  no  satisfactory 
illustrations  of  contemporary  English  buildings,  either  in  collec- 
tions containing  examples   by   difl^erent   architects,  or  in   works 
brought  out  by  the  respective  architects  themselves.     Sir  Jeffrey 
Wyatville's   "  \V'indsor  Castle,"  is  the  last  and  almost  the  only 
English  publication  of  the  kind  that  has  appeared  in  the  present 
century  ;  and  that  was  by  no  means  so  satisfactory  and  interesting 
as  it  might  have  been,   it  doing  only  half  its  work,  owing  to  the 
entire  omission  of  sections,  notwithstanding  that  tliey  were  indis- 
pensably requisite  for  much   important  information  that  is  not   to 
be  obtained  at  all,  except  by  means  of  such  drawings.     To  what- 
ever it  may  be  ascribed,  this  falling-off  in  architectural  publica- 
tions is  all  the  more  surprising,  when  we  consider  how  very  much 
has  been  done  in  architecture  during  the  last  thirty  years.     Some 
few  years  ago,  Mr.  \Veale,  as  will  very  well  be  recollected,  made  an 
offer  to  the  Institute  to  bring  out  annually  a  volume  of  designs  of 
the  best  buildings  executed   by  living  architects  ;  but  instead  of 
such  liberal  offer  being  thankfully  accepted,  it  was  rejected  not  only 
once,  but  twice — -for  some  time  after  the  first  rejection,  it  was  re- 
peated, and  rejected  moreover  in  the  most  sulky  and  ungracious 
manner.     Yet  now,  these  same  people — for  many,  if  not  most  of 
the  ''Promoters"  belong  to  the  Institute — come  forward  and  whine 
out,  that  in  architectural  publications  we  are  far  behind  all  our 
continental  neighbours,  and  "  our  deficiencies  are  very  great,  as 
a  comparison  of  catalogues  will  show"  !     It  would  seem,  then,  that 
something  like  shame  is  at  length  felt.     Let  it  be  disguised  as  it 
may,  the  fact  is,   architectural  works   of  a  higher  class   (conse- 
quently expensive  ones),  similar  to  those  which  have  appeared  ou 
the   continent    during   the   last    thirty   or   forty   years,   are   not 
saleable — that  is,  do  not  obtain  a  remunerating  sale.     There  is 
no  encouragement  for  bringing  them  out ;  wherefore,  all  enter- 
prise of  the  kind  is  checked  by  certainty  of  loss.     There  are  no 
publishers  of  them,   for   a  plain  and   unanswerable  reason — viz., 
there  are  no  purchasers  of  them.     It  is  not  indeed  to  be  supposed, 
that   every   copy   would   remain  unsold,   but  the   purchasers  are 
so   exceedingly '  few,  that  works  of  the  kind   could  not  be  pro- 
vided for  them,  except  by  putting  an  enormous  price  upon  the 
books.     Why   aU   this   should   be  the   case,   it   is   more   easy   to 
guess  than  it   would  be  flattering  to  say.     According  to  all  ap- 
pearances, the  demand  for  them  ought  to  be  far  greater  than  ever. 
The  architectural  profession  has  surprisingly  increased  in  numbers; 
then  we  have  a  Royal  and  chartered   Institute,  which  of  course 
exerts  itself  most  laudably  in  promoting  and  diffusing  on  all  sides 
a  taste  for  architectural  studies  ;  then,  agjin,  we  have  a  Fine  Art 
Commission,  under  whose  cognizance  architecture  comes  very  pro- 
minently forward pity,  let  me  observe,  par  parenthise,  that  said 

Commission  did  not  take  under  their  cognizance  also  Mr.  Blore's 

additions  to  Buckingham   Palace  ! and  as  the  CJommissioners 

are  selected  from  the  aristocratic  classes,  the  very  natural  presump- 
tion is,  that  Architectuie,  as  well  as  the  other  Fine  Arts,  is  studied 
among  our  aristocracy  and  the  higher  ranks  of  society.  We  have 
blue-books  on  matters  of  art,  architecture  included ;  item,  architec- 

30* 


296 


THE  CIVIL  ENGINEER  AND  ARCHITECT'S  JOURNAL. 


|_AUGUST, 


tural  societies  almost  innumerable; — nevertheless  and  notwith- 
standing; all  these  favourable  symptoms,  architectural  study — at 
any  rate,  architectural  publishinj,^  is  now  at  the  lowest  ehl>.  Yet, 
hardly  is  it  because  we  in  this  country  are  so  poor  that  we  cannot 
afford  to  iudulije  in  those  book-luxuries,  which  our  certainly  not 
wealthier  continental  neighbours  do.  The  plain  truth  is,  that 
notwithstamliiiK  all  our  present  chattering  about  art,  we  know 
nothing  about  it,  and  care  less : — now,  if  any  one  calls  that  a  biitl^ 
I  return  the  coni])liment,  by  calling  him  a  great  citlf. 

VI.  If  architectural  works,  corresp(niding  in  character  with 
those  wliich  used  at  one  time  to  be  published  in  this  country,  and 
which  up  to  the  present  time  have  continued  to  be  brou;,'ht  out 
upon  the  continent,  are  no  longer  engaged  in  by  us,  it  is  to  be  at- 
tributed, some  will  perhaps  say,  to  their  being  supplied  to  us  by 
the  continent  itself.  That  such  publications  as  those  of  Schinkel, 
Kleuze,  Gartner,  Famin,  Gauthier,  Letarouilly,  Cicognara,  Canina, 
Cassina,  Uiedo,  Runge,  Gladbach,  Tietz,  Joly  (Chambre  des 
Depute's),  Calliat,  (Hotel  de  Ville  de  Paris),  and  a  great  many 
others,  are  known  here,  there  can  be  no  doubt.  One  or  two  of 
them  are  stock-books  with  English  booksellers.  Yet,  whether 
they  have  been  imported  to  such  extent  as  to  render  all  home- 
production  of  the  same  sort  quite  unnecessary,  may  very  well  be 
doubted.  Granting,  however,  such  to  be  the  fact,  the  conse(|uence 
is,  the  continent  gets  nothing  of  a  similar  kind  from  us  in  return ; 
wherefore,  foreign  architects,  who  would  probably  be  benefitted  by 
some  exchange  of  ideas  with  us,  are  left  to  suppose  that  English 
ones  produce  nothing  worthy  of  being  shown,  or  that  will  bear  the 
test  of  examination  when  fully  exposed  by  being  delineated  in  all  its 
parts.  AVe  can  \ery  well  afford,  it  may  be  said,  to  let  other 
countries  entertain  whatever  opinions  they  please  of  us,  in  the 
matter  of  architecture  and  art.  Very  true  ;  why,  then,  are  some 
among  us  so  sore,  so  picpied,  and  so  touchy,  whenever  it  happens 
to  be  intimated  that  we  lag  far  behind  foreigners  in  regard  to 
architectural  publishing,  "as  any  comparison  of  catalogues  will 
show" — a  confession  now  paraded  before  the  public  with  the  con- 
sent and  under  the  auspices  of  several  of  our  leading  arcliitects  ? 
If  we  have  acted  right  of  late  years  in  entirely  abstaining  from 
producing  architectural  i)u1)lications  that  miglit  proudly  rank  with 
the  best  foreign  ones  of  the  kind,  there  is  nothing  at  all  to  be 
angry  or  to  blush  at,  whenever  as  much  is  stated.  Rather  ought 
we  to  congratulate  ourselves  upon  our  superior  prudence  and 
discretion.  Why  should  "■  any  comparison  of  catalogues"  disturb 
us,  or  discompose  the  serenity  of  our  tempers .''  On  the  other 
hand,  if  it  be  now  considered  desirable  to  show  rivalry  with  the 
continent,  in  respect  of  architectural  publications,  ivhat  is  con- 
templated by  the  "  Architectural  Pub!icati(m  Society"  will  go  but 
a  very  little  way  indeed  towards  accomplishing  such  object. 

VII.  It  might  very  naturally  be  imagined  that  architecture  is 
pretty  generally  studied  by  our  higher  and  middling  classes,  and 
that  there  would  accordingly  be  a  considerable  and  constant  de- 
mand for  books  relating  to  it,  it  being  from  those  classes  that 
those  who  sit  in  committee  and  in  judgment  upon  designs  sent  in 
at  competitions  are  selected,  or  else  elect  themselves.  They  are 
of  course  all  "  highly  resjjectable"  and  "  honourable"  persons,  and 
so  forth  ;  yet  that  avails  nothing,  if  they  ])ossess  not  at  the  same 
time  some  intelligence  of  architecture  itself,  which  certainly  does 
not  come  all  at  once  by  intuition,  just  when  there  happens  to  be 
occasion  for  exercising  it,  nor  is  it  to  be  acquired  without  con- 
siderable study  and  application.  Possibly,  it  may  be  that  those 
who  enter  committees  of  tlie  kind  are  so  exceedingly  ignorant, 
as  not  to  be  at  all  aware  of  the  responsibility  they  take  upon 
themselves,  or  their  own  utter  unfitness  for  the  office  they  assume. 
The  consequence  is,  that  although  by  undertaking  it  they  are  dig- 
nified— at  least,  fancy  themselves  to  be  so — art  is  damned.  Ac- 
cording to  the  present  precious  system  of  managing  such  matters, 
the  sending  in  a  carefully-studied  design  is  no  better  than  casting 
pearls  before  swine.  A  production  of  the  kind  elicits  nothing 
tetter  than  a  grunt,  and  the  decision  is  made  in  favour  of  swill 
and  Sansovino.  Now,  if  gentlemen  like  to  call  f(u-  a  bottle  of 
genuine  old  Sansovino,  they  are  welcome  to  do  so  ;  but  it  is,  as  my 
Lord  Liverpool  would  have  said,  "really  too  bad"  to  cause  other 
people  to  send  in  a  hundred  samples  of  various  sorts,  when  the 
said  Sansovino  alone  was  wanted.  Alas  !  for  both  the  nous  and  the 
honour  of  the  Army  and  Navy, — at  least.  An-  those  of  the  Army  and 
Navy  Club,  who,  after  taxing  in  no  ordinary  degree  (owing  to  the 
limited  space  of  the  first  sight)  the  ingenuity  of  between  sixty  and 
seventy  architects,  decided  in  favour  of  a  jirosaic  affair  vamped-up 
after  Sansovino.  That  l)usy-body  prig,  t'ount  d'Orsay,  deserves 
to  be  well  ducked  in  a  'Orse-pond,  for  leading  the  Army  and  Navy 
— our  British  Army  and  Navy,  or  their  Club  at  least — by  the  nose. 
Rather  ought  the  "club"  to  have  been  so  wielded  as  to  knock  his 


Countship  down,  and  send  him  to  grope  in  the  abyss  of  his  cox- 
ciuubical  conceit.  However,  if  English  architects  like  to  be 
kicked  by  French  counts,  without  attempting  to  resent  it,  so  be 
it.  They  may  be  both  kicked  and  spit  upon  for  aught  that  1  care, 
if  they  are  too  cowardly  to  protect  themselves. 

VIII.  In  what  he  says  of  the  Royal  Exchange,  the  writer  in  the 
current  number  of  the  "  Wmtniiiiatcr"  makes  no  objection  to 
that  edifice  being  so  greatly  disfigured  by  the  shops.  It  is  also 
somewhat  strange,  that  while  he  so  vehemently  coiulemns  the 
excess  to  which  decoration  has  been  carried  at  the  Houses  of  Par- 
liament, he  is  quite  silent  with  regard  to  what  persons  less  critical 
will  be  likely  to  consider  the  greatest  fault  of  all — namely,  the 
enormous  cost  so  incurred.  Mr.  Hume's  words,  when  he  said  (in 
1836)  he  firmly  believed  that  the  expense  of  Mr.  Barry's  plan 
would  be  double  the  estimate,  have  already  been  verified.  Mr. 
Mackinnon  went  even  further,  and  declared  that  "  Two  Millions 
will  not  cover  the  expense."  Let  us  then  "  firmly  believe"  that 
Three  Millions  will  do  so. 


ARCHITECTURE  AT  THE  ROYAL  ACADEMY. 

[third  notice.] 

Owing  to  the  Exhibition's  terminating  this  season  somewhat 
earlier  than  usual,  and  to  our  not  knowing  that  it  was  about  to 
close  until  just  a  daj'  m-  two  before,  when  we  were  ])re\ented  from 
re-visiting  it,  we  must  now  trust  to  our  memory  and  a  ievi  slight 
notes  previously  taken  down  by  us,  for  such  further  account  as  our 
readers  must  now  be  content  with.  Of  the  one  hundred  and  sixty 
drawings  in  the  Architectural  Room,  forty-six  may  \ery  well  be 
said  to  have  "  no  business"  there,  they  being  not  original  architec- 
tural productions — not  designs  and  compositions  by  the  respective 
exhibitors,  but  merely  views  and  other  portraitures  of  different 
buildings,  or  bits  of  buildings.  Now,  in  our  opinion,  subjects  of 
that  kind  are  at  the  best  somewhat  out  of  place  in  an  architectural 
exhibition,  if  only  because  an  annual  exhibition  is,  unless  otherwise 
expressed,  expected  to  show  us  the  performances  of  contemporary 
talent.  Were  the  Architectural  Room  three  or  ftjur  times  larger 
than  it  is, — or,  what  would  be  better  still,  were  there  two  sufficiently 
spacious  rooms,  one  of  which  might  be  set  apart  for  what  is  mere 
architectural  portraiture,  there  would  be  no  objection  to  productions 
of  the  latter  description  being  admitted,  provided  they  were  worthy 
of  being  so,  either  on  account  of  intrinsic  interest  or  freshness  of 
subject,  or  superior  ability  and  charm  as  regards  artistic  execution. 
Unfortunately,  the  reverse  of  this  is  the  case  :  buildings  that  have 
become  quite  hackney  and  stale  (having  been  shown  again  and 
again  both  in  book  engravings  and  drawings,  and  also  in  copies 
from  them,  till  we  almost  sicken  at  the  bare  mention  of  their  names) 
are  allowed  to  find  admission  at  the  Academy,  in  hundreth-edition 
representations  of  them.  And  not  only  are  such  things  admitted, 
while  original  architectural  productions  are  turned  away,  but  many 
of  them — and  perhaps  some  of  the  stalest  or  else  most  trivial  in 
subject,  are  allowed  to  occupy  better  places  than  drawings  which 
show  us,  or  rather  would  show  us  what  we  ha^■c  not  before  seen, 
were  they  not  hung  where  they  cannot  be  seen  themselves.  As  we 
have  already  observed,  this  is  the  unhappy  case  of  No.  1095,  the 
new  Coffee  Room  of  the  Carlton  Club-house ;  while,  as  if  on  purpose 
to  render  that  case  a  still  more  scandalous  one  several  large  frames, 
which  contain  only  very  uninteresting  views  of  architectural  ruins, 
are  placed  very  conspicuously  nearly  upon  the  "//»(•."  Had  No. 
1095  been  differently  described — had  it  passed,  as  it  very  fairly 
might  have  done,  under  the  name  of  Mr  Sydney  Smirke,  with  the 
information  that  the  encaustic  embellishments  were  by  Mr.  Sang, 
it  would,  we  suspect,  have  been  very  differently  treated.  Well,  let 
us  hope  that  it  will  be  admitted  again  next  season,  for  it  certainly 
canmit  be  rejected  as  having  been  "  already  publicly  exhibited, ' 
unless  being  publicly  put  out  of  sight  is  just  the  same  as  being 
"  puldicly  exhibited."  The  linnger-s  seem  to  think  that  they  are  at 
libertv  to  do  just  as  they  please  in  the  Architectural  Room,  and 
commit  all  sorts  of  absurdities  there  without  incurring  the  slightest 
censure.  They  know  well  enough  thatthe  architectural  drawings  are 
never  spoken  of  by  the  newspapers  press;  the  hangmen,  however, 
are  merely  the  executioners  :  they  are  not  responsible  for  judicial 
blunders  and  %vant  of  judgiuent  in  the  judges  themselves,  who  not 
content  with  condemning  this  year  many  meritorious  architectural 
performances,  by  rejecting  them,  have,  by  admitting  them  signified 
their  ajiprobation  of  a  great  many  others  which,  whatever  some 
among  them  may  be  as  drawings,  are  below  mediocrity  as  designs. 
If  it  be  the  policy  of  the  Academy  to  bring  architecture — that  is, 
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architectural  drawing's,  into  still  further  discredit  and  disfavour 
with  the  puhlic,  as  a  step  towards  such  works  heiiii;  excluded  alto- 
gether, after  its  beinff  voted  to  be  beneath  the  dii/iiity  of  a  Royal 
Academy  to  admit  them  into  its  exhibitions,  much  as  we  may 
admire  the  astuteness  of  such  policy,  tve  must  reprobate  its  trea- 
cherousness. 

To  begin — as  it  is  now  high  time  for  us  to  do,  our  notices  of  such 
drawings  as  we  can  now  speak  to,  we  will  first  of  all  mention  those 
which  belong  to  what  is  invariably  the  most  scanty,  though  assuredly 
not  the  least  interesting  or  least  important  class  of  subjects,  we 
mean  Interiors.  One  of  them,  whose  title  excites  curiosity  the 
most,  is,  as  has  already  been  stated,  ]iut  quite  out  of  sight.  The 
next,  No.  1117,  "  The  Drawing  Room  and  Corridor  of  the  Army 
and  Na\'y  Club-house,"  Alrssrs.  Alhm  mid  Cross,  fares  \-ery  little 
better,  it  consisting  of  two  small  drawings  in  the  same  frame, 
which  being  only  slightly  tinted  in  sepia,  and  hung  up  considerably 
above  the  eye,  are  jiardly  observable."  Of  these  two  subjects  we 
prefer  the  "Corridor"  one,  as  manifesting,  besides  taste  and  con- 
siderable novelty  also,  more  judgment  with  regard  to  due  gradation 
of  effect  than  the  usual  mistakenly  ambitious  practice  of  making 
the  approach  to  the  apartments  in  a  club-house  or  private  mansion 
far  more  imiiressive  and  important — architecturally  speaking — than 
the  rooms  themselves, — pompous  prefaces  to  what  is,  if  not  actually 
paltry,  more  or  less  common-place.  We  question  whether  the 
actual  Clul)-  house  now  in  progress  will  be  able  to  show  anything  half 
so  full  of  effect — so  scenic,yet  not  at  all  extravagantly  or  forcedly  so, 
but  rather  (|uite  the  reverse — as  this  portion  of  Messrs.  A.  and  C.'s 
design  would  have  been.  At  the  same  time,  we  think  there  was 
more  than  one  other  design  offered  that  was  upon  the  whole  still 
better  than  theirs.  However,  the  Club,  or  perhaps  the  Count — 
the  Hercules  who  wields  that  chih,  and  against  whom  all  the  argu- 
ments of  criticism  count  for  nothing,  lias  decided  dift'erently.  We 
find  that  we  have  passed  over  in  its  numerical  order,  an  interior 
placed  conspicuously  enough,  therefore  not  at  all  likely  to  be 
passed  by  unnoticed  on  the  wall,  viz..  No.  104,  "Design  for  the 
Interior  of  a  Room,  decorated  with  Illustrations  of  the  Coldstream 
Guards,"  H.  Shaw.  This  design  is  about  as  odd  as  its  title  is  oddly 
worded.  The  drawing  is  a  large  and  pains-takingly  laboured  one  ; 
the  "interior"  of  the  room  shows  what  is  meant  for  florid  Tudor 
Gothic  in  all  its  floridness,  in  which  flags  and  heraldic  embellish- 
ments bear  a  prominent  part ;  still  it  is  not  by  any  means  to  our 
taste,  and  we  therefore  consign  it  over  to  the  "illustrated"  if  not 
illustrious  Coldstream  Guards,  for  their  especial  admiration.  As 
No.  1299,  "Drawing  of  an  Ancient  State  Pall  lielonging  to  the 
Company  of  Fishmongers,"  is  by  the  same  exhibitor,  it  may  pro- 
perly enough  come  in  for  notice  immediately  after  the  preceding. 
Its  title  shows  it  to  be  an  exceedingly  antiquarian  aft'air — far  more 
antiquarian  than  at  all  architectural.  It  is,  in  fact,  little  more 
than  a  highly-laboured  drawing  of  a  more  curious  than  tasteful 
7ieedle-work  relic.  What  business  it  has  to  be  here  in  one  of  the 
very  best  situations,  we  do  not  understand ;  on  the  contrary, 
marvel  much  at  finding  it  here  at  all,  knowing,  as  ne  happen  to  do, 
some  of  the  architectual  designs  which  were  turned  away  in  order 
to  make  way  for  such  a  very  o/d-liidi/ish  aft'air  as  this.  Perhaps  it 
took  the  fancy  of  the  old  ladies  in  the  Academy. 

No.  1200,  '"  Entrance  Hall  and  Staircase  of  the  British  Mu- 
seum," as  decorated  by  L.  W.  CoUinun,  is  a  large  and  most  capti- 
vating drawing,  and  strange  perha])s  to  say  tolerably  well- 
placed.  As  to  its  subject,  it  is  not  so  acceptable  as  one  less  known 
would  have  been,  the  Museum  being  freely  open  to  every  one  ;  and 
so  far,  we  could  wish  that  Mr.  C.'s  drawing  had  changed  places 
with  Mr.  Sang's, — the  interiors  of  club-houses  being  not  made  of 
"  penetrable  stuff,"  hut  their  beauties  as  carefully  secluded  from 
gaze  profane  and  critic's  eye,  as  are  those  of  an  eastern  harem. 
In  itself,  the  Museum  staircase  is  not  particularly  striking — strik- 
ing only  by  comparison  with  the  plainness  and  bareness  of  the 
other  parts  of  the  building — the  King's  Library  alone  excepted. 
Faithful,  too,  as  is  Mr.  C.'s  representation,  it  is  a  flattering  one, 
because  of  the  hall  itself  it  shows  nothing  more  than  what  serves 
as  fore-ground  to  the  staircase,  which  is  seen  directly  in  front. 
All  disturbing  circumstances — all  that  detracts  from  or  interferes 
with  the  scenic  eff'ect,  as  the  staircase  is  thus  shown,  is  kept  out 
of  sight.  You  are  at  liberty  to  fancy  that  it  displays  itself  thus 
on  first  entei  ing,  or  that  if  not  at  one  extremity  of  the  hall,  it 
comes  in  at  least  at  the  centre  of  one  side  of  it. — No.  1224  gives 
another  staircase — viz.,  that  at  "Beaumanor  Park,  Leicestershire," 
W.  Railton  ;  in  favour  of  which  very  little  can  be  said,  either  as 
regards  the  design  itself,  or  the  manner  in  which  the  view  is 
taken.  The  style  adopted  is  the  heavy,  cumbrous  Elizabethan, 
whose  quaint  carved-work  is  far  more  costly  than  elegant,  although 

*  Although  the  Exhibition  is  closed,  we  speak  as  usual  in  the  present  tenss. 


it  costs  an  architect  nothing — no  study  or  thought,  if  he  be  content 
merely  to  copy  without  studying  how  to  refine  upon  such  style, 
and  bring  it  into  keeping  with  modern  taste  and  notions  as  dis- 
played in  all  respects  tliroughout  a  modern  residence. — No.  1288, 
"  Design  for  an  Entrance  Saloon,  adapted  to  the  English  climate," 
W.  Papwortli,  puzzles  us  exceedingly.  In  what  particular  respect  it 
is  more  adapted  to  our  climate  than  any  other  room,  we  are  unable 
to  guess ;  unless  it  be  that  its  excessive  gaudiness  and  flutter  of 
colours  is  intended  to  counteract  the  chilling  influence  of  an 
English  sky.  Nor  is  the  architecture  at  all  better  than  the  taste 
shown  in  embellishment  as  regards  colour.  The  room  has  the  look 
of  a  tawdry  tavern  "  saloon." 

We  have  got  to  the  end  of  "  Interiors,"  for  we  do  not  compre- 
hend under  that  designation  those  of  churches,  both  old  and  new  ; 
the  former  of  which  are  of  course  mere  views,  not  the  designs  of 
those  who  here  exhibit  them  ;  while  the  latter,  which  might  else 
be  made  to  afford  some  exercise  for  inventive  power  and  imagina- 
tion, are,  thanks  to  our  modern  ecclesiologists,  their  pedantry 
and  their  prudery,  strictly  bound  to  imitate,  and  as  far  as  possible 
facsimilize,  the  old  ones  ;^wherefore,  to  ecclesiologists  and  to  Mr. 
Urban,  we  leave  them.  The  only  design  of  that  class  which 
struck  us  at  the  time,  or  which  we  can  now  call  to  mind  with  any 
distinctness,  is  1183,  "  Higlibury  New  Church,  now  erecting"  by 
T.  Alloni.  That  this  is  a  very  charming  drawing — one  distinguished 
by  its  artistic  treatment,  we  hardly  need  say,  its  author's  name 
being  a  sufficient  guarantee  for  such  merit ;  but  it  has  also  great 
merit  in  other  respects.  The  architecture  itself  is  treated  artisti- 
cally;— all  the  spirit  and  better  qualities  of  the  style — Gothic  or 
mediieval,  as  now  matter  of  course,  are  preserved.  The  \iew 
here  given  of  the  church  is,  however,  so  exceedingly  picturesque 
and  episodical,  that  we  cannot  judge  from  it  what  tlie  structure  is  or 
will  be,  upon  the  whole.  Having  mentioned  this  subject,  we  may 
be  allowed  to  turn  at  once  to  another  and  quite  dift'erent  <uie,  by 
the  same  architect — viz.,  No.  1229:  "Continuation  of  a  Design 
for  Improving  the  Property  on  the  Banks  of  the  Thames,  &c." 
This  we  take  to  be  altogether  "  a  castle  in  the  air" — too  gigantic 
a  scheme;  not,  indeed,  an  impracticable  one,  but  one  which  has  not 
the  slightest  chance  of  being  realised,  or  even  seriously  tlnmght 
of  at  all  in  our  time,  or  Mr.  Allom's.  ^V'hen  he  conceived  it  and 
was  at  work  upon  his  drawing,  Louis  Philippe  was  u])on  his  throne  : 
that  Louis  is  so  no  longer ;  neither  is  Ludwig.  Tempora  niiitan- 
tnrj  all  Europe  has  received  a  shock — but  we  are  getting  prosy. 
To  speak  more  architecturally  and  critically,  we  may  observe,  that 
for  "  improving  property  on  the  banks  of  the  Thames,"  we  should 
read  "on  the  north  bank'itf  the  Thames,"  because,  like  every  other 
which  has  had  a  similar  object  in  view,  Mr.  Allom's  scheme  pro- 
vides no  improvement  whatever  for  the  south  or  opposite  bank  of 
the  river,  the  meanness  and  deformities  of  whose  buildings  would 
become  more  offensive  than  ever,  were  they  to  be  confronted  by, 
and  looked  at  from  terraces  and  quays  on  the  north  side,  flanked 
by  such  facades  as  are  represented  in  this  design. 

There  is  more  than  one  good  drawing  and  very  fair  design  for 
houses  in  the  Elizabethan  style — shall  we  ever  get  to  a  Victorian 
style  .'' — which  we  are  unable  now  to  particularise,  but  among  which, 
if  our  memory  deceives  us  not,  as  for  reason  explained  it  may 
do — is  No.  1115,  "  A  House  now  erecting  at  Southend,  Sydenham," 
H.  E.  Cox  and  E.  Goodwin.  There  is  another  drawing  apparently 
by  the  same  hand,  but  of  a  design  by  a  different  exhibitor,  though 
in  the  same  style,  and  similar  also  in  many  other  respects ;  yet 
which  it  is  we  cannot  undertake  to  say,  the  pencil  notes  in  our 
marked  catalogue  being  nearly  effaced.  To  confess  the  truth  we 
must  now  hurry  on  to  Finis,  and  content  ourselves  with  merely 
naming  some  of  the  few  things  that  deserve  to  be  rescued  from  the 
imputation  of  dulness  and  mediocrity,  or  even  worse,  with  which 
the  architectural  part  of  this  year's  Exhibition  is  chargeable. — No. 
1112,  "The  Stoke  Station,  now  erecting  from  the  designs,  and 
under  the  superintendence  of  H.  A.  Hunt,"  G.  Buckler,  has  con- 
siderable merit  in  parts,  but  is  very  unequal,  and  therefore  unsatis- 
factory as  a  whole.  Here  again  the  style  is  Elizabethan  ;  and  did 
the  drawing  represent  a  t)ondfide  production  and  monument  of  that 
age,  it  would  be  interesting  enough  ;  but  as  a  design  at  the  present 
day,  it  partakes  too  strongly  of  the  fidelity  of  the  Chinese  tailor 
who  copied  all  the  holes  In  the  coat  which  was  sent  to  him  as  a 
pattern  of  an  English  one.  Considerable  praise  is  due  to  No.  1211, 
"  Court-yard  of  a  Gentleman's  Farm-house,  lately  erected  ;"  and  No. 
1213,  "  Design  for  a  Chapel  at  Edmonton,"  both  by  F.  W.  Ordish  ; 
also  to  No.  1270,  "  Additions  to  Frankleigh  House,  Wilts,"  H. 
Clutton.  Although  there  is  too  much  of  the  aforesaid  Chinese 
tailor  in  it,  we  confess  to  relishing  Mr.  Harkwick's  design  for  a 
"  House  about  to  be  erected  at  Aldermaston,  Berks,"  No.  1217. 
Pity  that  it  is  of  the  "  olden  time"  and  not  of  our  own;  for  if  we 
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continue  tn  po  on  thus  tlie  nineteentli  century  will  be  positively  a 
IjImuU  in  tlic  liistiirv  (if  nrchitccture,  and,  unlike  that  of  Eliziiheth, 
till' reif.ni  of  Victoria  an  absolute  nullity.  AVith  No.  12(11,  "New 
Huihlini^'s  in  the  Temjile,"  S.  Smirkf,  we  are  by  no  means  so  well 
satisfied.  Not  onlv  are  they  more  continental  than  Eniflish  m 
physiofrnomy.  hut  they  do  not  at  all  accord  vrith  any  thiiitr  near 
them  ;  on  tlie  contrary,  are  ipiite  a  patch  stuck  u]ion  that  range 
of  buildinfrs  wliich  tjiey  are  inteiuled  to  carry  on  and  complete. 
While  others  are  effaciner  and  defacing  Snane's  works,  Mr.  Smirke 
seems  to  he  anxious  to  undo  or  else  go  quite  counter  to  Sir  Robert  s 
doings. 


ON  TRIGONOMETRICAL  FORMULiE  FOR  FINDING 
THE  LEVEL  OF  TWO  DISTANT  OBJECTS. 

By  R.  G.  Clark,  C.E. 

The  object  of  this  communication  is  to  exhibit  some  simple  for- 
mula", that  may  at  one  operation  serve  to  determine  the  levels  of 
distant  ohjects' witli  respect  to  the  station  from  wliich  the  angles 
are  taken.  The  subject  may  be  considered  thus:  we  have  on  a 
vertical  plane  II  ADB,  the  given  angles  H  A  C,  HAD,  from  HA 
the  sensible  horizon,  and  the  given  height  C  D,  to  determine  the 
level  of  1)  at  the  base  with  respect  to  B,  the  base  of  the  station  A. 
(.«('c  fig.  1.) 

There  are  two  cases  :  first,  when  the  vertex  A  of  the  station  is 
above  the  level  of  the  summit  of  the  object  CD;  and,  secondly, 
when  the  vertex  A  is  below  the  level  of  ('. 

1st.  Let  the  given  angle  of  depression  H  A  C  =:  0  ;  also  the  angle 
H  A  D  =  fl  ;  the  given  height  of  the  object  C  D  =  A  ;  and  H  D  =:  y. 

Then  by  the  triangle  CAD  we  have 

Jl    (•QS    0 

sin  (9—$)  :  ft  ::  sin  (90°  —  B)  or  cos  s:   -     ,    '—  ^  =  A  C. 
^  '  ^  '  sin(fl  — ;3) 

By  the  right-angled  triangle  A  H  C,  we  have 

sin  0   -.y  —  h-.W.   '^^^^    =  A  C. 
sm/3 


FIg.l. 
Equating  the  above  values  of  A  C, 

h  .  cos  e 


y- 


(e  sin  —  0)  sin/3' 

Therefore,  A .  cos  8  .  sin  e  =  {y  —  ft)  .sin  (9  —  /3) 
=  (y  —  K)  (sin  9.  cos  /3 — cos  6.  sin  6) 
=  2/  .  sin  9  .  cos  5  —  y  cos  9  .  sin  6  —  ft  .  sin  e  .  cos  /3  +  ft  . 
sin  j3  ;  by  transposing,  j/(  sin  6  .  cos  ;3  —  cos  6  .  sin  /3)  =  ft 

cos  fl 


cos  e 

sin  e  . 
1. 


T.  '*  •  sin  fl .  cos  5  .  ,        „N  /„N 

Hence  «  :=  -  -. — ,- „r  ,  or  u  =  ft  .  sin  fl .  cos  fi  .  cosec  .  ( e  —  &)  (2) 

^  sin  (fl  —  /3)  '      "  '  ^   ' 

Dividing  each  side  of  (1)  by  sin  fl.  cos  S,  we  have 

y  =  :; ^  „    . ;  hut  tan  /3  =: ;  therefore, 

1  —  cot  9  .  tan  /3  '  cot  )3 

ft  .  cot  )5 

^^cotfl  — cot^  (-^O 

The  formula  (2)  may  be  adapted  for  logarithmic  computation 
thus —  ' 

I/OSy  =  log  sin  8  + log  cos  6  + log  cosec  (9  — 6)  -f  logh— 30. 

The  equation  ^3)  can  be  effected  by  natural  co-tangents  to  he 
found  in  Huttons  "  Mathematical  Tables."  An  example  is  sub- 
joined to  elucidate  the  equation  (2). 

Ex.  It  being  required  to  determine  the  level  of  two  objects  by 
angles  of  depression  from  the  sensible  horizon,  taken  at  the  summit 
of  an  edifice,  as  St.  Paul's,  the  height  being  4.01.  (.««■  fijr  i )  •  tl 
H  A  C  =  3"  20' ;  the  angle  H  A  D  =  8"  30' ;  and  the  lieia 


=  300  feet 

Here  9  =  8°  30' ;   ;3  =  3°  20'  ; 


le  angle 
ht  C  D 


By  formula  (2)  we  have 

Log  sin  8"  30'       9-169702 

Log  cos  .  3°  20' 9-999265 

Log  cosec  .  5'   10        ...   11-0+.5J01 
Log  300         2-477121 

2-691589  =  log  H  D  =  log  491-7. 
Therefore  491-7  —  404  —  87-7  feet. 

Hence  B  is  87-7  feet  above  the  level  of  D. 

2nd.  When  the  summit  of  the  station  A  is  below  the  level  of  the 
vertex  C  of  the  object  C  I),  fig.  2. 

Let  H  D  =  y  ;  D  C  =  ft' ;  the  angle  H  A  D  =  9  ;  and  the  angle 
H  A  C  ^=  /3 ;  and  proceeding  exactly  the  same  manner  as  before, 
we  have 

ft'  .  sin  9  .  cos  6  ,..  „  /„i„N         /.N 

«' ^        .     ,  ,      ,  or  =  ft  .  sin  9  .  cos  3  .  cosec  (9    -\- &) (4.) 

"  sin  (e  +  P)     '  \        ^      J         \    I 

A    1  ft .  cot  /3  . 

And  y  = r— ; —„  (5.) 

■         cot  i3  -f  cot  9  ^    ' 

The  only  difference  being  in  the  signs. 

Hence  D  C  -«-  A  B  =  height  of  one  object  above  the  level  of  the 
other. 


Remark.  When  the  angles  are  taken  to  seconds,  it  is  more 
advantageous  to  use  (2)  and  (4),  as  the  case  may  be,  to  ensure 
greater  accuracy.  To  solve  the  foregoing  question  by  the  First 
Case  of  Plane  Trigonometry  would  recjuire  tliereby  more  than  two 
operations  :  hence  the  manifest  value  of  the  above  formula:'. 

The  subject  is  a  valuable  exercise  to  the  young  student  in  sur- 
veying, as  giving  him  jiioper  ideas  of  the  utility  of  trigonometrical 
formulae  for  the  means  of  rendering  operations  more  simple  iur 
computation. 


9  — fl  =  5"  10';   and  A  =  300. 


ISOMETRICAL  PERSPECTIVE. 

It  is  to  he  regretted  that  isometrical  perspective  is  not  in  more 
general  use  amongst  engineers  and  architects  ;  but  the  infrequency 
of  its  application  to  designs  of  machinery  and  buildings,  arises  in 
a  great  measure,  perhaps,  fi-oiu  the  difficulty  usually  experienced 
in  properly  representing  curved  lines.  In  this  kind  of  perspective, 
we  know  that  a  circle  inscribed  within  a  square  is  represented  by 
an  ellipse  touching  the  centre  of  each  side  of  an  oblique  paral- 
lelogram, as  in  the  annexed  figure.  Now,  there  is  no  instru- 
ment which  can  be  set  to  describe 
sucli  an  ellipse,  unless  we  first  dis- 
cover the  transverse  and  conjugate 
diameters  n,  b,  and  c,  r/, — a  some- 
wliat  troublesome  preliminary.  It 
is,  therefore,  much  to  be  desired 
that  an  instrument  could  be  con- 
trived, whereby  the  draughtsman 
would  be  enabled  to  produce  the 
ellipse  with  no  more  trouble  than 
tlie  simple  measurement  of  the 
radius  of  the  circle  to  he  represented.  Perhaps  the  following 
suggestion  may  supply  that  desideratum  : — 

To  a  block  of  metal  o,  let  there  be  two  projecting  pieces,  r  and 
d,  each  one  carrying  a  pair  of  radius-bars  e,J\  andy,  ft  ;  let  those 
bars  exactly  agree  in  length,  and  let  each  pair  be  so  united  by  a 
pin  passing  loosely  through  the  projecting  piece,  that  their  centre 
lines  form  an  angle  of  30°.  Then,  if  c  and  g  be  maile  to  carry  a 
straight  bar  ft,  and /and  ft  an  arch  /,  having  a  tongue  or  blade  j», 
which  bears  upon  /c,  we  shall  have  an  instrument  by  means  of 
which  we  can  describe  an  isometrical  ellipse  ;  and  the  mode  of 
using  it  will  be  to  press  upon  o,  with  the  thumb  of  the  left  hand, 
and  with  tlie  fingers  ot^  tlie  same  hand  turn  the  arm  ?n,  and 
thereby  the  two  pairs  of  radius-bars — while  at  the  same  time  the 
right  hand  holds  a  pencil  point  in  the  corner  o,  at  the  crossing  of 
in  and  k.  The  pencil  will  thus  he  made  to  describe  half  the  iso- 
m  etrical  representation  of  a  circle,  «  hose  radius  is  equal  to  that  of 
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the  arms  p, /,  g,  h  ;  and   by  turninc;  the  instrument  or  the  paper 
round,  tlie  other  half  may  be  drawn  with  equal  facility. 


By  constructina:  the  instrument  so  that  the  arms  could  be  ad- 
justed to  any  radius  at  pleasure,  we  sliouhl  tlien  be  enabled  to 
represent  a  circle  of  any  diameter  within  its  ranjje.  Ellipses,  also, 
could  be  represented  in  this  kind  of  perspective,  by  its  means.  If 
it  were  required  to  show  the  semi-ellipse  a,  i/,  c,  d,  the  only  ad- 
justment necessary  would 
,  be  to  set  the  radius  of  /and 

A  to  the  line  a,  6,  and  that  of 
e  and  g  to  the  line  b,  d, — 
and  the  curve  produced 
would  be  the  true  figure,  ac- 
cording to  the  rules  of  the  art.  Moreover  if  the  angles  formed 
by  the  arms  could  be  altered  at  pleasure,  we  should  have  at  com- 
mand an  infinite  variety  of  simple  curves,  embracing  all  that  are 
derived  from  the  isometrical  projection  of  regular  figures  in  any 
plane. 

The  form  of  the  instrument  may  differ  materially  from  that 
represented  here — it  may  be  made  to  describe  the  whole  figure 
without  being  moved  from  its  first  position ;  but  our  sketch  and 
description  will,  no  doubt,  be  sufficiently  suggestive  of  all  that  is 
required  to  render  it  efficient. 

R.  B.  C. 


PORTABLE  COFFERDAM,* 

SPECIALLY  ADAPTED    FOR  HARBOUR    AND    OTHER    MARINE    WORKS. 

By   Thomas  Stevenson,  F.R.S.E.,  Civil  Engineer,   Edinburgh. 
(Read  before  the  Royal  Scottish  Society  of  Arts,  January  10,  1848.^ 

When  it  is  necessary,  in  the  execution  of  marine  works,  to  carry 
on  founding  or  excavation  in  exposed  situations  within  the  high- 
water  mark,  cofl"erdams  of  the  common  description  are  not  found 
to  be  answerable.  Many  circumstances  conspire  in  rendering  such 
erections  inapplicable  in  situations  where  they  are  required  to 
stand  for  several  tides.  The  waves  occasioned  by  a  very  moderate 
breeze  of  wind  wUl,  in  many  cases  even  in  the  course  of  a  few 
hours,  either  entirely  break  up  a  well-constructed  cofferdam,  or 
render  it  leaky  and  unserviceable.  Again,  wliere  there  happens  to 
be  a  covering  of  a  few  feet  of  sand  above  a  rocky  bottom,  the  piles 
will  be  found,  even  where  there  is  shelter  fnmi  the  waves,  to  have 
no  stability,  and  to  fall  inwards  as  tlie  sand  is  removed  from  the 
interior,  although  every  care  be  taken  to  support  tliem  with  shores 
or  struts. 

Tlie  temporary  dams  which  are  generally  employed  in  the  execu- 
tion of  tide-works  are  of  a  very  simple  construction,  and  are  in- 
tended to  be  serviceable  during  only  one  or  two  tides.  They  consist 
of  a  row  of  short  piles  which  are  driven  in  the  line  of  a  runner  or 
waling-piece,  and  as  the  excavation  proceeds,  the  piles  are  from 
time  to  time  driven  farther  down.  But  this  kind  of  erection  is 
very  unsatisfactory,  and  in  many  situations,  and  for  a  variety  of 
purposes,  it  is  in  fact  quite  useless ;  for  I  have  always  found  that 
it  was  impossible  with  this  dam  to  drive  the  piles  straight,  from 
there  being  only  one  waling-piece  to  direct  them.  But  even 
although  they  could  be  driven,  a  farther  source  of  inconvenience 
still  remains,  for,  as  the  stuff  is  removed  from  the  interior,  there  is 
nothing  left  but  tlie  single  waling  to  resist  the  pressure  from  the 
outside,  and  the  bottoms  of  the  piles  being  speedily  forced  inwards, 
all  attempts  to  carry  the  excavation  farther  must  necessarily  be 
abandoned. 


*  Aa  abstract  of  this  paper  was  givea  iu  the  Journal  of  February  last,  p.  ii. 


At  Hynish  harbour,  Argyllshire,  in  1843,  I  had  a  tains-wall  to 
found  on  sand,  whicli  covered  a  rocky  beach  to  the  depth  of  from 
two  to  tliree  feet.  At  another  place,  the  rock  was  not  only  to  be 
bared,  but  a  navigable  channel,  twenty  feet  wide,  and  in  some 
places  as  deep  as  eight  feet  in  the  rock,  together  with  a  small  tide- 
basin,  were  to  be  excavated  to  the  level  of  the  low -water  springs. 
The  shores  also  were  frequently  subject,  even  during  the  summer 
months,  to  a  very  heavy  surf. 

The  excavation  of  the  tide-basin,  which  formed  the  landward 
part  of  the  work,  was  effected  by  means  of  a  series  of  dams,  con- 
sisting of  walls,  built  of  pozzolano  rubble.  These  were  found  to 
be  quite  water-tight,  and  to  answer  remarkably  well  in  every 
respect ;  but  they  required,  for  their  protection  against  the  waves, 
a  considerable  bulwark  or  breakwater  of  Pierres  perdues  to  shelter 
them  from  the  waves. 

In  the  excavation,  however,  which  had  to  be  undertaken  seaward 
of  the  breakwater  of  Pierres  perdues,  any  attempt  to  exclude  tlie 
water  during  tlie  wbole  of  the  tide,  was  what  I  never  considered 
practicable.  A  trial  was  accordingly  made  to  effect  the  excavation 
by  means  of  a  low  wall,  composed  of  a  clay-rubble,  resembling  in 
its  object  those  low  dams  consisting  of  logs  of  wood  bedded  in 
clay,  which  are  often  adopted  in  harbour-works,  and  wliich  are 
only  intended  to  keep  out  tlie  tide  during  the  first  part  of  the 
flood,  and  to  be  pumped  dry  before  the  operations  of  the  next  tide 
are  begun.  But  after  many  attempts  with  this  clay-wall,  it  became 
quite  evident  that  it  would  not  be  possible,  with  its  assistance,  to 
carry  the  excavations  to  near  the  level  of  low-water  springs,  which 
was  due  principally  to  two  causes.  First,  because  sand  and  shingle 
were,  during  almost  every  tide,  washed  in  large  quantities  over 
the  top  of  the  wall  into  our  excavation  pit ;  and,  secondly,  because 
the  waves  washed  out  the  clay  from  among  the  stones,  so  as  to 
render  the  barrier  no  longer  water-tight. 

Being  now  compelled  to  set  about  some  other  way  of  carrying  on 
the  work,  I  had  recourse  to  tlie  simple  method  shortly  to  be  ex- 
plained, and  which  more  than  realised  my  expectations.  Before 
giving  a  description  of  this  method,  however,  it  will  be  interesting, 
as  well  as  still  farther  explanatory  of  the  required  objects,  to  quote 
a  few  lines  relating  to  somewhat  similar  difficulties,  from  a  Report 
upon  the  Harbour  of  Peterhead,  which  was  drawn  up  in  the  year 
1806  by  the  late  Mr.  John  Rennie : — "  The  next  material  object  of 
consideration,"  says  the  Report,  "  is  that  of  deepening  the  harbour, 
which  at  present  cannot  well  accommodate  vessels  drawing  more 
than  12  feet  of  water  in  the  spring-tides,  but  in  neaps  is  not  suffi- 
cient. To  render  this  harbour  more  extensively  useful,  it  would 
be  advisable  to  have  17  or  18  feet  of  water  over  the  greatest  part 
of  its  bottom,  and  particularly  along  the  west  quay.  The  mode  of 
performing  this  kind  of  work  will  be  different,  according  to  the 
difference  of  situation.  Those  places  where  the  tide  ebbs  from  the 
surface,  and  continues  so  for  some  time,  may  be  done  by  blasting, 
or  by  loosening  the  stones  with  quarrying  tools  in  the  usual  man- 
ner ;  but  in  those  parts  where  the  tide  seldom  leaves  the  bottom,  and  in 
others  but  for  a  short  time,  different  methods  must  be  resorted  to.  The 
best  of  all  would  be  enclosing  large  spaces  by  cofferdams,  and 
working  at  all  times  of  tide  by  quarrying  tools  or  blasting,  as 
might  best  suit;  but  in  some  situations  this  would  be  inconvenient, 
as  the  dams  would  be  in  the  way  of  vessels  going  into  and  coming 
out  of  the  harbour.  In  such  situations  perhaps  the  simplest  and 
most  expeditious  mode  would  be  to  use  cast-iron  cylinders  of  7  or  8 
feet  diameter,  having  strong  canvas  fixed  to  the  lower  flanch, 
which  might  be  kept  to  the  bottom  by  bags  of  sand  in  places  where 
there  was  but  little  agitation ;  but  where  there  is  much,  an  oute- 
cylinder  might  be  sunk  thereon,  to  keep  them  in  their  situations." 

The  cylinders  proposed  by  Mr.  Rennie  were,  no  doubt,  quite 
adequate  to  tlie  special  purpose  and  locality  for  which  they  were 
designed,  and  they  unquestionably  possess  some  advantages  not  to 
be  gained  by  other  means ;  but,  on  the  other  hand,  they  are 
attended  with  difficulties  and  disadvantages  which  precluded  their 
adoption  in  tlie  present  case.  Those  objections  were  the  limited 
area,  the  weight  and  unwieldiness  of  such  cylinders,  their  inflexible 
nature  and  unalterable  form,  as  affording  no  means  in  themselves 
of  adaptation  to  the  very  irregular  rocky  bottom  which  was  to  be 
excavated,  and  what  was  of  as  much  consequence,  the  difficulty 
which  must  ha\e  attended  the  removal  of  the  partitions  of  rock,  or 
those  parts  which  would  necessarily  be  left  between  the  different 
compartments  of  tlie  cutting.  The  last  two  objections,  it  may  be 
remarked,  refer  equally  to  wooden  caissons,  or  other  contrivances 
on  the  same  principle. 

In  the  present  case,  then,  the  following  requisites  were  to  be 
provided  for.  In  the  founding  of  the  talus-wall,  all  that  was  re- 
quired was  some  method  which  would  enable  the  found-stones  to 
be  laid  as  deep  in  the  sand  as  possible,  for  which  purpose  the  dam 
did  not  require  to  be  absolutely  water-tight,  provided  it  were 
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capable  of  excludinir  from  tlie  inside  the  sand  which  was  so  lial)le 
to  replace  wliat  wari  roinoved  from  the  interior.  For  tlie  excava- 
tion ot'tlie  rock,  on  tlie  other  hand,  it  was  necessary  that  the  dam 
ihiiiild  he  water-tifiht.  and  suitable  for  takinjj  out  all  the  ])arti- 
tions  ;  anil  botli  situations  required  piles  for  fittinp^  close  to  the 
irreijular  bottom,  and  those  piles  needed  some  support  other  than 
the  soil  into  which  they  were  to  be  driven. 

To  effect  such  objects,  it  was  clear  that  the  means  to  be  adopted 
m!ist  be  at  once  easily  manafied  and  efficient.  For  although, 
where  there  is  time  for  their  emjiloyment,  many  complicated  and 
troublesome  refinements  of  construction  are  forced  to  answer 
purposes  which  misht  have  been  attained  by  simpler  means,  or  by 
less  cumbrous  arranfjements,  yet  1  was  well  aware  that  in  the 
hurry  and  bustle  attendins^  tidal  operations  and  nif>;ht-work,  nothiiifi- 
can  be  tolerated  but  what  is  in  every  respect  easily  managed  and 
truly  efficient. 

In  the  accompanying  diagrams,  A  G  represents  a  frame  of 
double  waling-[)ieces  connected  at  the  angles  by  the  uprights 
I    I,   and   bound   together  by   the  long   bolts   L,   with  forelocks 


and  washers,  while  E  F  shows  similar  double-framed  walings  for 
the  inside  of  the  dam,  and  of  smaller  dimensions,  with  their  up- 
rights U,  and  connecting  bolts  K.  These  frames  being  jdaced  in 
the  required  ]iosition,  the  one  frame  inside  of  the  other,  the  piles 
C,  are  driven  down  between  them  with  heavy  malls. 

The  dam  was  V-i  feet  long  by  lu  feet  broad  inside,  so  that  five 
men  were  able  to  work  in  the  interior."  If  it  was  to  be  fixed 
within  low-water  mark,  the  two  fi-ames  being  placed  in  the  water, 
were  guided  to  the  sjiot  by  the  men  in  charge,  and  whenever  they 
were  in  the  desired  position,  the  men  at  once  moored  or  fixed  the 
frames  to  the  bottom,  by  driving  down  a  pile  at  each  corner.  After 
this  was  done,  all  the  jiiles  were  placed  between  the  frames  and 
driven  down,  anil  keyed  up  by  the  small  piles  called  "  closers." 
Four  iron  jumpers  J,  were  then  driven  down  to  their  ]iroper  places 
outside  of  the  frames,  and  edge  ])lanks  for  retaining  the  clay  were 
slipped  down  ujion  the  jumpers  through  iron  staples,  which  were 
fixed  to  the  planks.  After  this,  good  clay  (which  should  have  some 
gravel  mixed  with  it,  to  protect  it  from  the  wash  of  the  sea)  was 
piiiuied  hard  between  the  planks  and  the  coft'erdam,  after  which  the 
mast  N  was  erected,  and  the  water  taken  out  by  means  of  the  iron 
scoop  shown  in  the  drawing,  which  not  only  was  used  in  taking 
out  the  stuff,  but  proved  far  more  efficacious  than  any  pump  we 
ever  had.  Indeed,  to  get  the  dam  pumped  dry  was  for  long  the 
greatest  difficulty  we  had  to  contend  with.  But  Mr.  AVilliam 
Downie,  to  whom  I  gave  the  charge,  soon  removed  this  difficulty, 
by  using  the  scoop  instead  of  a  pump.  The  capacity  of  the  scoop 
was  about  37  gallons,  and  they  generally  made  nine  deliveries  a 
minute,  so  that  we  found  this  method  greatly  more  expeditious 
than  any  other. 

As  the  excavation  proceeded,  the  piles  were  from  time  to  time 
driven  down ;  and  when  the  rising  tide  began  to  come  over  the 
pile-heads,  or  to  rise  above  the  clay,  the  men,  before  lea\ing  their 
work,  placed  the  flooring  or  "rfec/f,"as  it  was  called,  within  the 
piling,  with  the  ends  of  the  planks  resting  upon  the  top  of  the 
inner  frame.  On  this  deck,  ballast  (consisting  of  stones  of  a  con- 
venient size)  was  deposited  to  prevent  the  whole  frame  from  being 
floated  up, — the  quantity  so  dei)osited  varying  with  the  height  of 
tide,  or  appearance  of  the  weather.  As  each  compartment  of  the 
excavation  was  completed,  and  before  the  dam  was  removed,  the 
rock  below  the  two  rows  of  piles  which  adjoined  the  next  cuttings 
was  completely  taken  out,  and  the  piles  driven  down  to  the  bottom 
of  the  excavated  pit,  ami  left  standing.t  \V'hen  the  dam  was 
taken  up,  the  frames  were,  for  the  next  compartment  of  cutting, 
again  sujierimposed  upon  one  of  the  rows  which  iiad  been  left 
standing  in  the  last  pit.  In  this  way  no  rock  could  possibly  escape 
being  removed  ;  and  when  the  frames  were  to  be  put  down  anew, 
there  was  no  difficulty  (although  the  pit  was  entirely  co\ered  with 
sand)  in  knowing  exactly  the  position  which  they  were  to  occupy, 
as  the  piles  which  had  been  left  standing  were  an  infallible  guide. 

The  advantages  peculiar  to  this  description  of  dam  are  its  cheap- 
ness,— its  portability, — its  ready  adaptation  to  a  slojjing-,  or  even  to 
a  very  irregular  bottom, — the  ease  and  certainty  with  which  the 
partitions  between  the  different  pits  are  removed, — and  the  double- 
fiamed  walings  that  supjiort  and  direct  the  driving  of  the  piles. 
Wherever  excavations  require  to  be  made  in  a  rocky  beach,  covered 
by  a  stratimi  of  sand,  however  thin,  there  need  not  be  any  hesita- 
tion in  adopting  this  form  of  dam,  as  there  is  no  kind  of  lateral 
support,  such  as  stays  or  shores  wanted,  the  structure  containing 
within  itself  the  elements  necessary  for  its  stability.  It  possesses, 
indeed,  all  the  properties  of  a  caisson,  and  has  the  further  advantage 
of  accommodating  itself  to  an  irregular  bottom.  J 

I  may  observe,  in  conclusion,  that  although  this  form  of  con- 
struction is  specially  adapted  to  marine  works,  in  the  execution  of 
which  it  has  proved  a  most  valuable  auxiliary,  the  same  principle 
might  also  be  carried  to  a  greater  extent,  and  be  rendered  fit,  with 
little  trouble,  to  answer  for  a  variety  of  works, — such  asunder- 
footing  quay  walls,  founding  bridges,  and  in  removing  fords  or 
other  obstructions  from  the  beds  of  rivers.  The  application  of  a 
double-framed  waling  I  have  also  found  in  itself  a  very  useful  ap- 
plication in  several  situations,  and  for  a  variety  of  purposes. 

*  Since  this  pap-r  was  printeii,  a  fotf<T(lain  on  the  same  principle  and  thirty-five 
feet  square,  lias  been  made  fur  the  Fortli  Navigation  vvorlfs,  Stirliiiij,  where,  in  the 
removal  of  tile  '*  fords,"  no  ier  my  directio'i,  nmcft  ditficulty  has  hitherto  been  experi- 
enced, from  the  coiistani  ti  jw  of  the  river. 

t  Before  lidiiig  the  cutferdam,  the  pit  was  tilled  with  sand,  to  support  the  piles  that 
were  to  remain,  which,  when  the  works  vveie  done,  was  cleired  out  by  means  of  a  wate.'- 
sconr,  provided  for  the  purpuse  of  keeuing  permanently  open  the  navigable  tract. 

J  lu  siluaiiotis  also,  where  there  is  a  considerable  depth  of  water,  and  where,  conse- 
qaently,  the  frames  must  l»e  made  so  as  ti  stand  high  above  the  ground,  it  will  be  found 
of  great  advantage  to  plank  the  outside  of  the  frames  between  A  and  G.  Th's  will  not 
onlj  make  the  dam  uiore  wat«r-tlght,  but  have  the  elfect  of  binding  and  strengthening 
the  framework. 
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THE  THEATRES  AND  PORTICOS  OF  ANCIENT  ROME. 

Paprr  read  at  a  meeting  of  the  Royal  In.ttitate  of  British  Architects, 
June  Vith.    By  tlie  Rev.  Richard  Burgess,  B.D. 

In  looking  among  my  antiquarian  and  literary  stores  to  prepare 
a  subject  for  the  Institute,  I  again  found  that  it  was  not  necessary 
for  me  to  go  out  of  old  Rome,  for  altliough  In  a  series  of  papers 
spread  over  some  twelve  years,  I  have  led  you  "  o'er  steps  of 
broken  thrones  and  temples,"  and  placed  you  in  forums,  baths,  or 
halls,  I  have  never  yet  described  to  you  the  theatres  and  porticoes 
which  formed  so  important  a  feature  in  the  architectural  beauties 
of  Rome. 

The  amphitlieatre  was  an  edifice  unknown  to  the  Greeks,  the 
theatre  was  hardly  ever  naturalized  among  the  Romans,  and  with 
the  exception  of  some  tragedies,  ascribed  to  Seneca,  which  are  lost, 
it  does  not  ai)pear  that  a  single  Roman  tragedy  was  ever  composed 
upon  a  Roman  subject.  Porticoes,  which  were  generally  in  the 
vicinity  of  theatres  and  circuses  at  Rome,  are  tlie  natural  growth 
of  a  climate  subject  to  great  heat  and  sudden  rains:  we  lose  in 
these  nortliern  regions  that  great  ornament  of  a  city,  the  portico. 
Our  admiration  is  limited  to  arcades  and  covered  markets,  which 
it  must  be  confessed  are  more  for  use  than  ornament.  But  I 
return  to  tlie  tlieatre.  Tlie  ancient  and  modern  dranux  differ  as 
widely  as  the  buildings  in  which  tliey  were  respectively  acted,  and 
I  shall  hardly  succeed  in  making  my  Roman  theatre  intelligible, 
unless  I  first  indicate  a  few  of  the  leading  features  which  run 
through  the  Greek  drama  and  its  Roman  descendant.  The  subject 
is  by  far  too  vast  and  intricate  for  me  to  attempt  anything  like  an 
essay  upon  the  Greek  stage,  and  therefore  I  must  limit  my  obser- 
vations to  what  is  strictly  necessary  for  explaining  the  internal 
arrangements  of  the  edifice.  The  Greek  drama  dealt  more  in  set 
speeches  tlian  in  broken  dialogues,  and  did  not  admit  more  than 
three  interlocutors  at  once  :  the  action  or  event  represented  was 
brought  witliiu  the  space  of  time  in  which  it  might  in  reality 
have  been  accomplished.  As  a  general  rule,  there  was  no  change 
of  scene  during  the  piece.  In  every  tragedy  there  was  a  body 
called  a  cltorus,  who  took  no  pai't  in  the  action  of  the  piece,  but 
reflected  upon  what  was  going  on,  and  generally  expressed  what 
might  be  supposed  to  be  the  sense  of  the  audience.  The  chorus 
did  not  come  upon  the  stage,  but  occupied  the  orchestra,  varying 
the  dialogue  which  they  sometimes  held  with  the  actors  by  choral 
songs  and  dancing.  'These  terms  of  stage  and  orchestra  I  shall 
shortly  have  to  explain. 

Dramatic  entertainments,  both  in  Greece  and  Rome,  formed 
part  of  the  public  expenditure,  or  they  were  exhibited  gratuitously 
by  some  wealthy  or  ambitious  citizen.  The  theatres,  therefore, 
were  of  immense  size,  for  they  were  meant  to  contain  (in  Greece, 
at  least)  the  whole  male  population  of  great  cities.  The  per- 
formance usually  took  place  also  in  an  uncovered  theatre  in 
Greece  ;  but  Roman  luxury,  at  a  later  period,  invented  the  awning. 
I  once  described  to  you,  when  I  read  a  paper  on  the  Colosseum, 
how  this  awning  was  contrived  to  cover  such  an  immense  space  ; 
and  I  must  be  allowed  to  suppose  that  you  have  not  entirely  for- 
gotten that  description.  If  any  of  you  are  desirous  of  satisfying 
your  curiosity  upon  the  Greek  stage,  I  must  refer  you  to  "  Butenger 
de  Theatro,"  for  I  now  hasten  to  the  buildings  themselves,  which  it 
is  the  principal  object  of  this  paper  to  describe.  The  origin  of 
the  theatre  is  rather  ignoble ; — it  was  originally  a  wagon,  in  wliich 
Thespis  conveyed  his  actors  about,  with  their  faces  besmeared 
with  lees  of  wine,  and  from  which  they  spoke  their  parts  to  the 
crowd  assembled  around  them.  To  tlie  ambulator)'  wagon  of 
Thespis  succeeded  a  moveable  wooden  structure,  which  was  set  up 
and  taken  down  at  pleasui'e,  and  it  was  in  consequence  of  one  of 
these  structures  having  given  way  under  an  unusual  crowd,  that 
the  first  stone  theatre  was  erected  in  Greece,  by  Themistocles,  not 
long  after  the  defeat  of  Xerxes.  From  this  they  began  to  in- 
crease in  number,  and  we  have  the  remains  of  several  yet  existing, 
both  in  Greece  and  in  that  part  of  Italy  which  was  Greek  in 
language  and  customs  long  after  it  came  under  the  Roman 
dominion.  We  have  also  those  remains  of  Greek  tlieatres  in 
Rome,  to  which  I  shall  shortly  direct  your  attention.  A  theatre 
became  so  necessary  an  appendage  to  a  town,  that  Vitruvius  gives 
systematic  directions  concerning  the  selection  of  a  site.  In  his 
fifth  book,  cap.  3,  we  have  the  following  : — "  When  the  forum  is 
finished,  a  healtliy  situation  must  be  sought  foi-,  wherein  the 
theatre  may  be  erected,  to  exhibit  sports  on  the  festival  days  of 
the  immortal  gods,  for  the  spectators  are  detained  in  their  seats 
by  the  entertainment  of  the  games,  and  remaining  quiet  for  a  long 
time,  their  pores  are  opened  and  imbibe  the  draughts  of  air,  which, 
if  they  come  from  marshy  or  otherwise  unhealthy  places,  will  pour 


injurious  humour  into  the  body.  Neither  must  it  front  the  south, 
for  when  the  sun  fills  the  concavity,  the  enclosed  air,  unable  to 
escape  or  circulate,  is  heated,  and  then  extracts  and  dries  up  the 
juice  of  the  body.  It  is  also  to  be  carefully  observed  that  the 
place  be  not  dull,  but  one  in  which  the  voice  may  expand  as 
clearly  as  possible."  One  cannot  let  pass  this  quotation  from  the 
great  architect  of  the  Augustan  age,  without  remarking  that  the 
selection  of  a  site  fm'  an  important  public  building  was  considered 
by  Vitruvius  as  falling  within  the  province  of  the  architect.  A 
healthy  place  for  the  theatre  selected,  we  come  next  to  consider  its 
shape  and  disposition. 

The  form  of  the  Greek  theatre  originated,  as  is  thought,  in  the 
natural  recess  of  a  hill-side,  and  most  of  the  theatres  whose 
vestiges  1  have  visited  in  Greece,  occupy  that  position.  Mantenia, 
built  in  a  marshy  place,  offers  an  exception,  and  I  believe  there  is 
another  exception  in  Asia  Minor  ;  but  it  was  evidently  the  practice 
to  lighten  the  labour  of  erecting  such  buildings  by  making  use  of  a 
ravine,  or  locality  adapted  to  the  purpose.  At  Slegalopolis  I  was 
able  to  trace  tlie  wliole  cai^ea  or  hollow  of  the  theatre,  partly  cut 
out  of  a  hill ;  but  the  seats  are  overgrown  with  thick  brushwood. 
The  same  economy  is  observed  in  most  of  the  Greek  stadia  also,  and 
even  the  council  of  Areopagus  sat  on  seats,  cut  out  of,  or  inserted 
into  Mars'  Hill.  At  Nicopolis,  near  Prevesa,  the  foi-m  of  the  thea- 
tre on  the  hill-side  is  preserved,  and  much  of  the  proscenium.  At 
Smyrna  I  was  able  to  trace  the  cnvea  in  a  similar  ]»osition,  and  also 
at  Ephesus  we  get  to  the  slope  of  Mount  Prion,  which  overlooked 
the  "Temple  of  Diana,  in  the  plain  of  the  Cayster,  before  we  find 
the  theatre.  Whilst  the  Greeks,  however,  hewed  seats  out  of  the 
rock,  or  excavated  to  a  depth  suitable  to  their  purpose,  as  the 
nature  of  the  ground  allowed,  the  Romans  usually  built  their 
theatres  upon  arches,  and  massive  walls  rose  (as  we  see  the  theatre 
of  Marcellus  still  existing  at  Rome),  with  two  or  three  orders, 
like  the  Colosseum.  The  hollow  which  perhaps  originally  was 
adjusted  according  to  the  nature  of  the  ground,  in  no  definite 
curve,  ended  in  a  perfect  semicircle.  This  was  called  in  Greek 
"  KoiKtiv"  and  in  Latin  cavea,  and  was  the  part  for  the  audience. 
The  other  part  was  devoted  to  the  business  of  the  play,  and  thus 
we  arrive  at  the  two  principal  parts  or  divisions  of  the  theatre. 
The  KoiXov,  or  cavea,  is  easily  described ;  it  was  bounded  by  the 
segments  of  two  concentric  circles,  the  inner  arc  separating  it 
from  the  orchestra ;  in  tlie  Roman  theatre  it  seldom  exceeded  a 
semicircle,  but  sometimes  the  extremities  of  the  semicircular  arc 
were  prolonged  liy  straight  lines ;  the  Greeks  took  more  of  the 
circumference  of  the  circle,  and  cut  the  koiAoi'  by  lines  drawn  from 
its  extremities  converging  towards  the  centre  of  the  circle,  by 
which  arrangement  more  space  was  made  in  width  for  the  scena 
or  stage.  The  cavea  was  fitted  up  with  rows  of  seats  rising  in 
succession,  so  as  to  afford  each  tier  an  uninterrupted  view  :  the 
whole  was  divided,  as  in  the  amphitheatre,  into  flights  by  Smtrainara 
or  prwcinciiones,  which  is  the  Vitruvian  terra  for  our  landing- 
place.  The  proseiiictio  ran  round  the  whole,  and  afforded  an 
access  from  one  flight  to  another.  The  entire  arc  was  again  cut 
into  sub-divisions,  called  KcpxiSf?,  in  Latin,  cuitei,  from  being 
formed  like  wedges :  the  lines  which  effected  those  sub-divisions 
were  called  KAifictfts,  or  sea ke ;  these  (which  in  the  Roman  circus 
were  called  vice)  led  from  the  bottom  to  the  top  of  the  theatre, 
and  they  all  converged  to  the  centre  of  the  orchestra.  The 
lowest  seats  were  considered  the  best,  and  were,  in  fact,  the  re- 
served seats  for  the  magistrates  and  persons  of  office.  As  the 
audience  rose  in  height,  it  descended  in  quality,  until  it  reached 
the  open  portico  at  the  very  top,  which  has  its  counterpart  in  our 
shilling  or  sixpenny  gallery.  This  portico,  however,  in  an  un- 
covered building  was  of  some  use,  in  confining  the  sound  and 
giving  shelter  to  the  spectators  from  a  passing  storm.  A  koiAo.-,  or 
cavea,  such  as  I  have  now  described,  would  contain,  in  some  of  the 
largest  theatres,  as  many  as  30,000  to  40,000  spectators,  which  is 
about  the  capacity  of  those  whose  remains  are  yet  to  be  seen  in 
Rome.  I  now  come  to  the  other  part  of  the  theatre,  which  is 
more  complicated  and  more  difficult  to  describe.  In  Greek  we 
have  to  deal  with  the  three  terms  of  op/cjjirpa,  oKnv-n,  and  iropaaicei'io. 
In  the  Roman  language,  we  have  the  three  corresponding  terms  of 
orchestra,  pulpitum  or  scena,  and  postscenium,  to  which  we  are  to 
add  the  porticus.  I  shall  content  myself  with  describing  the 
Roman  arrangements,  and  simply  pointing  out  where  the  Greek 
theatre  differed.  Taking  the  cavea  to  be  a  semicircle,  the  con- 
centric arc  which  separates  the  audience  was  also  a  semicircle, 
and  this  space,  bounded  by  the  diameter,  was  the  orchestra, — not 
so  called  from  anything  relating  to  music,  but  because  it  was  the 
place  for  the  dancers.  In  the  Greek  theatre  the  segment  was  less 
than  a  semicircle  ;  but  if  the  circle  be  completed  and  a  square 
iuscrihed  in  it,  whose  sides  are  parallel  tQ.  the  diameter,  the  side 
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farthest  from  the  ca\'ea  fixes  the  front  of  the  stage;  hut  in  the 
Roman  theatre  the  diameter  itself  determines  the  front  of  the 
stag-e,  or  jnilpitunt.  The  stai;e,  tlierefore,  in  the  Roman  tlicatre, 
is  hrought  nearer  to  the  audience,  and  made  deeper.  Tlie  lenj^jth 
of  the  stage  was  two  diameters  of  the  orchestra.  The  increased 
deptli  was  rendered  necessary  on  account  of  tlie  greater  number 
of  persons  assembled  upon  it  ;  for  the  Romans  put  both  tlie 
cliorus  and  the  musicians  upon  their  stage.  The  points  from  whence 
Uie  several  staircases  began  to  ascend  the  tocto  were  fixed  by  the 
vertices  of  four  equilateral  triangles,  inscribed  within  the  circle 
(when  comjileted)  of  the  orchestra.  In  the  Roman  theatre,  as  we 
have  already  observed,  the  front  of  the  stage  was  called  the 
jmljnium  ;  and  it  was  from  that  part  that  the  interlocutors  s])oke. 
Some  think  tliat  the  pulpitinn  was  a  little  elevated  above  the  level 
of  the  stage  ;  but  at  all  events,  the  word  has  passed  into  use  for 
designating  a  place  to  speak  from  in  our  sacred  edifices.  The 
lowest  range  of  seats  was  raised  abo\-e  the  area  of  the  orchestra 
(one-sixth  of  its  diameter),  and  the  seats  themselves  did  not  exceed 
1  ft.  4  in.  in  height.  The  stage  in  the  Roman  theatre  was  only 
elevated  5  feet  above  the  seats  in  the  orchestra :  in  the  (ireek 
theatre  it  was  double  that  height.  I  have  only  hinted  at  the 
geometrical  precision  with  which  all  these  things  were  defined, 
and  I  shall  relieve  you  from  such  dry  details  by  a  reference  to  the 
drawings  behind  me.  The  postsceiiium  speaks  for  itself :  it  was  a 
long  narrow  gallery  behind  the  sceiia,  where  the  actors  retired, 
and  where  apartments  or  compartments  were  provided  for  them. 
From  the  pnstxccnium  were  jiassages  into  the  porticoes  or  gardens, 
which  generally  surrounded  the  theatres  :  hut  to  these  I  shall  have 
occasion  to  refer  when  I  have  finished  the  history  and  description 
of  the  theatres  at  Rome,  to  which  I  now  come. 

I  have  already  remarked,  that  the  earliest  theatres  at  Rome,  as 
well  as  at  Athens,  were  hut  temporary  erections  of  wood.  The 
Romans  were  satisfied  with  standing-room  for  200  years,  and  no 
seats  wei-e  allowed  ;  "  lest,"  as  Tacitus  says,  "  if  the  people  sat, 
whole  days  might  be  spent  in  idleness."  Notwithstanding  this 
prohibition  to  build  permanent  theatres,  the  temporary  edifices 
were  constructed  with  a  magnificence  which  surpasses  all  belief. 
The  wealth  which  supplied  those  theatrical  exhibitions  was  gene- 
rally the  plunder  of  rich  provinces  :  easily  earned,  and  as  easily 
dissipated,  merely  to  obtain  favour  with  the  people,  and  procure 
still  more  lucrative  appointments.  All  the  bribery  and  corruption 
that  ever  came  before  a  committee  of  an  English  House  of  Com- 
mons sink  into  insignificance  compared  with  those  times  "  when 
Rome  was  free."  The  treating  of  our  "  worthy  and  independent 
electors"  at  the  open  house  of  the  candidate,  was  economy  and  par- 
simony compared  with  the  lavish  expenditure  of  a  candidate  for 
the  honours  and  emoluments  of  a  Roman  governorship ;  and  we 
cannot  doubt,  that  whilst  those  worthy  citizens  were  feasting  for 
whole  days  at  the  expense  of  a  Scaurus  or  a  Curio,  they  would  be 
loud  in  the  praises  of  liberty ;  and  had  they  known  how  to  put 
their  exclamations  into  the  polite  language  of  modern  Europe,  the 
air  would  have  resounded  in  the  midst  of  those  entertainments 
with  "  Vive  la  Repuhlique  !"  It  was  not  until  the  year  of  the  city 
699  (that  is,  within  S3  years  of  the  Christian  era),  that  a  theatre  of 
solid  materials  was  built  at  Rome,  and  this  was  constructed  by 
Pompey  on  his  return  from  Asia,  at  the  close  of  the  Mithridatic 
war;  but  even  Pompey  found  it  expedient  to  pay  a  deference  to 
the  popular  feeling.  "  Therefore,"  says  TertuUian,  "  Pompey  the 
Great,  less  great  by  his  theatre  only,  when  he  erected  that  strong- 
hold of  wickedness,  dreading  lest  tiie  rebuke  of  the  Censor  might 
injure  his  memory,  he  built  a  temple  to  Venus  on  the  top  of  it,  and 
when  he  invited  the  people  to  come  to  the  dedication,  he  did  not 
call  it  a  theatre,  but  the  Temple  of  Venus,  to  which,  he  said,  '  we 
have  subjoined  seats  for  seeing  shows.'  "  The  seats  were  therefore 
considered  as  the  steps  by  which  to  ascend  to  the  temple.  We  may 
call  this  either  a  pious  fraud  or  a  legal  fiction.  A  piece  of  marble 
was  found,  in  1525,  near  the  site  of  Pompey's  theatre,  on  which 
Marliano  read  the  words,  "  Veneris  Victricis."  This  building  was 
erected  in  the  third  consulate  of  Pompey,  and  when  the  inscription 
came  to  be  placed  on  tlie  frieze,  a  dispute  arose  whether  it  should 
be  COS.  tertio  or  tertium.  The  matter  was  referred  to  Cicero,  who 
advised  the  disputants  to  settle  the  controversy  by  writing  cos. 
tert. 

At  the  dedication  of  his  famous  theatre,  Pompey  produced  twenty 
elephants ;  and  when  he  was  accused  in  the  seiuite  of  introducing 
too  much  luxury  into  the  city,  he  convinced  the  conscript  fathers 
that  it  was  an  economy  to  build  a  solid  theatre  at  once  instead  of 
raising  a  temporary  structure  on  every  occasion  of  giving  shows. 
The  Temple  of  Venus  served  very  well  as  a  jirctext  for  making 
seats,  gradus  upectaculurunt ;  but  it  could  not  equally  be  alleged 
for  erecting  a  solid  stage.     It  was  not  until  the  reign  of  Tiberius 


that  this  part  of  the  theatre  was  added,  and  finally  completed  by 
Caligula.  It  was  dedicated  anew  by  the  Emperor  Claudius,  who 
restored  it  after  a  fire,  and  it  reached  its  greatest  splendour  in  the 
time  of  Nero.  Two  vanquished  chiefs,  who  came  from  the  north 
of  Germany  to  render  submission  to  the  emperor,  were  taken  to 
Pompey's  theatre  in  order  tliat  they  might  see  the  greatness  of  the 
peo|»le.'  It  contained,  according  to  Pliny,  10,000  spectators;  and 
when  Tiridates,  king  of  Armenia,  came  to  Rome,  Nero  caused  the 
whole  to  be  gilded,  to  show  oti'  the  magnificence  of  the  Romans  to 
the  vanquished  Asiatic.  It  passed  through  a  succession  of  events 
until  Theodorus<-ommissionedSymmachus  to  rebuild  it;  but  not  li>ng 
after  it  shared  tlie  fate  of  the  rest  of  the  splendid  edifices  of  Rome, 
and  finally  came  into  possession  of  the  Ursiui  family,  who  occupied 
that  quarter  of  the  city  in  the  wars  of  the  middle  ages.  In  the 
fifteenth  century,  an  inscription,  found  with  the  name  of  Pompey, 
directed  the  antiquary  to  find  out  its  site.  Another  indication  of 
the  place  where  this  theatre  stood  was  given  in  the  finding  of  the 
famous  statue  which  is  now  in  the  Palazzo  Spada.  That  statue 
was  found  under  the  partition  wall  of  a  house,  and  lying  across  in 
such  a  way  as  to  gi\e  two  proprietors  of  the  house  a  claim  to  the 
treasure:  not  able  to  agree  about  dividing  the  spoil,  they  came  to  the 
resolution  of  cutting  Pompey  in  two,  and  each  nuiii  taking  his  own 
half.  The  matter  having  reached  the  ears  of  Cardinal  Capodifezzo, 
he  hastened  to  Pope  Julius  III.  to  inform  him  of  the  judgment 
that  had  been  pronounced  u]ion  the  statue.  The  astonished  pope 
dispatched  a  messenger  witii  all  haste,  and  sent  500  scudi  to  he 
divided  between  the  litigants,  instead  of  Pompey.  Flaminius 
Vacca,  who  relates  this  anecdote,  says  the  statue  was  found  near 
the  Palazzo  della  Cancelleria,  in  the  \'icolo  dei  Scutari.  The 
statue  did  not  stand  in  the  theatre,  but  in  the  Curia  which  Pompey 
built  as  an  appendage  to  it ;  and  the  belief  still  obtains  that  it  is 
the  statue  at  the  feet  of  which  Cfesar  fell.  Being  thus  directed  to 
the  site  of  this  famous  building,  we  find  ourselves  in  the  immediate 
neighbourhood  of  the  Church  of  St.  Andrea  della  Valle.  From 
near  that  church  to  the  Palazzo  Pio,  the  site  is  marked  by  a  gradual 
rising  of  the  ground,  but  no  vestiges  meet  the  eye.  In  order  to 
see  the  remains  of  Pompey's  theatre,  we  enter  the  court-yard  of 
the  Palazzo  Pio,  and  descending  into  the  vaults  upon  which  the 
Palazzo  is  built,  we  find  ourselves,  at  the  depth  of  JO  Roman  palms, 
among  the  foundation  arches.  These  have  been  originally  hollowed 
out  of  the  natural  rock,  and  they  are  pointed  at  the  angles  with 
large  blocks  of  ]ieperine  stone.  One  of  the  cunei  or  sections  of 
the  cavea  belonging  to  the  lowest  tier,  may  be  perfectly  traced  ; 
and  after  ascending  to  the  court-yard  again,  and  upon  entering 
the  stables,  we  see  a  second  story  of  arches  for  supporting  the 
seats,  the  construction  of  which  is  remarkable  for  its  solidity ; 
and  it  would  not  be  difficult  to  trace,  among  the  modern  buildings 
and  in  the  cellars  of  the  Palazzo,  at  least  one-half,  perhaps  two- 
thirds,  of  the  whole  cavea.  I  will  not  stay  to  describe  to  you 
the  blocks  of  peperine  and  opus  reticulatum,  for  the  great  point 
gained  Dy  tracing  the  cioieu  is  the  fixing  of  the  position  of  the 
scvna  or  stage.  This  appears  to  have  reached  very  near  the  present 
site  of  the  church  of  St.  Andrea.  But  the  most  remarkable  cir- 
cumstance attending  an  investigation  of  the  buildings  erected  by 
Pompey  in  this  part  of  Rome,  is  the  being  able  to  present  aground- 
plan  of  them,  although  they  have  almost  all  vanished  from  oif  the 
face  of  the  earth.  In  the  sixteenth  century  there  was  found  behind 
the  church  of  SS.  Cosma  and  Damiauo  a  plan  of  ancient  Rome, 
done  in  marble,  and  which  had  served  to  encrust  the  walls  of  the 
Temple  (it  is  supposed)  of  Romulus  and  Remus.  This  marble  map, 
where  the  ground-j)lan  of  all  the  pul)lic  buildings  was  laid  down, 
was  found  broken  into  fragments ;  some  of  them  irrecoverable ; 
others,  gathered  up  with  care  and  put  together,  presented  an  idea 
of  a  building.  They  now  encrust  the  walls  of  the  staircase  of  the 
Capitoline  Museum,  and  are  known  under  the  designation  of  the 
Pianta  Capitolina,""  The  two  fragments  most  perfect  happen  to 
represent  the  Tlieatre  of  Pompey  and  the  Portico  of  Octavia.  By 
a  reference  to  that  fragment  of  the  Pianta,  you  will  not  only  see 
the  ground-jilan  of  the  theatre,  but  also  of  some  other  buildings 
which  were  attached  to  it.  Vitruvius  cites  the  I'<u-ticus  I'ompeiana 
as  an  example  of  what  a  portico  should  be,  when  attached  to  a 
theatre  for  the  convenience  of  the  actors,  or  for  the  people  to  take 
shelter  in,  in  case  of  rain.  We  know,  from  IMartial,  that  Pom- 
pey's Portico  had  a  hundred  columns.  Eusebius  calls  it,  in  conse 
quence,  "  Hecatonstylon."  The  Pianta  C^apitolina  exhibits  some 
of  those  columns,  but  the  fragment  is  imperfect.  This  celebrated 
portico  was  painted  by  artists  of  renown — Antiphilus,  Pausias,  and 
Nicias — the  subjects  being  suited  to  the  atmosphere  which  Ovid's 
lovers   breathed.     About   the  portico   were  rows   of  plane  trees, 

*  These  fragmeots  were  first  engiaved  End  illustrated  by  Bellarlo,  aud  are  reproduced 
at  the  eod  of  t^m.  iv.  of  the  "  Unevius'  Bomaa  Aaliquitles." 
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interspersed  with  stone  statues  of  beasts ;  and  a  fountain  threw  up, 
or  poured  out,  its  sparkling  waters.  The  Pianta  Capitolina  ex- 
hibits two  I'ows  of  columns,  runuinff  in  a  direction  towards  the 
river,  and  not  unlikely  conducting  to  a  jjrove  along  the  banks  of 
the  Tiber.  Besides  these  appendages  to  the  theatre,  there  was  the 
Curia,  or  senate-house,  which  is,  no  doulit,  identical  with  the 
"Ilegia  Tlieatri"  of  Suetonius:  but  I  must  forbear  to  ex]iatiate 
beyond  the  proper  limits  of  my  subject.  A  careful  inspection  of 
that  )iart  of  Home  wliere  all  those  buildings  stood,  witli  the  aid  of 
tlie  I'ianta  Capitolina  and  the  antiquarian  notices  which  I  have 
cited,  might  still  furnish  a  fine  subject  fur  the  genius  of  a  restoring 
architect  ;  and  when  we  consider  that  those  extensive  and  magni- 
ficent buildings  (whose  very  remains,  at  the  end  of  nineteen  cen- 
turies, excite  our  wonder)  were  erected  out  of  the  private  resources 
of  a  single  individual,  it  will  be  long  before  we  find  in  another 
rei)ul)lic  a  jxipular  favourite,  who  may  vie  in  wealth,  taste,  and 
splendour,  with  citizen  Pumpey. 

I  sliall  pass  (|uickly  over  the  next  theatre,  which  time  and  floods 
have  not  spared.  It  was  erected  in  the  twelfth  year  of  the  Christian 
era,  by  Ct)rnelius  Balbus,  in  compliment  to  Augustus,  and  was 
capable  of  containing  33,000  spectators.  I  am  not  aware  that  a 
vestige  of  this  theatre  remains,  but  Piranesi  took  considerable  pains 
to  ascertain  the  site,  and  found  some  remains  of  one  of  the  niiiei. 
The  Palazzo,  and  Jlonte  Cenci,  now  point  to  where  it  stood,  and 
Camucci,  one  of  the  oldest  of  Roman  antiquaries,  who  prolialdy 
saw  some  remains  of  it  in  his  time,  states  that  from  its  vicinity  to 
the  Tiber,  it  frequently  suffered  from  inundations.  We  are  not 
aware  of  any  portico  attached  to  this  theatre,  but  there  was  a 
crypta  Biilbi,  whidi  stood  near  it,  and  of  this  there  are  some 
remains. 

The  third  theatre  which  adorned  imperial  Rome  was  that  of 
Marcellus,  and  along  with  it  I  take  the  portico  of  Octavia  :  when 
I  have  given  you  some  account  and  description  of  these  two  objects, 
I  shall  relieve  you  from  this  tedious  conversazione. 

The  remains  of  the  theatre  of  Marcellus  are  worthy  of  the  archi- 
tect's admiration.  Eleven  arches  of  both  orders,  and  part  of  a 
twelfth,  are  conspicuous,  though  mutilated  and  disfigured  by  the 
dusky  habitations  into  which  they  have  been  metamorphosed.  The 
first  order  is  nearly  half  interred,  but  the  capitals  of  the  Doric 
columns,  as  well  as  the  entablature,  are  well  preserved  in  several 
places.  The  second  story  exhibits  a  specimen  of  the  Ionic  ordei, 
as  it  was  brought  to  perfection  in  the  age  of  Augustus.  AVithin 
those  arches  which  formed  the  ambulacra,  as  in  the  amphitheatre, 
the  gradus  spectacii/nrnm  rose,  and  some  of  the  cunei  may  be 
traced  to  the  stables  of  the  Osteria  della  Campana.  The  ma- 
terials are  tufo,  mingled  with  brickwork,  resembling  those  in 
Pompey's  theatre,  and  one  may  perceive  by  a  solitary  column  in 
the  Via  Savelli,  standing  at  an  angle  with  a  piece  of  wall  running 
in  the  direction  of  the  .«r;i«,  that  the  stage  and  its  outworks  must 
have  touched  the  very  banks  of  the  river.  The  Palazzo  Orsini, 
formerly  Savelli,  is  built  upon  the  ruins  of  the  stage.  Piranesi 
has  calculated  the  capacity  of  this  theatre  to  contain  25,000  per- 
sons :  it  was  therefore  the  smallest  of  the  three.  Julius  Ca;sar, 
perhaps,  laid  the  foundation  of  this  edifice  ;  but  it  was  left  for 
Augustus  to  complete  it,  and  he  dedicated  it  with  the  name  of  the 
Young  Maj-cellus.  On  the  feast  of  the  dedication  it  is  said  that 
700  wild  beasts  from  Africa  were  consumed,  and  then,  for  the  first 
time  in  Rome,  there  was  seen  a  tamed  tiger.  We  have  an  account 
of  a  fire  having  partly  destroyed  this  theatre,  but  we  hear  very 
little  of  its  history  until  Pierleone,  in  the  twelfth  century,  made  it 
a  fortress.  It  passed  successively  into  the  possession  of  the  Savelli 
and  Orsini  families,  and  there  is  no  reason  to  suppose  it  has  existed 
for  several  centuries  otherwise  than  it  now  presents  itself:  in 
"  Carnucci's  Antiquities,"  we  have  a  drawing  of  it,  bearing  date 
1565,  and  it  is  there  exhibited  just  as  we  see  it  at  the  present  time. 
I  may  mention  that  its  exterior  walls  are  of  travertine  stone.  The 
25,000  spectators  are  now  replaced  by  some  workers  in  charcoal, 
and  some  mules,  the  former  occupying  the  places  reserved  for  the 
magistrates,  and  the  mules  having  taken  possession  of  what  was 
the  orchestra.  Near  to  the  theatre  of  Marcellus  stood  the  famous 
Portico  of  Octavia,  to  which  I  have  finally  to  call  your  attention. 
And  altliough  we  must  penetrate  into  the  filthiest  habitations  in 
Rome,  among  stinking  fish,  in  order  to  see  the  remains  of  this 
splendid  work,  it  wiU  amply  repay  us  for  our  excursion,  and  stamp 
indelibly  upon  our  memories  the  flavour  of  the  Pescheria  and  the 
conservative  habits  of  the  Jews  who  live  within  the  Portico  of 
Octavia. 

The  first  marble  building  ever  erected  at  Rome  was  a  portico 
which  stood  on  this  self-same  site.  It  was  built  by  Metellus  Mace- 
donicus  :  two  temples  were  comprised  within  it.  The  architects 
were  two  Spartans,  whose  names  were  Sauros  and  Batrachus.  They 


not  only  contributed  their  skill,  but,  as  they  were  rich  men,  they 
employed  their  wealth  also  in  the  undertaking.  The  only  reward 
for  their  services  which  they  asked  of  the  Romans  was  that  their 
names  might  be  mentioned  in  an  inscription  on  the  temples  ;  but 
this  honour  being  refused,  they  contrived  to  introduce  their  names 
allegorieally :  Sauros  meaning  a  lizard,  and  Batrachus  a  frog — 
those  animals  were  introduced  into  the  capitals  of  the  columns. 
The  architects  of  the  Portico  of  Octavia  were  also  Spartans,  and 
they  respected  the  works  of  their  distinguished  countrymen.  The 
new  portico  comprised  in  its  circuit  the  two  temples,  made  more 
magnificent  and  probably  much  enlarged  :  the  fragment  of  the 
Pianta  Capitolina,  with  the  mutilated  inscription  "cvs  ocTAviiE," 
gives  us  the  plan  of  those  splendid  works.  Bellori,  in  his  illustra- 
tion, computes  about  270  columns.  I  confess  1  cannot  make  out 
that  number  with  the  utmost  stretch  of  my  feeble  imagination,  but 
I  can  present  you  with  a  ])lan  made  on  the  authority  of  the  frag- 
ment and  the  ruins  which  still  exist,  adjusted  on  the  dark  tints, 
which  shovv  them  in  their  proper  places.  By  this  plan  it  will  be 
seen  that  the  principal  remains  consist  in  six  large  columns  of  the 
vestibule  or  entrance  (and  who  that  has  seen  Rome  has  not  admired 
the  magnitude  and  elegance  of  those  Corinthian  columns),  eight 
more  columns  of  the  exterior  row  of  the  peristyle,  which  are  only 
to  be  seen  by  contending  with  the  fish-stalls  made  out  of  the  spoils 
of  the  portico  ;  and  there  are  also  further  remains  of  one  of  the 
temples  to  be  seen  in  a  Vicolo  behind  the  church  of  St.  Angelo : 
three  columns  standing  at  an  angle  indicate  the  position  of  the 
prostyle  of  the  Temple  of  Juno;  the  other  was  dedicated  to  Jupiter. 
I  must  now  leave  you  to  raise  up  from  this  ground-plan,  and 
from  the  splendid  vestiges  which  remain,  the  elevations  and  archi- 
tectural views  of  the  portico  and  its  temples ;  but  even  your 
ingenuity  would  not  be  able  to  restore  to  their  jiroper  niches,  or 
affix  on  their  respective  walls,  the  works  of  art  which  once  adorned 
the  Portico  of  Octavia.  In  the  Temple  of  Juno  was  her  statue, 
made  by  Dionysius  and  Polycles ;  and  a  Venus  by  Philiscus  of 
Rhodes.  In  the  corresponding  Temple  of  Jupiter  was  the  much 
admired  statue  of  the  god,  which  was  equally  well  executed  by  those 
sons  of  Timarchus.  There  was  a  group  representing  Pan  and 
Olympius  wrestling  together,  the  work  of  Heliodorus  ;  and  perha|)s 
the  Venus  of  exquisite  beauty  which  Pliny  tells  us  adorned  this 
portico  (the  work  of  Phidias)  may  be  the  very  Venus  de  Medici 
which  Santo  Bartoli  declares  was  found  here  in  the  Pescheria.  In 
a  part  of  the  building  called  the  Schola  Octavia;  was  the  famous 
Cupid  of  Praxiteles,  which  called  forth  the  eulogia  of  Cicero, 
Strabo,  and  Pausanias.  It  is  more  than  probable  that  several  of 
those  statues  perished  in  the  fire  which  took  place  in  the  reign  of 
Titus,  and  still  more  might  be  lost  in  that  which  happened  under 
Sep.  Severus.  The  paintings  which  adorned  the  walls  and  vaults 
were  not  less  celebrated.  "There  was  the  famous  woi-k  of  Artemon 
'representing  Hercules  ascending  from  Mount  ffita  to  Olympus, 
having  put  off  his  mortality  with  the  consent  of  the  gods ;  there 
was  the  painting  by  Antiphilus,  where  four  figures  of  satyrs  were 
grouped  around  the  noble  Hesion;  and  Alexander  and  Philip,  with 
iMinerva.  You  may  exhibit  to  us  an  elevation  restored ;  a  fe\v 
columns  will  direct  you  to  complete  the  portico,  and  a  medal  will 
give  you  a  finish  for  the  pediment.  You  may  square  us  off  the 
basements,  and  cro%vn  the  balustrade  with  colossal  statues  and 
urns  ;  and  you  may  festoon  or  triglyph  the  entablature  ; — but  you 
cannot  paint  afresh  the  works  of  Artemon  and  Antiphilus,  nor 
mould  again  the  forms  which  the  innate  flash  of  the  mind  of  a 
Phidias  or  a  Praxiteles  could  produce.  You  must  therefore  be 
content  with  the  bare  recital,  and  inscribe  upon  the  very  best 
edifice  I  can  describe,  "  Slat  nomhiis  umbra."  But  you  will  remark 
in  the  enumeration  of  the  names  of  those  celebrated  artists,  that 
they  were  all  foreigners,  and  Rome  owed  her  most  splendid  works 
of  art — I  may  say  all  of  them — to  the  Greeks ;  and  they  owe<l 
much  of  their  theatrical  amusements  to  the  Syrians  and  Egyptians. 
It  is,  in  fact,  a  mistake  to  attempt  to  nationalise  either  art  or 
science.  If  there  be  such  a  thing  as  communism  in  the  world,  it 
exists  in  the  realms  of  genius,  and  no  petty  jealousy  should  ever 
attempt  to  exclude  the  foreigner  who  brings  his  originality  of 
thought  and  genius  to  adorn  a  country  of  which  he  is  not  a  native. 
It  was  written  over  the  tomb  of  Ludlow,  in  Switzerland,  "  Omne 
solum  fortipalria  ;"  and  the  same  may  be  said  of  the  man  of  true 
genius — he  belongs  to  every  country  :  and  I  should  say  it  generally 
betrays  a  sense  of  inferiority  wherever  there  is  an  attempt  to  ex- 
clude from  fair  competition  the  genius  which  comes  from  a  foreign 
shore.  The  Romans  did  not  this,  even  in  the  histrionic  art ;  they 
excelled  in  gladiators,  but  they  were  inferior  in  sculpture,  and 
painting,  and  architecture :  by  admitting  foreigners  they  ended  by 
taking  the  lead  in  architecture,  at  least ;  and  perhaps  the  studioof 
Emilius  miglit  have  furnished  a  work  worthy  of  the  best  Greek 
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sculptor.  And  lot  me  remark,  that  there  are  some  thing--;  which 
110  patriotism  or  spirit  of  nationality  will  accimiplish.  It  will  never 
make  a  man  of  taste  admire  an  ordinary  paintinj;  or  an  nnirraceful 
statue  ;  it  will  never  reconcile  him  to  a  meagre  elevation  of  an  ill- 
desiffned  puhlic  liuildinff. 

1  have  generally  attem|)teil,  in  my  papers  which  I  have  had  the 
honour  to  read  at  tlie  Institute,  to  show  the  influence  which  the 
public  institutions  under  consideration  might  have  np(m  the  charac- 
ter and  destiny  of  the  Rcjmans ;  and  perliajis  there  is  much  more 
connection  than  at  first  sight  a])pears  between  the  works  of  the 
architect  and  the  national  character  of  the  jjcople.  The  architect 
is  called  upon  to  create  only  those  works  which  are  suitable  to  the 
liabits  (d'  the  people,  and  his  object  should  be  to  study  to  do  these 
well;  and  I,  for  one,  do  not  regret  that  he  is  now  compelled  to 
study  the  construction  of  churches  and  schools,  rather  tlian  that  of 
theatres  and  porticoes.  I  am  more  tlian  satisfied  with  the  unarchi- 
tectural  erections  of  Covent-Garden  and  Drury-Lane  for  theatres; 
and  for  porticoes  and  groves  V'auxhal  and  the  Surrey  Zoological 
Gardens. 

I  am  still  compelled  to  speak  only  of  the  comjiarative  innocence 
of  our  places  of  public  resort;  they  are  immeasurably  inferior  in 
architectural  beauty,  but  they  are  a  great  improvement  upon  the 
moral  aspect,  and  the  restraints  and  the  reflective  influence  of 
Christianity  have  even  reached  our  public  amusements.  We  can- 
not wonder  at  the  indignation  with  which  the  early  Christian 
writers  viewed  the  theatres  and  places  of  public  entertainment 
among  the  Romans,  where  every  brutal  passion  or  lascivious  desire 
was  gratified,  and  where  vice  in  every  form  was  enthroned  by  uni- 
versal sufl^rage.  We  can  excuse  these  holy  men  applying  to  these 
rendezvous  of  iniquity  the  title  of  "  Devil's  houses,"  for  which  I 
would  hope  no  member  of  this  Institute  will  ever  have  to  give  a 
plan.  It  is  to  my  mind  a  ha])py  circumstance  that  the  cnvea  is 
now  transferred  to  the  lecture-room,  the  orcliextni  transformed 
into  an  Exeter-hall  platform,  the  ntnije  to  the  floor  of  the  House 
of  Commons,  where  sometimes  members  ofl'er  to  die,  and  the  ])iil- 
pitum  to  the  place  from  which  the  peojde  are  instructed  in  the 
truths  and  duties  of  Christianity.  You  w  ill  excuse  me,  then,  if  I 
rather  rejoice  over  the  ground  you  have  lost  in  modern  times  for 
the  exercise  of  your  beautiful  art ;  and  that  rit//  jirofession  has  so 
amply  supplied,  by  the  sacred  edifice,  the  field  that  is  gone  from 
you  in  the  profane.  I  rejoice,  not  because  either  you  or  I  have  a 
stage  more  or  less  for  our  exertion,  but  because  I  think  that  the 
best  interests  of  mankind  and  the  happiness  of  the  human  race  are 
more  likely  to  be  promoted  by  a  church  than  by  a  theatre ;  and  if 
we  compare  the  national  tastes  of  two  neighbouring  and  rival 
countries  in  this  respect,  we  at  least  shall  be  satisfied  with  the 
results  ; — and  although  I  am  loath  to  end  this  paper  with  a  senti- 
ment that  may  sound  harsh  to  some,  I  cannot  but  be  of  opinion, 
that  as  the  influence  of  Christianity  prevails,  and  sober-minded 
pursuits  follow  as  a  matter  of  course  in  its  train,  theatrical  repre- 
sentations, except  for  children,  will  give  place ;  meanwhile,  what- 
ever tends  to  purify  our  places  of  public  resort,  and  make  them 
really  places  of  recreation,  is  a  benefit  conferred  on  the  morals  of 
the  rising  generation. 


THEORY  OF  STEAM-ENGINES. 

Account  cff  the  e.tperimeuts  undertaken  by  order  of  the  Minister 
of  Public  Works,  France,  upon  the  recommendation  of  the  Central 
Committee  upon  Steam-Engines,  to  determine  the  principal  laws  and 
numerical  data  which  enter  into  the  calculation  of  Uteam-Engines. 
By  M.  V.  Regnault.* 

Introduction. — The  theoretic  calculation  of  the  work  done  by 
steam-engines  is  founded  upon  some  incontestable  principles  of 
general  mechanics,  and  upon  several  physical  laws  which  are  far 
from  having  been,  up  to  this  time,  established  upon  certain  bases. 
The  authors  who  have  written  upon  the  theory  of  these  machines, 
have  been  obliged  to  admit  as  the  basis  of  their  calculations,  laws 
which  ought  only  to  be  considered  as  hypotheses  to  which  physical 
philosophers  liave  been  led,  most  frequently,  by  extending  to 
vapours,  laws  which  are  not  even  rigorously  exact  for  permanent 
gases.  Thus,  when  the  work  really  done  by  a  machine  is  com- 
pared with  that  deduced  from  the  theory,  we  always  find,  even  in 
the  best  machines,  a  considerable  deficit.  A  great  part  of  this 
deficit  may  be  attributed  to  the  disturbances  produced  in  the 
physical  conditions,  by  the  very  motion  of  the  apparatus;  it  is 
due  to  the  loss  of  active  force   (force  vivej  occasioned  by  the 

*  We  are  indebted  10  the  "  Fr.iukliD  Journal"  for  the  translutioii. 


cooling  of  the  steam  ;  to  the  resistance  which  is  developed  during 
its  course  through  tubes  of  irregular  forms,  and  in  its  passage 
through  openings,  more  or  less  contracted.  Finally,  there  are 
losses  of  active  force  produced  by  the  friction  and  vibration  of  the 
different  pieces  of  which  the  machine  is  composed.  But  a  great 
part  of  the  difl^erence  may  well  be  occasioned  by  the  inaccuracy  of 
the  fundamental  lavvs  w  hich  have  been  admitted  into  the  calcula- 
tion. 

Jlechanics  have,  for  a  long  time,  greatly  desired  a  general  in- 
vestigation for  the  purpose  of  establishing  these  fundamental  laws 
upon  a  series  of  direct  experiments  executed  with  the  means  of 
precision  which  physical  sciences  now  present.  I  had  for  some 
time  formed  the  determination  of  devoting  myself  to  this  work, 
and  had  several  times  tried  some  introductory  experiments,  which 
however  served  only  to  show  me  that  precise  results  could  only 
be  obtained  by  means  of  large  apparatus,  whose  expense  of  con- 
struction far  surpassed  the  verv  narrow  means  which  we  have  at 
our  disposition  in  our  physical  laboratories,  and  I  should  have 
been  comjiletely  stojqicd  in  the  execution  of  my  projects,  if  the 
Minister  of  Public  Works  (upon  the  suggestion  of  M.  Legrand, 
under  Secretary  of  State),  had  not,  with  a  kindness  which  will  be 
appreciated  by  all  the  friends  of  science,  placed  at  my  disposal  the 
funds  necessary  for  the  execution  of  this  long  and  laborious  work. 

In  order  to  show  clearly  what  are  the  principal  laws  upon  wliich 
the  theory  of  steam-engines  rests,  it  appears  to  me  necessary  to 
explain,  in  a  few  words,  the  principles  of  this  theory.  All  known 
systems  of  steam-engines  may  be  divided  into  four  classes : 

1.  Engines  without  expansion,  and  without  condensation. 

2.  Engines  with  expansion,  and  without  condensation. 

3.  Engines  without  expansion,  but  with  condensation. 

4.  Engines  with  both  expansion  and  condensation. 

The  first  three  classes,  may,  in  a  thecu-etic  point  of  view,  be 
considered  as  particular  cases  of  the  fourth  class,  wliich  presents 
the  most  complex  ease ;  the  only  one  to  which  it  is  necessary  for 
us  to  pay  attention.  We  shall  suppose  an  imaginary  engine, 
which  is  not  sulijected  to  any  external  cause  of  cooling,  nor  to  any 
loss  of  active  force  by  friction,  contractions  of  orifices,  <S:c,  &c. 
We  shall  suppose  the  boiler  to  be  of  very  great  capacity  in  com- 
parison with  the  cylinder,  so  that  tlie  pressure  of  the  steam  may 
be  considered  as  absolvitely  constant  in  the  boiler  during  the  motion 
of  the  machine  ;  the  heat  of  the  furnace  reproducing,  constantly, 
the  quantity  of  steam  consumed  by  the  machine. 

Let  a  be  the  surface  of  the  piston  expressed  in  square  metres*. 

•r,  the  space  described  hy  tlie  piston  from  the  instant  of  the 
arrival  of  the  steam  in  the  cylinder,  with  the  tension  which  it 
has  in  the  boiler,  until  the  moment  at  whicli  we  are  examining  it. 

P,  the  constant  pressure  of  the  steam  in  the  boiler,  expressed  in 
kilogrammes  and  referred  to  a  square  metre  of  surface. 

T,  the  temperature  of  the  steam. 

r,  the  capacity,  in  cubic  metres,  of  the  part  of  the  cylinders  de- 
scribed by  the  piston  from  its  starting  point  to  the  height,  ,r. 

V,  the  total  capacity  of  the  cylinder. 

I.  A  first  law,  which  it  is  important  for  us  to  know,  is  the 
law  which  connects  the  clastic  forces  with  the  temperatures. 

We  will  distinguisli  two  periods  during  the  stroke  of  the  piston: 
during  the  first  of  these  the  cylinder  communicates  freely  with 
the  boiler  ;  the  total  pressure  of  the  steam  upon  the  surface  of 
the  piston  is  Poi. 

If  the  piston  advances  by  a  quantity  dx,  the  element  of  work 
produced  wil  be  Vuid .r  =  P  dr. 

The  whole  quantity  of  work  produced  during  the  first  period, 
that  is,  from  the  beginning  of  the  motion  of  the  piston  until  the 
introduction  of  the  steam  is  sto])])ed  (corresponding  to  a  capacity 
V,  described  by  the  piston  in  the  cylinder),  is  P  V. 

During  the  second  period,  which  is  that  of  the  expansion,  no 
more  steam  comes  from  the  boiler,  but  the  steam  contained  in  the 
cylinder  continues  to  press  upon  the  piston  ;  as  this  rises,  the 
steam  occupies  a  larger  space,  its  elastic  force  diminishes,  and  its 
temperature  is  lowered  by  the  absorption  of  latent  heat  during  its 
dilatation. 

Experiment  has  not  decided  what  are  the  laws  wliich  govern 
these  variations  ;  but  one  id'  the  following  cases  must  happen  : 

First  case. — The  quantity  of  heat  absorbed  by  a  kilogramme  of 
liquid  water  at  0°  (32°  Fahrenheit)  in  passing  into  vapour  (which, 
for  the  sake  of  simplicity,  we  shall  call  the  total  heat  of  the  steam), 
is  the  same,  whatever  may  be  tlie  jiressure,  provided  the  vapour  lie 
at  its  maximum  of  density.     If  this  law  be  exact,  the  steam  will 

*  In  the  following  Translation  ue  have  preseived  the  French  units  of  length,  weight, 
and  temperature.     The  metre  is  -W-;d  inches.     The  IdlngranitnT  2  21'5  lb,,  av. 

The  degree  ot  the  Ct  ntigrnde  thermometer,  IH  degrees  Fahrenheit. 

To  reduce  Centigrade  to  Fahrenheit  degrees,  multiply  them  by  It,  divide  ttie  piodiKtl 
by  5,  an.l  adil  ol!  degrees. 
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always  remain  in  a  state  of  saturation  durinp:  the  whole  period  of 
the  expansion  ;  the  pressures  of  the  steam  will  vary  in  the  inverse 
ratio  of  its  volumes,  and  they  will  constantly  |)resent  the  relations 
to  the  temperatures,  which  connect  the  temperatures  of  saturated 
steam  with  its  elastic  forces. 

Second  case. — The  total  heat  of  the  steam  increases  in  propor- 
tion as  its  elastic  force  is  greater.  As  we  suppose  that  the  steam 
is  not  subjected  to  any  external  cooling  influence,  it  is  evident 
that,  in  proportion  as  the  steam  dilates  into  a  larger  space,  it  will 
require  a  smaller  quantity  of  total  heat  to  keep  it  in  the  state  of 
vapour.  Conse<iueiitly,  during  the  dilatation,  there  will  be  a  dis- 
engagement of  a  certain  q-aantity  of  latent  heat,  which  will 
become  sensible  to  the  thermometer,  and  will  raise  the  temperature 
of  the  steam  above  tlie  point  whicli  corresponds  to  its  saturation. 
The  temperature  of  the  steam  will  then  be  more  slowly  reduced 
than  in  the  former  case ;  the  steam  will  be  found  overheated 
during  the  expansion,  and  the  pressure  of  the  steam  upon  the 
piston  will  diminish  more  slowly  than  it  would  according  to  the 
law  of  Mariotte. 

Third  case. — The  total  heat  of  steam  is  less  in  proportion  as  its 
elastic  force  is  greater.  If  this  law  were  true,  there  would  be  a 
precipitation  of  liquid  water  during  the  expansion,  the  steam 
would  remain  constantly  saturated,  but  the  elastic  force  would  de- 
crease more  rapidly  than  according  to  the  law  of  Mariotte. 

In  the  absence  of  decisive  experiments  to  show  the  accuracy  of 
one  of  these  three  hypotheses,  mechanicians  have  generally 
adopted  the  first,  which  is  at  the  same  time  the  most  sim])le  and 
the  most  precise.  This  hypothesis  assimilates  the  expansion  of 
steam  to  that  of  a  permanent  gas,  dilating  in  a  variable  space, 
whose  walls  constantly  restore  to  the  gas  the  quantity  of  heat 
which  is  absorbed  in  tlie  latent  state  during  its  expansion,  so  that 
its  temperature  remains  invariable. 

The  work  developed  during  the  expansion  is  then  calculated  in 
the  following  manner  : — Let  v  be  the  volume  of  the  steam,  and  /) 
its  pressure  at  a  given  moment ;  dx  tlie  space  described  by  the 
piston  wliile  tlie  volume  becomes  t;  +  rfti;  the  element  of  work 
produced  will  be  padx^^pdv.  At  the  commencement  of  the 
expansion,  the  volume  is  V,  and  the  pressure  P,  and  as  we  admit 
the  law  of  Maiiotte  between  the  volume  of  the  steam  and  its 
elastic  force  during  expansion,  we  shall  have 

p  =  — ,  ^  pdv  =  VY  —  ; 

V  V 

and  the  whole  work  produced,  while  the  volume  of  the  vapour 

passes  from  V  to  V,  is   /*^  p  v  —  ;=  P  V  log.  yr  =  P  V  log.  -, 
^     V  u  V  r 

This  is  the  expression  for  the  work  produced  during  the  period 
of  the  expansion.  The  total  quantity  produced  during  a  complete 
stroke  of  the  piston,  is  then 


PV 


0  +  log.|,). 


We  have  heretofore  attended  only  to  the  pressure  which  is  ex- 
erted upon  one  of  the  faces  of  the  piston,  but  the  other  face  is 
constantly  submitted  to  the  pressure  which  exists  in  the  con- 
denser. We  will  suppose  this  latter  pressure  to  be  constant  during 
the  stroke  of  the  piston,  and  represent  it  by  f.  The  amount  of 
resistance  which  it  will  have  produced  during  the  stroke  of  the 

VP 

piston,  will  he/V,  =f-~.     So  that  the  moving  power  will  be 

*  1 

expressed  by  P  V  (  1  +  log.  ^  —  p    )  • 

5f  n  represents  the  number  of  strokes  of  the  piston  per  minute, 
the  power  developed  during  this  unit  of  time,  will  be  expressed  by 

But  the  accuracy  of  the  formula  depends  upon  the  accuracy  of 
the  hypothesis  which  we  have  admitted,  and  it  is  necessary  to  de- 
termine by  direct  experiments — 

II.  The  quantities  of  heat  which  must  be  given  to  a  kilogramme  of 
wa'er,  at  0°,  to  vapourize  it,  under  different  pressures. 

These  quantities  of  heat  are  composed  of  two  distinct  parts — 
the  heat  necessary  to  raise  the  temperature  of  the  liquid  water 
from  0°  to  the  point  at  which  the  change  of  state  takes  place,  and 
the  latent  heat  of  vaporization.  If  we  wish  to  distinguish  these 
two  parts  of  the  total  heat  of  steam,  we  must  determine  by  ex- 
periment— 

III.  Tlie  capacity  for  heat  of  loater  at  different  temperatures. 
Finally,  if  the  total  heat  of  steam  is  not  constant  under  all 


pressures,  in  order  to  calculate  the  effect  of  expansion,  we  must 
still  learn — • 

IV.  The  specific  heat  of  the  vapour  of  water  in  different  states  of 
density,  and  at  different  temperatures. 

The  theoretic  power  of  a  steam-engine  may  be  estimated,  by 
stating  the  amount  of  power  which  it  is  capable  of  giving  for  each 
kilogramme  of  steam  consumed. 

To  do  this,  let  w  be  the  weight  of  a  cubic  metre  of  steam  under 
the  pressure  P,  and  at  the  temperature  T  ;  ir  the  weight  of  steam 
consumed    by    the    machine    in    one    minute.      We    shall  have 

n  V  =  -,  and  consequently  the  power  given  by  the  machine,  from 

a  kilogramme  of  steam,  will  be  expressed  by 

But  in  order  to  calculate,  under  all  circumstances,  the  value  of 
w,  we  must  know — 

V.  The  law  according  to  v^hich  the  density  of  saturated  vapour  of 
water  varies  under  different  pressures. 

VI.  The  co-efficient  of  dilatation  of  the  vapour  of  water,  in  its  dif- 
fferent  states  of  density. 

Mechanical  philosophers  generally  admit  that  the  weight  (oi)  of 
a  cubic  metre  of  steam,  under  the  pressure  P,  and  at  the  tem- 
perature T,  may  be  calculated  by  applying  to  saturated  steam  the 
law  of  Mariotte,  and  the  law  of  tlie  uniform  dilatation  of  gases. 
Now,  these  laws  are  not  even  rigorously  exact  for  tlie  permanent 
gases,  and  it  is  to  be  feared  that  tliey  are  completely  false  for 
saturated  vapours.  Finally,  the  method  most  generally  adopted 
to  compare  steam-engines,  consists  in  stating  the  work  which  they 
perform  for  each  kilogramme  of  fuel  consumed.  To  do  this,  we 
must  know  the  weight  (K)  of  steam  under  the  pressure  P,  which 
a  kilogramme  of  fuel  can  develope  under  the  circumstances  in 
which  it  is  employed  ;  and  we  then  have,  for  the  work  performed 

(p  f  ^ 

1  -\-  log.  p p~  )■ 

The  quantity  K,  depends  upon  a  variety  of  circumstances  which 
we  cannot  now  discuss,  such  as  the  quality  of  the  fuel,  the  nature 
of  the  furnace,  the  arrangements  of  the  boiler,  &c. 

To  sum  up  then,  the  theoretic  calculation  of  steam-engines  re- 
quires the  knowledge  of  the  following  laws  and  data  : — 

I.  The  law  which  connects  the  temperatures  and  elastic  forces 
of  saturated  steam. 

II.  The  quantities  of  heat  which  one  kilogramme  of  liquid 
water  at  0°  absorbs,  in  being  converted  into  saturated  steam,  under 
different  pressures. 

III.  The  quantities  of  heat  which  one  kilogramme  of  liquid 
water  at  0°  requires  to  elevate  its  temperature  to  that  at  which  it 
assumes  the  state  of  steam,  under  different  pressures. 

IV.  Tlie  specific  heat  of  aqueous  vapour,  in  difl'erent  states  of 
densitv,  and  at  different  temperatures. 

V.  The  law  acctu-ding  to  which  the  density  of  saturated  steam 
varies,  under  different  pressures. 

VI.  The  co-efKcients  of  dilatation  of  steam,  at  different  densi- 
ties. 

Before  commencing  the  search  for  these  different  laws,_  it  was 
necessary  to  treat  several  preliminary  questions,  so  as  to  fix  with 
certainty  the  indispensable  auxiliary  data,  and,  above  all, 
to  define  clearly  the  conditions  which  must  be  fulfilled  by  the 
thermometers,  by  means  of  which  we  measure  the  temperatures, 
in  order  tliat  these  instruments  may  be  rigorously  comparable. 

These  preliminary  researches  obliged  me  to  undertake  succes- 
sively, long  series  of  experiments,  the  necessity  of  which  I  was 
far  from  foreseeing  when  I  undertook  the  work.  I  was  in  fact 
obliged  to  undertake  the  re-determination  of  a  great  number  of 
data,  which,  for  the  most  part,  appeared  to  be  fixed  with  complete 
certainty  by  the  researclies  of  my  predecessors,  and  as  to  which 
physical  philosophers  entertained  no  doubts  whatever. 

The  whole  of  these  researches  will  be  published  in  a  series  of 
detached  memoirs.  I  intend,  at  the  end  of  my  labours,  to  sum 
them  up  in  a  report,  which  will  be  addressed  to  the  Minister  of 
Public  AVorks,  in  which  the  results  will  be  presented  under  a  form 
suitable  to  the  especial  view  witli  which  the  work  was  undertaken 
— that  is,  the  theoretic  calculation  of  steam-engines. 

My  experiments  frequently  required  the  assistance  of  a  great 
number  of  observers.  I  was'  frequently  obliged  to  a\'ail  myself  of 
the  kindness  of  several  of  my  students,  among  whom  it  gratifies  me 
to  cite  especially  MM.  Berlin,  Grassi,  Bertrand,  Lissajoux,  and 
Silberman.  Let  me  be  permitted  to  return  to  them,  thus  publicly, 
my  thanks. 
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But  I  must,  in  a  very  especial  manner,  testify  my  fjratitude  to 
niv  tVienil  M.  Iznrn,  fur  the  zeal  and  complete  devotion  with  which 
111'  lias  .lidc'd  me  in  tliis  lonsj  series  of  laliimrs,  some  of  which  were 
not  without  ilanu'er,  and  all  were  very  trouhlesome,  as  well  as  m 
t!ie  loMij  and  tedious  numerical  calculations  which  were  tlie  con- 
se(pieu<-e  of  them.  Hy  the  aid  of  his  active  co-operation,  I  have 
lit'eii  ahle  to  terminate  these  labours  in  much  less  time  than  it 
woiilit  liave  been  pnssil)le  for  me  to  have  done  it  if  I  had  been  re- 
duced to  my  own  personal  efforts  alone. 

First  Memoir. — on  the    dilatation  of  elastic  fluids. 
Part  I. — Dilatation  of  Atnwipheric.  Air,    under  the  ordinary 

Pressure  of  the  Almnsjihere. 
M.  Rejjnault  commences  his  memoir,  by  remarkinsj  that  there 
is,  in  ])liysical  science,  no  numerical  element  wliicli  has  been  sub- 
mitted to  a  {i^reater  number  of  experimental  determinations  than 
tlie  co-efficient  of  dilatation  of  atmos])lieric  air,  and  that  never- 
tlieless  we  cannot  yet  say  that  this  co-efficient  is  Ivnown  to  us  with 
sufficient  precision.  The  experiments  of  tlie  elder  physical  philo- 
sophers gave  numliers  so  different  from  each  other  tliat  no  use 
VAW  be  made  of  tliem.  The  greater  part  of  the  circumstances 
wliicli  influenced  the  phenomenon  were  unknown  to  them. 

Tlie  ex])eriments  of  jNI.  Gay  Lussac  (Annales  de  Chimie,  1st 
Series,  tom.  xliii.,  p.  137.  Biot.  Traitc  de  rhysique,  torn,  i., 
p.  182),  seemed  to  have  settled  the  <|uestion  finally.  He  showed 
by  a  great  number  of  experiments  that  between  0°  and  100^  (32°  to 
212'  Fahrenheit)  the  co-efficient  of  dilatation  was  the  same  for 
all  gases,  and  for  vapours,  when  they  were  at  some  distance  from 
their  point  of  condensation,  and  that  its  value  was  0'375."' 

This  co-efficient  was  adopted  liy  all  physical  philosopliers,  and 
employed  in  calculations,  until  in  these  latter  years  a  Swedish 
philoso])her,  M.  Rudberg,  cast  a  doubt  upon  its  exactness.  By  a 
series  of  experiments  made  with  care,  j\I.  Rudberg  endeavoured  to 
show  that  the  co-efficient  of  M.  Gay  Lussac  was  much  too  large, 
and  that  its  true  value  was  comprehended  between  0'364.  and 
0-3(i.>. 

The  experiments  of  M.  Rudberg  are  then  described  at  length, 
by  M.  Regnault.  These  experiments  were  originally  published  in 
two  memoirs  contained  in  Poggendorif 's  Annals,  vols.  xli.  and  xliv., 
and  the  English  reader  will  find  them  in  the  valuable  Scientific 
Memoirs,  edited  by  Richard  Taylor,  vol.  i.,  pages  507  and  514.. 

Rudlierg  terminates  his  second  memoir  by  an  im])ortant  remark, 
which  had  already  been  made  in  1803,  by  Gilliert  (Gilbert's 
Annals,  vol.  xiv.,  page  267),  but  had  been  entirely  forgotten,  viz  : 
that  the  experiments  of  Messrs.  Dalton  and  Gay  Lussac,  which 
had  been  regarded  as  having  given  almost  identical  results,  diifered, 
on  the  contrary,  very  much.  In  fact,  in  the  memoir  of  Ualton 
(Memoirs  Soc.  Manchester,  1st  Ser.,  Vol.  v.,  Part  2,  p.  598),  he 
says : — 

"  I  have  repeatedly  found  that  1000  parts  of  common  air,  of 
the  temperature  i-i°,  and  common  pressure,  expand  to  1,321  parts 
of  the  thermometer ;  to  which,  adding  four  parts  for  the  corre- 
sponding expansion  of  glass,  we  have  325  parts  increase  upon 
1000  from  ■Vj'^  to  212°,  or  from  157  of  the  thermometer  scale 
( FiilirniheitJ."  It  is  evident  that  the  volume  of  air  here  assumed 
as  tlie  unit,  is  that  of  air  at  55°  Fahrenheit,  or  12-78  cent.  If,  on 
tlie  contrary,  we  take  for  unit  the  volume  of  air  at  0°  (32°  Fah- 
renheit), and  put  the  dilatation  between  0°  and  100°  =:  lOOo,  the 
results  of  Dalton  give 

1  -I-  12-78a:  1  -\-  lOOo  :  :  1000  :  1325;  whence  100a  =  0-392. 
This,  then,  is  Dalton's  true  result.  In  truth,  Dalton  himself 
does  not  appear  to  have  observed  the  error  which  had  slipped  into 
his  calculations,  for  he  says  in  his  new  system  of  chemical  phi- 
losophy : — "  The  volume  of  air,  according  to  the  experiments  of 
M.  Gay  Lussac  and  Mine,  being  1000  at  32'  Fahrenheit,  becomes 
1376  at  212°  Fahrenheit." 

In  a  note  JNI.  Regnault  notices  a  series  of  experiments  upon  the 
same  subject,  made  about  the  same  time  with  his  own,  by  Pro- 
fessor Magnus  of  Berlin.  An  extract  from  Professor  ^IagIlus' 
memoir  will  be  found  in  the  Annales  de  (Chimie  et  de  Physique, 
3rd  Ser.  tom.  iv.,  page  330 ;  and  a  second  memoir  upon  the  same 
subject,  tom.  vi.,  page  353. 

IVI.  Regnault  then  proceeds  to  give  his  own  method  of  experi- 
menting, and  the  details  of  his  experiments. 

These  methods  were  five  in  number.  In  the  first  four,  the  dila- 
tation of  the  air  was  deduced  from  the  observed  changes  in  its 
elastic  force  at  the  temperatures  of  0°  and  100°  cent.,  assuming  as 

*  The  results  arrived  at  by  Mr.  Dalton,  about  the  aame  time  (Memoirs  Lit.  and  Phil. 
Soc.  of  Manchester,  Ist.  Ser.,  Vol.  v.,  part '2,  p.  .'il)8),  appeared  to  give  a  co-efficient,  iden- 
tical, or  nearly  so,  with  that  of  Gay  Lussac,  {U-.i726),  and  coiihrmed  his  assertion  as 
to  the  equal  dilatation  of  dilTererit  gases,  so  tliat  Mr.  Dalton  himselt  adopted  the  co.«fficient 
found  by  M.  Gay  Lussac. 


true  the  law  of  Mariotte,  that  the  elastic  force  of  a  gas  varies 
inversely  as  its  v(dume,  when  the  temperature  remains  the  same. 
The  fifth  method  was  an  attem]it  to  measure  directly  the  augmen- 
tation of  volume  due  to  the  cliange  of  temperature. 

Thefirxt  methiid  was  similar  to  that  used  by  Rudberg,  in  his  first 
series  of  experiments,  and  by  Dulong  and  Petit,  in  their  com- 
parison of  mercurial  and  air  thermtmieters. 

The  apparatus  consisted  of  a  glass  cylindrical  reservoir,  from 
25  to  30  millimetres  in  diameter,  and  about  110  millimetres  long, 
containing  from  SOO  to  1,000  grammes  of  mercury.  To  this  was 
soldered  a  capillary  stem,  of  which  the  diameter  varied  in  the 
different  experiments,  from  i  to  2  millimetres.  This  was  bent  at 
right  angles,  at  stone  distance  above  the  reservoir,  and  drawn  out 
to  a  fine  point.  The  reservoir  and  the  greater  ])art  of  the  stem 
were  immersed  in  a  vessel  of  water  boiling  under  the  usual  atmo- 
spheric pressure,  and  filled  with  perfectly  dry  air,  by  exhausting  it 
from  25  to  30  times,  by  means  of  a  small  pump,  and  re-filling  it 
each  time  with  air  which  had  passed  through  two  tubes,  eacli  one 
metre  in  length,  filled  with  pumice-stone,  saturated  with  concen- 
trated sulphuric  acid.  This  being  done,  the  apparatus  was  suffered 
to  stand  from  half  an  hour  to  an  hour,  the  water  being  maintained 
in  full  ebullition  ;  the  end  of  the  capillary  stem  was  then  closed  by 
the  blow-jnpe,  and  the  height  of  the  barometer  noted.  The 
reservoir,  with  its  stem,  was  then  inverted  upon  a  stand,  so  that 
the  point  of  the  stem  dijiped  to  some  distance  in  a  cup  of  mercury, 
the  cup  was  broken  off  under  the  mercury,  and  the  reservoir  sur- 
rounded with  iiounded  ice,  and  left  in  its  condition  for  an  lioin  or 
more,  until  the  wjiole  of  the  air  (now  contracted  so  as  to  fill  only 
a  portion  of  the  reservoir)  was  reduced  to  the  temperature  0°. 
The  end  of  the  stem  was  then  again  closed  by  a  little  wax,  the 
barometer  again  noted,  the  position  of  the  surface  of  the  mercury 
in  the  cup  marked  by  a  point  adjusted  by  a  screw — the  cup  re- 
moved, and  the  reservoir  and  its  contents  suffered  to  take  the 
temperature  of  tlie  surrounding  air.  The  height  of  the  mercurial 
column  above  the  level  of  the  mercury  in  the  cup  was  then 
measured  by  the  cathetometer.  The  reservoir  and  its  contents 
were  then  weighed,  entirely  filled  with  mercury,  first  boiled  to  free 
it  from  air  and  moisture,  the  point  again  immersed  in  mercury, 
and  the  reservoir  surrounded  with  ice.  At  the  end  of  one  or  two 
hours,  when  it  was  satisfactorily  ascertained  that  the  whole  appa- 
ratus had  taken  the  temperature  0°,  the  ice  was  removed,  the  mer- 
cury which  was  discharged  by  the  rise  of  temperature  was 
received  in  a  cajisule,  and  the  apparatus  placed  in  a  boiler,  as  at 
first,  and  brought  to  100°.  The  mercury  expelled  was  collected  in 
the  capsule,  and  the  height  of  the  barometer  at  the  moment  of 
ebullition  noted.  By  tliis  means,  all  the  data  necessary  to  calcu- 
late both  the  dilatation  of  the  air,  and  that  of  the  glass  vessel 
which  contained  it,  were  given. 

In  performing  these  experiments,  M.  Regnault  observed  a 
serious  cause  of  error.  When  the  point  of  the  stem  was  broken 
under  the  mercury,  he  observed  that  a  small  quantity  of  air 
leaked  into  the  reservoir,  even  when  the  point  was  plunged  to  the 
depth  of  -if  metre  under  the  mercury.  This  air  was  a  ]uirtion  of 
that  which  remained  in  contact  with  the  glass  tube,  which  not 
being  wetted  by  the  mercury,  allowed,  as  it  were,  a  tube  of  air 
from  the  point  to  the  surface.  This  difficulty  was  obviated  by  at- 
taching to  the  glass  stem,  plates  of  well-cleaned  brass,  to  which 
the  mercury  adhered,  and  tlius  the  entrance  of  air  was  prevented. 
In  addition  to  this,  a  layer  of  sulphuric  acid  was  sometimes  poured 
upon  the  surface  of  the  mercury,  before  the  point  was  broken,  and 
was  carefully  removed  before  the  point  was  again  closed.  Equal 
care  was  taken  to  in-event  the  air  enfilming  the  pincers  used  to 
break  the  point,  from  getting  access  to  the  interior.  In  this 
method  fourteen  experiments  were  tried,  the  mean  of  which  gives 
for  the  volume  of  1,000  measures  of  air,  at  the  temperature  of  0°, 
when  heated  to   100°,  1-36623. 

The  highest  number  obtained  in  any  experiment,  was  1-36689 
The  lowest         ...  ...  ...  ...  ...  1-36519 


The  difference  is  0-00140 

or  about  Tmt  of  the  mean. 

The  lowest  number  was  above  the  mean  result  obtained  by  Rud- 
berg. M.  Regnault  believes  that  this  may  probably  be  due  to  the 
phenomenon  of  the  entrance  of  the  air  upon  breaking  the  point 
having  taken  place  in  the  experiments  of  the  Swedish  professor, 
and  he  remarks  that  the  error  would  be  greater  in  proportion  as 
the  quantity  of  air  operated  on  was  less.  He  also  states  that  he 
believes  the  first  experiments  of  his  own  series  were  affected  by 
this  phenomenon,  and  as  an  evidence  of  this  states,  that  from  the 
moment  that  he  succeeded  in  preventing  it  entirely,  no  experi- 
ment gave  a  number  below  1-3659. 
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The.  second  series  of  experiments  was  tried  with  an  apparatus 
differing  but  little  from  the  one  just  described.  The  reservoir  was 
a  glass  globe  of  from  350  to  -tOO  cubic  centimetres,  soldered  to  a 
thermometer  stem,  about  38  centimetres  long ;  upon  this  thermo- 
meter-tube was  soldered,  at  the  distance  of  1 1  centimetres  from  the 
bulb,  a  piece  of  tube  very  regular  in  its  diameter,  about  50 
millimetres  long,  and  of  a  diameter  sufficiently  large  to  present 
but  feeble  capillary  action.  The  thermometer-tube  was  bent  at 
right  angles,  and  drawn  out  to  a  point.  The  first  operation  was  to 
gauge  the  apparatus  carefully,  and  to  ascertain  its  co-efficient  of 
dilatation.  This  was  done  by  filling  it  with  mercury  at  the 
temperature  0°,  then  submitting  it  to  a  temperature  of  100^  col- 
lecting the  mercury  expelled,  and  weighing  this,  and  the  quantity 
which  remained  in  the  bulb. 

The  dilatation  of  the  air  was  then  determined  very  much  as 
before.  Eighteen  experiments  were  tried  in  this  way,  tlie  mean 
of  all  of  which  was  1'36633  ;  the  maximum,  1-36708;  minimum, 
1-36585  ;  the  difference,  0-00123,  or  ^t'tt  of  the  mean. 

The  third  series  of  experiments  was  performed  with  an  apparatus 
imitated  from  that  described  by  Rudberg  in  his  second  memoir. 
Upon  a  shelf  within  a  copper  alembic,  the  cover  of  which  is  firmly 
fixed  upon  an  a|ipropriate  support,  is  placed  a  glass  cylindrical 
reservoir,  35  millimetres  in  diameter  and  170  millimetres  long; 
to  its  upper  extremity  is  soldered  a  thermometer-tube,  which  passes 
through  a  tubulure  in  -the  cover,  and  bending  twice  at  right 
angles,  is  soldered  to  a  larger  tube,  which  dips  down  into  a  cistern 
of  mercury,  passing  air-tight  through  a  tubulure  in  its  cover.  On 
the  same  shelf  is  placed  a  precisely  similar  reservoir,  terminating 
in  a  straight  thermometer-tube,  which  passes  through  another 
tubulure  in  the  cover,  and  this  apparatus  being  properly  filled 
with  mercury,  furnishes  a  delicate  thermometer  for  noting  the 
temperatures  in  the  alembic.  The  mercurial  cistern  is  furnished, 
in  its  lower  part,  with  a  piston,  moveable  by  a  screw.  Through  a 
second  tubulure  in  the  cover  of  the  cistern,  passes  a  straight 
gauge-tube,  open  above,  and  di|)ping  into  the  mercury  below,  and 
of  the  same  diameter  as  the  tube  which  terminates  the  thermome- 
ter-stem. The  capacity  of  this  apparatus  having  been  gauged, 
and  the  co-efficient  of  dilatation  determined  by  a  previous  expe- 
riment, the  reservoir  is  filled  with  dry  air,  and  the  alembic  filled 
with  ice,  so  as  to  reduce  the  temperature  to  0° ;  the  piston  in  the 
mercurial  cistern  is  then  raised  or  lowered,  until  the  mercury  in 
the  tube  communicating  with  the  reservoir,  stands  exactly  at  a 
mark  previously  made  upon  it,  and  the  difference  between  this 
point  and  the  top  of  the  column  of  mercury  in  the  gauge  tube,  is 
measured.  The  ice  is  then  removed  frimi  the  alembic,  and 
replaced  by  water,  which  is  boiled,  and  the  temperature  of  the 
reservoir  being  thus  brought  to  100°,  the  piston  is  again  adjusted, 
so  as  to  bring  the  mercury  to  the  same  height  as  before  in  the 
tube  communicating  with  the  reservoir,  and  the  differences  of  its 
height  in  this  tube  and  the  gauge-tube  again  read.  These  two 
readings  of  course  give  the  elastic  force  of  the  air  at  these  tem- 
peratures, and  from  these  the  co-efficient  of  dilatation  is 
deduced.  The  experiments  tried  with  this  apparatus,  give  a 
mean  of  1-36679 — the  diffei-ence  between  the  maximum,  1-36747, 
and  the  minimum,  1-36612,  being  toIjt  "f  the  mean.  M.  Regnault 
does  not  believe  this  method  susceptible  of  the  same  aecui-acy  as 
the  other,  on  account  of  the  irregular  action  of  capillarity  in  the 
tubes,  although  purposely  taken  of  equal  diameters.  He  also 
remarks  that  the  results  obtained  by  him  are  larger  than  those 
got  by  Rudberg  from  a  somewhat  similar  apparatus,  wliich  he 
believes  may  be  attributed  to  the  latter  having  made  his  mark 
npon  a  capillary  tube,  and  to  his  neglecting  the  small  (juantity  of 
air  contained  in  the  thermometer-tube,  which  is  not  heated  to 
100°.  As  however,  unfortunately,  M.  Rudberg  has  not  stated  the 
dimensions  of  his  apparatus,  it  cannot  be  ascertained  what  influence 
this  had  u])on  his  results. 

For  the  fourth  series  of  experiments  a  form  of  apparatus  was  devised 
similar  in  principle  to  that  just  described,  but  free  from  its  ob- 
jections. This  consisted  essentially  of  a  glass  globe,  of  a  capacity 
of  from  800  to  2,000  cubic  centimetres,  to  which  was  added  a 
capillary  stem  about  20  centimetres  long.  The  globe  was  placed 
in  an  appropriate  metallic  vessel,  so  that  it  could  be  alternately 
heated  to  100°,  and  cooled  to  0°;  the  tube  passing  out  of  a  lateral 
opening  terminated  in  a  small  copper  pipe  which  had  two  other 
openings — one  of  these  was  for  the  moment  closed,  the  other  com- 
municated with  the  apparatus  for  drying  the  air,  by  whose  means 
the  globe  and  tube  were  filled  with  dry  air  with  the  usual  precau- 
tions. Another  glass  tube  of  16  or  17  millimetres  internal  diameter 
was  cemented  at  its  lower  end  into  an  iron  cap  terminated  below 
by  a  stop-cock,  and  carrying  a  lateral  branch  bent  parallel  to  the 
axis  of  the  tube  :  into  this  lateral  branch  was  cemented  a  second 


tube,  which  was  for  a  certain  distance  of  the  same  diameter  as  the 
first,  and  terminated  above  by  a  capillary  tube,  a  part  of  that 
which  formed  the  neck  of  the  globe,  which  was  bent  at  right  angles. 
This  system  of  tubes  being  firmly  and  carefully  adjusted  in  a  ver- 
tical position,  the  second  tube  with  its  attached  capillary  branch 
was  carefully  dried  and  filled  with  boiled  mercury,  and  the  upper 
part  of  the  capillary  tube,  which  was  of  course  horizontal,  was  then 
fitted  into  the  third  opening  of  the  small  copper  tube,  so  as  to  be 
in  immediate  communication  with  the  neck  of  the  globe.  When 
firmly  fixed,  the  stop-cock  at  the  bottom  of  the  compound  tube 
was  opened,  and  the  mercury  flowing  slowly  out  was  replaced  by 
air  drawn  througli  the  drying  apparatus,  aiid  the  apparatus  filled 
with  air  to  a  certain  mark  o,  placed  upon  the  vertical  tube,  where  it 
was  of  greatest  diameter,  the  glass  globe  being  all  the  time  im- 
mersed in  boiling  water  :  the  drying  apparatus  was  then  removed, 
and  the  branch  of  the  copper  tube  with  which  it  communicated 
hermetically  sealed,  and  the  height  of  the  barometer  noted.  The 
hot  water  was  then  discharged  from  around  the  globe,  and  replaced 
first  by  cold  water  and  afterwards  by  pounded  ice,  the  level  of  the 
mercury  being  kept  at  a,  by  suffering  it  to  flow  oft'  when  necessary 
by  the  stop-cock.  When  the  globe  has  certainly  reached  the  tem- 
perature of  the  ice,  the  barometer  is  read,  and  the  difference  of 
the  heights  of  the  mercury  in  the  two  communicating  vertical 
tubes  is  measured.  We  have  thus  all  the  data  for  calculating  the 
co-efficient  of  dilatation  of  the  air,  but  another  observation  may  be 
had  by  reversing  the  experiment.  To  do  this,  re-connect  the  dry- 
ing apparatus  with  the  copper  tube,  the  mercury  will  fall  in  the 
vertical  tube  in  connection  with  the  globe,  but  must  be  kept  at  o 
by  poui-ing  mercury  into  the  other  vertical  tube  :  when  equilibrium 
has  been  attained,  remove  the  drying  apparatus,  and  close  its 
branch  of  the  copper  tube,  then  replace  the  ice  by  boiling  water, 
and  repress  the  dilatation  of  the  air  by  pouring  more  mercury  into 
the  vertical  tube  ;  when  you  are  satisfied  that  the  air  has  taken 
the  temperature  of  boiling  water,  read  the  barometer,  and  measure 
the  difference  of  the  heights  of  the  mercury  in  the  two  vertical 
tubes. 

The  mean  of  six  experiments  tried  in  this  way  gave  1-3665  for 
the  co-efficient  of  dilatation  :  the  maximum  result  being  1-36710  ; 
the  minimum  1-36580  ;  difference  -j-oVx  of  the  mean. 

By  this  method  the  dilatation  of  the  air  is  determined  under 
very  different  pressures ;  in  fact,  during  the  first  period  of  every 
experiment,  the  air  is  under  the  atmosplieric  pressure  0-760  metre 
when  at  100°,  and  only  under  the  pressure  of  0-550  metre  when  at 
0°.  In  the  second  period,  the  air  at  0°,  is  under  the  atmospheric 
pressure  0-760m.,  and  when  heated  to  100°  under  the  pressure  of 
about  1-040.  It  is  even  easy  to  arrange  the  apparatus  so  that  the 
experiment  may  be  tried  under  still  greater  differences  of  pressure. 
As  the  experiments  showed  no  difference  in  the  numbers  obtained 
during  these  periods  (136655  during  the  first,  and  1-36645  during 
the  second  period,)  we  must  conclude  that  within  these  limits  of 
pressure,  the  co-efficient  of  dilatation  of  air  is  sensibly  constant. 

JFifth  series  of  experiments. — In  all  the  experiments  hitherto 
described,  the  dilatation  of  the  gas  was  determined  indu-ectly  from 
a  direct  measurement  of  the  augmentation  of  its  elastic  force  when 
brought  to  a  constant  volume  at  a  higher  temperature,  assuming 
the  truth  of  the  law  of  Jlariotte.  In  order  to  get  the  dilatation 
directly,  the  gas  enclosed  in  an  eminently  elastic  envelope  should 
dilate  freely  without  changing  its  elastic  force,  and  the  augmenta- 
tion of  volume  must  be  carefully  measured,  the  gas  being  all  at  the 
same  temperature.  It  is  difficult  to  see  how  these  conditions  can 
be  realised  in  practice,  but  it  may  be  done  approximately  by  fol- 
lowing the  method  adopted  by  M.  Pouillet  in  his  air  pyrometer. 
(Traite  de  Physique,  4me  edit,  tome  1,  p.  255.)  In  this  way  the 
elastic  force  of  the  gas  remains  sensibly  the  same,  but  a  very  nota- 
ble portion  in  the  reservoir  of  dilatation  is  at  a  temperature  but 
slightly  differing  from  tliat  of  the  surrounding  air. 

The  apparatus  used  by  j\I.  Regnault  was  to  a  great  extent  similar 
to  that  just  described,  but  the  iron  cap  into  which  the  two  vertical 
tubes  were  cemented  was  differently  adjusted.  It  had  two  stop- 
cocks, by  one  of  which  the  barometric  tube  could  be  made  to  com- 
municate at  pleasure  «ith  the  exterior,  while  the  other,  which  was 
placed  under  the  tube  in  communication  with  the  globe,  was  so 
bored  that  it  might  make  a  communication  either  between  the  two 
tubes  or  between  this  second  vertical  tube  and  the  external  air. 
These  two  tubes  were  placed  in  a  glass  vessel  which  could  be  filled 
with  water  so  that  they  could  be  maintained  at  any  and  a  uniform 
temperature.  The  experiment  was  conducted  as  follows :  The 
globe  being  surrounded  witli  ice,  and  the  communication  with  the 
drying  apparatus  opened,  tlie  level  of  the  mercury  was  brought  to 
the  mark  a  on  the  vertical  tube ;  the  communication  between  the 
two  tubes  being  open,  the  mercury  would  of  course  be  at  the  same 
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height  ill  both  tul)e>  ;  the  communication  with  the  ilryintj  apjiaratus 
was  dosed,  tlie  barometer  and  tlie  temperature  of  the  water  around 
the  tubes  noted.  The  ijlobe  was  then  brouerht  to  loo",  tlie  mercury 
in  tlie  vertical  tube  was  of  course  depressed,  and  in  order  to  keep 
that  in  tlie  barometric  tube  at  about  the  same  level  with  it,  its 
stop-cock  had  to  be  opened  and  the  mercury  sutlered  to  flow  out ; 
the  two  columns  were  thus  kept  nearly  at  the  same  hei^fht,  that  in 
the  tube  in  which  the  air  was  dilatinar,  beinj;  brou^^ht  to  a  second 
mark  /3,  and  the  exact  difference  in  the  heights  of  the  two  columns 
was  carefully  noted,  as  well  as  the  heij^ht  of  the  barometer,  and 
the  temperature  of  the  water  in  the  surrounding  vessel.  In  order 
from  this  experiment  to  determine  the  dilatation  of  the  air,  it  is 
only  necessary  to  know  the  ca])acity  of  the  globe,  and  of  its  stem 
as  far  as  the  mark  o,  and  that  of  tlie  vertical  tube  between  a  and  6  ; 
these  are  all  easily  determined  by  the  weight  of  pure  mercury 
necessary  to  fill  tliem. 

Four  experiments  tried  in  this  way  gave  a  mean  dilatation  of 
l'.'J6706:  the  maximum  being  1'36718;  the  minimum  1'36693; 
difference  j^^j  of  the  mean.  The  co-efficient  of  dilatation  given  by 
this  fifth  method  is  sensibly  greater  than  that  got  from  the  others. 
This  circumstance  is  not  accidental,  as  in  the  second  part  of  the 
memoir  similar  differences  are  shown  for  other  gases,  and  in  cer- 
tain cases  these  differences  are  very  considerable.* 

M.  Regnault  then  proceeds  to  the  discussion  of  his  formulae,  for 
the  purpose  of  determining  the  probable  error  in  his  results,  and 
he  shows  that  in  the  first  three  series — principally  owing  to  the 
uncertainty  of  the  readings  of  the  barometer  within  ,'5  millimetre, 
the  maximum  probable  error  is  about  ,431  which  is  aliout  the  greatest 
difference  between  the  maximum  and  minimum  results  in  any  one 
series.  The  two  last  seiies  include  the  same  source  of  error,  and 
another  arising  from  the  uncertainty  of  the  temperature  of  the  air 
in  the  capillary  tube,  which,  however,  he  believes  may  be  altogether 
neglected  in  his  experiments,  the  apparatus  having  been  carefully 
arranged  so  as  to  make  this  a  very  small  fraction  of  the  whole 
volume  of  air  under  experiment. 

He  finally  assumes  0003(>65  as  the  mean  co-efficient  of  dilatation 
of  dry  atmospheric  air  as  determined  by  the  first  four  series  of 
experiments,  and  remarks  that  the  number  0'003(i7  given  by  the 
fifth  series  must  be  adopted  in  experiments  where  the  gas  dilates 
freely  and  preserves  its  original  elastic  force.  He  also  gives  as  a 
fraction  easily  recidleeted,  the  remark  of  M.  Babinet  that 
0-00366666  should  be  expressed  by  ^. 

Paut  II. — On  the  Dilatation  of  some  other  Gases  under  Pressures 
near  that  of  the  Atmosphere. 
Physical  philosophers  admitted  that  all  gases  had  the  same  co- 
efficient of  dilatation,  but  since  so  serious  an  error  in  the  numerical 
value  of  this  co-efficient  had  been  shown,  it  was  necessary  to  submit 
this  law  also  to  verification,  the  result  of  which  was  to  show  its 
incorrectness.  The  experiments  were  tried  chiefly  by  the  methods 
I.  and  IV.  under  constant  volumes,  and  V.  under  constant  pressure. 
It  is  not  necessary  to  describe  them  in  detail,  as  M.  Ilegnault  has 
done,  nor  to  give  the  methods  by  which  the  gases  were  purified  ; 
suffice  it  to  say  that  aU  necessary  precautions  were  taken,  and  the 
general  results  were  as  follows : — 

Co. efficient  of  Dilatation  from  0°  to  lOOo. 
Under  constant  volume.        Under  constant  pressure. 
Hydrogen,  0  3667  0-3661 

Atmospheric  Air,  03665  0-3670 

Nitrogen,  0  3668 

Oxide  of  Carbon,  0-3667  0-3669 

Carbonic  Acnl,  0-368S  0-3710 

Nitrous  Oxide,  0-3676  0-3710 

Sulphurous  Acid,  O.'iSlJ  03903 

Cyanogen,  0-3829  0-3877 

He  also  describes  an  apparatus,  an  easily-imagined  modification 
of  method  IV.,  by  which  the  difference  in  the  co- efficient  of  dilata- 
tion of  any  two  gases  may  be  at  once  shown. 

Part  III. — On  the  Dilatation  of  Gases  under  Different  Pressures. 

It  has  been  generally  admitted  that  the  dilatation  of  gases  is 
constant  between  the  same  limits  of  temperature,  no  matter  to 
what  pressure  they  may  be  submitted  ;  consequently,  that  it  is 
altogether  independent  of  their  initial  density.  But  it  is  difficult 
to  cite  conclusive  experiments  upon  which  this  law  is  founded. 
Several  observers  having  obtained  the  same  value  for  the  co-efficient 
of  dilatation  of  air,  under  different  barometric  pressures,  concluded 

*  M.  Reenault  describes  in  a  note  an  indepeniient  series  of  experiments  tried  by  him 
according  to  tlie  metliod  of  M.  Giy  Lussac— th.it  is,  by  observinij  the  dilatations  of  a 
quantity  of  dry  air  coiit.iined  in  a  true  thermometer  and  separated  from  the  external 
atmosphere  by  a  small  index  of  mercury.  (Blot.  'I'rait^  d  ■  Phys.  torn.  l,p.  IH-i.)  The 
results  obtained  did  not  agree  at  all,  and  were  all  feebler  than  by  any  of  the  other 
methods  i  the  highest  result  recorded  was  l-;j647. 


that  the  co-efficient  of  dilatation  of  gases  w-as  constant  under  all 
pressures ;  but  the  barometric  variations  in  any  place  are  not  sufB- 
ciently  extensive  to  permit  so  general  a  conclusion  to  be  thus 
deduced. 

Sir  Humphrey  Davy  is  the  only  philosopher  who  has  studied  the 
dilatation  of  gases  under  very  different  pressures.  (Phil.  Trans. 
18a3,  vol.  ii,  p.  20t.) 

He  states  that  he  found  the  same  dilatation  for  air  taken  with 
the  densities  n,  i,  .1,  1,  and  2;  but  his  experiments  were  not  made 
by  a  sufficiently  delicate  method  to  allow  his  results  to  be  con- 
sidered exact. 

The  experiments  of  M.  Regnault  upon  this  subject  were  tried 
witli  apparatus  of  the  same  character  as  those  before  described,  as 
methods  IV.  and  V.,  with  such  modifications  as  the  peculiar  cir- 
cumstances of  the  experiments  rendered  necessary:  and  the  con- 
clusion at  which  he  arrived  was  that  '"'' the  air  di/ate.s;  within  the 
same  litnits  of  temperature,  bij  quantities  vhich  are  greater  in  propor- 
tion as  the  densiti/  of  the  yas  is  greater  :  that  is,  in  proportion  as  its 
molecules  are  brought  nearer  to  each  other." 

The  following  taldes  exiiibit  the  results  of  his  experiments  upon 
air,  carbonic  acid,  and  sulphurous  acid  : 

Dilatation  of  Gases  wider  different  Pressures,  determinid  by  the  method  of 
Constant  Volumes.     (II.  and  IV.) 

ATMOSPHERIC    AIR. 

Density  of  the  airat 
Pressure  at  0°.  Pressure  at  lllO".         (F,  that  of  air  at  0',      Volume  of  the  air  «t 

flliUimetres.  Mdlimetres.  under  a  pressure  of      lOU^,  that  at  U°  =  1. 

760  inlllinetres  =  1. 

lOn-72                               IW.-il                              014+1  1-36482 

174-:il)                              237  17                              0  2-.'ll4  136513 

2'.6-l)l)                              39.5  07                              «b5nl  1  ■36542 

374  67                              510-35                              0  41130  1-365S7 

37.V23                              610-97                              0-4937  1-36572 

760-00                                —                                   1  Ouon  1  36650 

167S-4I)                            2-286  09                              2-2C84  136760 

16D2  53                            2306-23                              2  2270  1-^,6800 

2144  IS                            2924-14                              2-"2l3  136894 

3655-56                            4992-09                              4-SlOO  1  37091 


753  47 
901  119 
1742-73 

3589-1)7 


CARBONIC  ACID. 

11134-54  1  0000 

12311  37  1-IS79 

2187  72  2-2976 

4759  03  4  7318 


1  .16856 
1  36943 
1  37523 
1-38698 


Dilatation  of  Gases  under  different  Pressures,  determined  by  the  method  of 
Constant  Pressures,     (V.) 


Atmospheric  Air.      Carbonic  Acid. 


H\di-ogen. 


Pressure  Volume 

Willi,  at  100°. 

760  1 -.167116 

25-25  1-36944 

2620  136964 


Pressure  Volume  Pressure  Volume 

Wdli.  at  lOlF.  Jlllli.  at  l(«l°. 

760  1  37099  760  1-36613 

2520  1-38455  2645  136616 


Sulphurous  Acid. 

I * > 

Pressure  Pressure  Volume 
at  11°.  at  100"^.  at  lull". 
'60  00  760-110  1-39020 
982-73       987  64       1-39804 


The  general  conclusions  of  this  memoir  are  as  follows  : — 

1st.  The  co-eflicient  of  dilatation  of  air,  0-375,  heretofore  ad- 
mitted by  philosophers  from  the  experiments  of  M.  Gay  Lussac,  is 
much  too  great  for  dry  air  under  the  ordinary  atmospheric  pres- 
sure. The  co-efficient  0-36-t5,  which  is  the  mean  of  the  experiments 
published  by  M.  Rudberg,  is  too  small.  When  the  co-eflicient  of 
dilatation  of  air  is  deduced  by  calculation,  from  the  changes  of 
elastic  force  w hich  the  same  volume  of  gas  undergoes  when  carried 
from  0^  to  100^,  its  value  is  0-3665.  But  when  this  co-efficient  is 
deduced  from  the  changes  of  volume  of  the  same  mass  of  gas  in 
passing  from  0^  to  100,  its  elastic  force  remaining  constant,  we 
find  a  value  rather  higher  :   that  is — 0-3670. 

2nd.  The  co-efficients  of  dilatation  of  the  different  gases  are  not 
equal,  as  has  been  hitherto  admitted ;  they  present  on  the  contrary, 
notable  differences,  as  may  be  seen  by  the  numbers  before  cited. 
There  is  often  obtained  for  the  same  gas,  very  difl"erent  values  for 
its  co-efficient  of  dilatation,  according  as  this  is  deduced  immedi- 
ately from  the  observation  of  the  change  of  volume  which  the  same 
mass  of  gas  undergoes  between  0'  and  100%  its  elastic  force  remain- 
ing the  same,  or  calculated  from  the  variation  in  the  elastic  force 
of  the  gas  between  0'  and  100',  its  volume  remaining  constant. 

3rd.  The  air  and  all  other  gases,  except  hydrogen,  have  greater 
co-efficients  of  dilatation  in  proportion  as  their  density  increases. 

4th.  The  co-efficients  of  dilatation  of  the  different  gases  approach 
nearer  equality  as  their  pressures  are  lighter;  so  that  the  law 
which  is  thus  expressed,  ^' all  ga.ies  have  the  same  co-efficient  dilata- 
tion" may  be  considered  as  a  limiting  law  which  is  applicable  to 
gases  in  a  state  of  extreme  dilatation ;  hut  which  is  farther  from 
the  truth  in  proportion  as  the  gases  are  more  compressed,  or,  in 
other  words,  as  their  molecules  are  brought  nearer  together. 
(To  he  continued.) 
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CONTRIBUTIONS    TO    RAILWAY    STATISTICS, 

In  1816,  184.7,  anh  1848.— By  Hype  Clarke,  Esq. 
No.  I.— PASSENGERS  AND  FARES. 
Havin":  published  an  analysis  of  the  Railway  Returns  for  1845, 
I  have  taken  the  earliest  opportunity  after  the  appearance  of  those 
for  1846  and  1847,  of  giving  a  similar  analysis  of  them,  under  the 
same  title  of  "  Contributions  to  Railway  Statistics,"  which  1  hope 
may  prove  equally  acceptable  to  practical  men  as  the  former  series. 
The  followins;  are  the  totals  of  each  class  of  passengers  in  the 
years  ending  3Uth  June  :— 

1844.  1845.  1846.  1847. 

Istclas5,         4,875,332J  .1,474,163  6,160,354J  6,572,714 

2r,d  class,       12,235,686  14,325,825  16,131,065}         18,699,2884 

3rd  class,         8,583,085i         13,135,820  18,506,5-.'7i  22,850,803J 

Mixed  2,069,498^  855,445J  2,193,126  3,229,357 


Altogether,    27,763,602i  33,791,253*  43,790,983J  51,352,163 

The  amount  received  for  each  class,  in  each  year,  was  as  fol- 
lows : — 

1844.  1845.  1846.  1847. 

1st  class,          £1,432  688  £1,516,805  £1,661,898  £1,675,759 

2nd  class,             1,375.679  1,598,115  1.937,946  2,048,080 

3rd  class,                483,06e  651.903  1,032.206  1,286.710 

Mixed,                    147,858  209,518  93,164  146,733 


Altogether,       £3,439,294         £3,976,341         £4.725,215        £5,148,002 
The  yearly  increase  in  numbers  on  each  class  of  passengers  is  as 
follows : — 

1845.  1846.  1847. 

1st  class,         12  per  cent.       12  per  cent.         7  per  cent. 
2nd  class,        17       „  18       „  10       „ 

3rd  class,        50       „  41        „  23       „ 

Altocether,    21        „  24       „  17 

The  yearly  increase  in  money  on  each  class  of  passengers  is  as 
follows : — 

1845.  1846.  1847. 

1st  class,  6  per  cent.        9  per  cent.      —  per  cent. 

2nd  class,        16       „  21        „  6       „ 

3rrl  class,         34        ,,  53       ,,  24       „ 

Altogether,     16       „  18       „  9       „ 

It  is  to  be  observed  that  no  deductions  can  be  drawn  from  these 
figures,  as  the  Railway  Department  returns  are  defective  and 
informal. 

The  gross  returns  in  each  year  from  passengers,  goods,  &c.,  were 
as  follows : — 

18423,  £4,535,189 

1843-4,  5,074,674 

1844-5,  6,209,714 

1845.6,  7,565,569 

1846-7,  8,510,886 

According  to  Mr.  Hackett,  in  Herapath's  Rai/wny  Journal,  the 
receipts  for  the  years  ending  31st  December,  have  been  as  follows  : 

1842,  £4,341,781 

1843,  4,827,655 

1844,  5,584,982 

1845,  6,649,224 

1846,  7,664,874 

1847,  8,949,681 

^"'I'^'^n^ifiis'"^  i     9,423,963 
June  30,  1848,   J 

Mr.  Hackett's  totals  are  taken  from  the  traijic  returns  published 
in  Herapath's  Journal,  and  do  not  include  many  small  companies 
which  make  returns  to  the  Railway  Department. 

The  following  will  show  the  totals  of  the  Railway  Department 
and  of  Mr.  Hackett  for  the  same  period : — 


1842-3, 
1843-4, 
1844-5, 
1S45-6, 
1846-7, 
1847-8, 


Railway  Department. 
£4,341,781 
5,074,674 
0.209.714 
7.565,569 
8,510,886 


Mr.  Hackett. 
£4,530,401 
5,114,575 
6,065,956 
7,159,502 
8,194,767 
9,423,963 


Except  in  the  first  two  years,  it  will  he  seen  that  Mr.  Hackett's 
totals  are  below  those  of  the  Railway  Department,  for  the  reason 
already  given, 

1844-5,  £112,858 

1845  6,  406.007 

1846-7,  310,119 

These  figures  show  that  any  error  in  Mr.  Hackett's  figures  must 


be  on  the  safe  side ;  and  if  we  take  the  difference  for  the  year  1847-8 
at  300,000/.,  this  will  give  as  the  gross  yearly  traffic  for  the  year 
ending  30th  June  last,  9,700,000/.,  or  nearly  ten  millions  sterling. 
The  increase  of  passenger  receipts  in  each  year  is  as  follows  :— 

1844-5  £537,047 

1845-6  748,874 

1840-7  422,787 

The  increase  in  the  number  of  passengers  in  each  year  stands 
thus : — 

1844.5        £6,027,651 

1845-6  9.999,730 

1846-7  7,561,180 

The  gross  increase  of  revenue  in  each  year  stands  thus  :— 

1844-5         £1,135.040 

1845-6  1,355,855 

1846-7  945,317 

1847-8  1,200,000 

Mr.  Hackett  has  shown  (Herapath's  Journal,  3rd  series,  vol.  X., 
p.  33),  tliat  the  number  of  miles  of  railway  on  which  his  figures 
are  taken,  and  the  average  traffic  per  mile,  are  as  follows : — 

1842, 
1843, 
1844, 
1845, 
1816, 
1847, 
1847-8, 
(H.ilf-year.) 

The  last  line  has  been  made  up  from  other  data. 

The  capital  expended  on  railways  has  been  likewise  given  by 
Mr.  Hackett,  from  which  we  can  learn  the  amount  expended  in 
each  year. 

1842,  £52,380,100  whole  capital,  expended. 

1843,  57,635,100  „  £5,255,000 

1844,  63,489,100  „  6,844,000 

1845,  71,646,100  „  8,157,000 

1846,  83,165,100  „  12,519,000 

1847,  109,528,800  „  26,363,700 
The  total  amount  of  railway  expenditure  from  1842  to  the  end 

of  1847  was  57,548,700/. 

The  total  amount  of  railway  income  in  those  years  has  been — 


Miles. 

Miles  opened. 

Traffic  per  mile 

1532 

— 

£3,036 

1586 

59 

3,081 

1780 

194 

3,283 

2043 

263 

3,500 

2610 

593 

3,288 

3449 

839 

2,862 

3830 

381 

2,719 

1842, 

£4,341,781 

1843, 

4,827,655 

1844, 

5,584,982 

1845, 

6,649,224 

1846, 

7,664,874 

1847, 

8,949,681 

Add  from  Railway  Returns 

865,934 

Altogether,  £38,884,181 

Of  course  the  whole  of  this  income  cannot  be  treated  as  real 
capital,  no  more  can  the  whole  of 'he  expenditure;  but  it  is  a  signi- 
ficant fact,  that  while  the  whole  expenditure  has  been  57,548,700/., 
the  whole  income  has  been  38,884,181/.,  or  more  than  two-thirds 
of  that  amount.  This  is  deserving  the  attention  of  those  who 
direct  their  attention  towards  the  subject  of  railway  capital. 

It  may  be  noted  upon  the  decrease  in  the  mileage  receipts,  that 
it  is  to  be  accounted  for  from  the  greater  economy  in  working  ex- 
penses allowing  of  lower  fares,  and  from  the  progress  of  railway 
improvement  allowing  lines  to  be  more  cheaply  constructed.  It 
will  be  found  that  the  net  return  is  not  less  in  1847  than  in  1842. 

In  "  Irish  Wants  and  Practical  Remedies,"  by  Humphrey  Brown, 
Esq.,  M.  P.,  (p.  63),  is  given  a  table  of  the  estimated  passenger  and 
goods  traflic  of  several  English  lines,  as  given  before  the  House  of 
Commons.     This  I  have  extended  as  follows : — 

Length 
ID  Miles. 
163f 

79 

27i 

50 


Name. 
Midland, 

Lancashire  and  Yorkshire, 
York  and  North  Midland, 
London  and  Brighton, 


London  and  South  Ea.stern,  ..  67 

Great  North  of  England,  ..  45 
Great  Western,  and  Bristol  and  Exeter,  231 

Lancaster  and  Preston,  ..  20 

Glasgow  and  Ayr,  ..  18| 

Hull  and  Selby,           ..  ..  31 

London  and  Cambridge,  ..  57J 

Dundee  and  Arhroath,  ..  16J 

Sheffield  and  Manchester,  ..  44^ 


Passengers. 
550,985 
207,088 
185,660 
226,444 
317,252 

75,158 
821,145 
106,957 
597,470 

19,562 
591,344 
200,727 
335,444 


Altogether, 


85U      4,135,836 


Goods. 

Tons. 

151,845 

109,486 

5,547 

43,765 

63,079 

32,136 

209,563 

121,027 
93,873 
72,214 
51,899 
84,050 

1,038,504 
32 
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The  traffic  realised  on  the  above  lines  in  ISiS  was  as  follows  : — 


Name. 

PassengerB. 

Goods. 
'I'ois. 

MiiHand, 

1.809,145 

715.272 

Laiicasliire  and  Yorkshire, 

1,674,946 

507,S.',9 

York  ami  North  Midland, 

464,755 

351,022 

London  and  Brighton, 

788,386 

65.74  7 

Loudon  and  South  Eastern,    .. 

728,896 

87,119 

Great  North  of  England, 

196,722 

234. 19S 

Great  Western,  and  Bristol  and  Exeter,     .. 

1,993,088 

209.563 

Ijancaster  and  Preston, 

135,344 

26.099 

Glasgow  and  Avr, 

843,078 

168,376 

Hull  and  Selliy,' 

263.402 

227,869 

London  and  Camhridge* 

534,206 

44.572 

Dundee  and  Arbroath, 

269,187 

81,484 

Shetfield  and  Manuhester,* 

1,168,448 

32,000 

Altogether, 

*  Partially  opened. 

The  results  are  as  follows  : — 


10,868,503     2,751,180 


Estimated  traffic  on  851  miles, 
Realised  traffic,  1845, 


PnssengerB, 

4,135,836 

10,868,503 


Goods.  Tons. 
1,038,504 
2,751,180 


Excess  over  estimates,  ..  6,732,667  1,712,676 

Increase  per  cent.  ..  160  170 

In  Mr.  Brown's  book  on  a  length  of  702  mUes  the  same  increase 
of  per  centage  is  shown,  namely,  160  per  cent,  ou  passengers,  and 
170  on  goods. 

The  whole  traffic  in  1845  was  33,791,2534  passengers,  and  of 
goods,  &c.  11,600,000  tons.  Supposing  the  proportions  to  be  the 
same,  the  number  of  passengers  carried  in  1845  more  than  was 
provided  with  means  of  conveyance  before  the  existence  of  railways 
was  20,800,000,  and  the  number  of  tons  of  goods  conveyed  w.as 
7,200,000.  Thus  the  railways  not  only  accommodated  the  full 
number  of  passengers  for  whom  conveyances  already  existed,  but 
carried  the  above  enormous  number  in  addition,  besides  a  great 
quantity  of  goods.  It  will  be  found  that  this  calculation  is,  how- 
ever, far  from  representing  the  amount  of  accommodation  now 
aiforded. 

Taking  the  later  returns,  where  they  are  available,  we  shall  find 
the  increase  still  greater,  as  in  1846  for  instance: — 


Name. 
Midland, 

Manchester  and  Leeds, 
York  and  North  Midland,  and  Hull  and 
London  and  Brighton, 
London  and  South  Eastern, 
Great  North  of  England, 
Great  Western,  &c.  ., 

Lancaster  and  Preston, 
Glasgow  and  Ayr, 
London  and  Cambridge,    .. 
Dundee  and  Arbroath, 
Sheffield  and  Manchester, 


Passengers. 

2,468,110 

2,157,173 

Selby,    933,514 

971,081 
1,074,730 

239,587 
2,757,193 

162,012 
1,091,371 

922,413 

317,092 
1,604,227 


Goods. 
900 
522 
370 

93 
116 
433 
300 

25 
293 
110 

21 
135 


Tons. 
,895 
,177 
,414 
,407 
,385 
.867 

000 

585 

304 

348 

059 
,000 


3,530,441 


13,718,503 

In  1847  there  were  separate  returns  from  some  of  these  lines, 
as  the  following : — 

Name.  Passengers, 

Great  Western,  &c.  ..  ..  2,870,222 


Glasgow  and  Ayr, 
Lancaster  and  Preston, 
Dundee  and  Arbroath, 
Sheffield  and  Manchester, 
South  Eastern, 


992,096 
106,475 
360,194 

1,569,707 
1,477,892 


Goods.  Tons. 
371,326 
397,515 
22,054 
22,354 
218,740 
204,100 


The  increase  over  the  estimates  on  the  traffic  of  1846  is  still 
greater  than  on  1845. 

Passengers.  Goods.    Tons. 

Estimated  traffic,  ..  4,135,836  1,038,504 

Realised  traffic,  1846,  ..  13,718,503  3,530,441 

Excess  over  estimates. 
Increase  per  cent.. 

The  traffic  on  these  lines  stands  as  follows  : — 

Estimated 
Realised,  1845, 
1846, 


9,572,667 

2,492,937 

230 

'450 

follows : — 

Passengers. 

Goods.    Tons 

4,135,836 

1,038,504 

10,868,503 

2,751,180 

14,078,697 

3,530,441 

The  lines  for  which  there  are  separate  returns  in  1847  are  as 
follows : — 

Great  Western,  &c., 
Glasgow  and  Ayr, 
Lancaster  and  Preston, 
Dundee  and  .\rl)roath, 
Sheffield  and  Manchester, 
South  Eastern, 

297J  miles. 
The  traffic  stands  thus — 

Passengers,  Gondi.    Tons. 

Estimated               ..                  ..          2,378,995  529,618 

Realised  1845,       ..                   ..           5,138.041  604,641 

1846,  ..                  ..          7,006.625  891,333 

1847,  ..                  ..          7.382,586  1.236,081 

The  actual  increase  of  traffic  depends  upon  the  length  of  time 
given  for  its  development,  beginning  at  160  per  cent,  and  going  up 
to  230  per  cent.,  and  in  the  case  of  the  selected  raUways  even  more. 
Taking  the  increased  accommodation  to  passengers  atl  60  percent., 
this  would  give  the  following  as  the  increased  number  of  travellers 
provided  with  travelling  accommodation  in  each  year : — 

1844,  ..   17,400  000 

1845,  ..   20,800,000 

1846,  ..   27,000,000 

1847,  ..   30,000,000 

If  the  proportion  be  taken  at  200  per  cent.,  the  number  accom- 
modated by  railvvav  for  whom  no  accommodation  was  before  pro- 
vided, would  be  34,000,000. 

The  following  shows  the  proportion  of  traffic  on  railways  in  each 
year  for  which  accommodation  by  coach,  &c.  was  provided,  and  for 
which  no  accommodation  by  coach,  &c.  was  provided  :— 

Travellers  from  ^ew 

old  coaches,  &c.  Travellers. 

1844,  10,300,000  17,400,000 

1845,  12,900,000  20,800,000 

1846,  16,000,000  27,000,000 

1847,  21,000,0u0  30.000,000 
Reckoning  that  each  passenger  is  on  the  average  carried  20 

miles,  each  male  adult  in  this  country  will  be  carried  that  distance 
six  times  in  the  year, — an  extent  of  accommodation  which  must 
have  a  great  effect  on  trade  and  on  the  distribution  of  labour. 

It  appears  from  the  averages  given  in  the  returns  of  tlie  Railway 
Department,  that  there  has  been  a  still  further  reduction  in  fares 
on  most  of  the  lines,  and  an  increase  in  the  average  speed  per  niUe. 

The  total  increase  on  each  class  of  passengers  is  as  follows : — 


1845. 

1846. 

1847. 

1st  class. 

599,831 

686,191 

412,460 

2nd  class, 

2,190,139 

2,615,240 

1,768,223 

3rd  class. 

5,552,735 

5,471,707 

4,344,376 

Altogether, 

6,028,651 

9,999,730 

7,561,180 

It  is  to  be  observed  that  these  figures  cannot  be  absolutely  relied 
on,  as  the  proportions  of  each  class  cannot  be  fully  shown,  on 
account  of  tlie  confused  state  of  the  returns  published  by  the  Rail- 
way Department. 

The  total  increase  on  each  class  of  passengers  between  1844  and 
1847  has  been  as  follows  : — 


1st  class, 
2nd  class, 
3rd  class. 
Altogether, 
This  is  probably  more  than  the 

1825,  and  it  shows  at  any  rate  that 

in  the  accommodation  given  to  tlie 
The  number  of  first,  second,  and 

on  the  leading  lines  was  : — 
Name. 

London  and  North  Western,    1, 

South  Eastern, 

Midland, 

London  and  Blackwall, 

Lancashire  and  Yorkshire, 

Great  Western, 

London  and  Brighton, 

Dublin  and  Kingstown, 

Eastern  Counties, 

South  Western, 

Manchester  and  Sheffield, 

York  and  Newcastle,    . . 

York  and  North  Midland, 

Newcastle  and  Berwick, 

Edinburgh  and  Glasgow, 


1,697,382 

6,463,602 

14,267,718 

23,588,561 

whole  traffic  of  the  country  in 
there  has  been  a  great  increase 
working  classes. 
third  class  passengers  in  1847 


1st. 

2nd. 

3rd. 

Total. 

112,970 

3,323,330 

2,163,285 

5,599,730 

657,380 

1,493,142 

2,008,230 

4,420.759 

445,260 

1,260,312 

2,571,836 

4,277,419 

858,201 
216,791 

2,279,166 
581,790 

3,137,767 

2,689,206 

2,090,624 

459,734 

1,996,824 

419,663 

2,876,222 

425,948 

699,898 

1,489,985 

2,615,832 

154,889 

1,269,092 

814,969 

2,238,950 

287,526 

741,486 

1,044,168 

2.074,170 

399,776 

1,095,050 

472,482 

1,967,308 

82,201 

151,606 

1,335,900 

1,569,707 

152,083 

753,927 

643,203 

1,553,213 

163,837 

309,782 

731,207 

1,204,826 

67,734 

174,890 

944,891 

1,187,515 

105,373 

206,485 

836,025 

1,147,883 

1818.  J 
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On  the  London  and  North  Western,  Great  Western,  South 
Western,  and  York  and  Newcastle,  the  proportion  of  third-class 
passengers  is  much  below  the  regular  proportion. 

The  largest  receipts  from  passengers  in  1847  are- 
London  and  North  Western,    £l,I73,T98 
Great  Western,  ..  074,241 

Mi(Jku<i,  ..  507,120 

South  Eastera.  . .  335,704 

Brigliton,  ..  314,493 

Easlcrn  Counties,         ..  296,393 

South  Western,  ..  266  273 

Lancashire  and  Yorkshire,  184,769 

York  and  North  Midland,  165  434 

York  anri  Newcastle,  147,252 

Edinburgh  and  Glasgow,  1 12,582 

The  largest  amounts  received  for  first-class  passengers  are — 

London  and  North  Western,        £513.795 

Great  Western,  ..  232  854 

Midland,  ..  178,424 

Biighlon,  ..'  124,220 

South  Eastern,  ..  117,659 

South  Western,  ..  97,689 

Eastern  Counties,  . .  93,304 

The  largest  amounts  received  from  third-class  passengers  are — 


London  and  North  Western 

Midland, 

Lancashire  and  Yorkshire 

South  Eastern, 

Great  Western, 

Eastern  Counties, 

York  and  North  Midland, 

No.  IL- 


£209,890 
153,354 
90,286 
85,403 
77,129 
74,234 
65,507 

CATTLE  TRAFFIC. 


The  last  parliamentary  returns  are  still  more  defective  than 
their  predecessors,  so  that  it  is  necessary  to  estimate  some  of  the 
numhers. 

The  following  shows  the  number  of  cattle  carried  in  the  year 
ending  1st  July,  1846  : — 
Name. 

Ardrossan, 

Chester  and  Birkenhead, 

Dublin  and  Drogheda, 

Dundee  and  Arbroath    .. 

Eastern  Counties :  Cambridge, 
,,  Colchester, 

Glasgow  and  Greenock, 

Glasgow  and  Ayr, 

Great  North  of  England, 

Great  Western, 

London  and  Birmiogham 

Grand  Junction, 

London  and  Brighton, 

London  and  South  Western, 

Manchester  and  Leeds, 

Maryport  and  Carlisle, 

Midland, 

{Eslimateil), 

Birmingham  and  Bristol, 

Newcastle  and  Carlisle, 

Newcastle  and  Darlington, 

Newcastle  and  North  Shields, 

North  Union 

Norfolk 

Presion  and  Wyre,     . . 

Manchester  and  Sheffield, 

South  Eastern, 

Stockton  and  Darlington, 

Stockton  and  Hartlepool, 

Ulster, 

"Whitehaven, 

York  and  North  Midland, 

Hull  and  Selby, 

Total         ..  360,314       1,209,447      813,907 

As  the  returns  are  incomplete,  this  does  not  show  the  whole 
number  of  cattle,  which  will  be  as  follows  : — 


Cattle. 

Sheep. 

Swine. 

467 

3,820 

306 

7,508 

5,401 

740 

429 

1,186 

3,630 

351 

58 

80 

36,238 

106,055 

2,613 

17,134 

89,211 

11,190 

640 

1,492 



2,136 

6,567 

1,424 

27,625 

32,460 

5,305 

20,389 

105,800 

53,702 

55,017 

232,068 

120,401 

41,595 

45,742 

337,620 

1,079 

16,785 

962 

6,390 

62,454 

5,412 

10,448 

60,029 

40,340 

239 

575 

009 

22,000 

15,000 

129,000 

2,641 

5,274 

26  044 

11,009 

49.203 

8,291 

16,521 

30,505 

3,276 

2,874 

30,894 

599 

6,996 

25,079 

7,796 

24,432 

21,509 

627 

9S3 

3,720 

13,899 

416 

30,030 

6,240 

3,892 

48,344 

6,224 

1,316 

2,649 

390 

302 

860 

420 

999 

878 

27,388 

15 

19 

37,657 

62,249 

4,944 

2,662 

49,734 

1,311 

Cattle, 
Sheep, 
Swine, 


370,000 

1,2.' 0,000 

850,000 


The  number  of  calves  carried  in  1846  was  as  follows  :- 
Chester  and  Birkenhead,         6,288 
Maryport  and  Carlisle,  1,372 

North  Union,  106 

In  other  returns  they  are  not  distinguished. 
The  amount  of  revenu      ■     ■      -    -  -  - 

as  follows  : — 


Ardrossan, 

Chester  and  Birkenhead, 
Dublin  and  Drogheda, 
Dundee  and  Arbroath, 
Eastern  Counties  :  Cambridge 
,,  Colchester, 

Glasgow  and  Greenock, 
Glasgow  and  Ayr, 
Great  North  of  England, 
Great  Western, 
Loudon  and  Birmingham, 
Grand  Junction, 
Manchester  and  Birmingham 
London  and  Brighton, 
London  and  South  Western, 
Manchester  and  Leeds, 
Maryport  and  Carlisle, 
Midland, 

Birmingham  and  Bristol, 
Newcastle  and  Carlisle, 
Newcastle  and  Darlington, 
Newcastle  and  North  Shields, 
North  Union, 
Norfolk, 

Preston  and  Wyre, 
Manchester  and  Sheffield, 
South  Eastern 
Stockton  and  Darlington, 
Stockton  and  Hartlepool, 
Ulster, 

York  and  North  Midland, 
Hull  and  Selby, 


jrived  fr 

om  cattle 

traffic  was  in  1846 

Cattle,  ^ 

Sheep,  £ 

Swine  Jl 

Total  £ 

30 

20 

6 

56 

237 

45 

12 

294 

95 

57 

180 

332 

28 

1 

1 

30 

9,864 

3,693 

178 

13735 

2,997 

2,454 

239 

5,090 

9S 

24 

122 

213 

135 

14 

3()2 

4  .091 

7,106 

7,460 

2,805 

17,531 

11,715 

8,817 

6,161 

26,693 

9,126 

4,000 

22,365 

35,491 

636 

302 

584 

100 

986 

1,251 

2,0H3 

479 

3,813 

750 

1,159 

1,030 

3,739 

20 

10 

10 

41 

8,960 

352 

151 

906 

1,429 

1,158 

1,101 

230 

2,489 



2,339 

107 

193 

7 

307 



20,919 

3,072 

458 

16 

3,550 

74 

20 

86 

ISO 





1,420 

3,079 

87 

32 

4 

123 

16 

8 

4 

28 

131 

21 

448 

OuO 

2,300 

1,708 

240 

4,308 

793 

1,491 

32 

2,226 

Total 


£167,201 


On  account  of  the  very  imperfect  state  of  the  returns,  it  is  im- 
possible to  give  the  proportion  paid  in  1846  under  each  head  of 
cattle  traffic.     In  1845  the  proportions  were — 

Cattle,         £30,000 
Sheep,  26,000 

Swine,  30,000 

The  proportion  for  cattle  must  now  be  larger,  and  that  for  swine 
smaller. 

In  1847  the  number  of  cattle  carried  by  each  company  was  as 
follows : — 


Total,  2,470,000 

This  shows  an  increase  of  25  per  cent,  over  the  number  of 
animals  carried  in  1845. 


Name. 

Cattle. 

Sheep. 

Swine. 

Ardrossan, 

820 

332 

760 

Chester  and  Birkenhead, 

1,688 

6,682 

1,005 

Dublin  and  Drogheda, 

C80 

1,794 

4,338 

Dundee  and  Arbroath, 

326 

32 

G 

Eastern  Counties :  Cambridge, 

14,792 

252,680 

10,480 

„                   Colchester, 

20,722 

107,693 

26,076 

Eastern  Union, 

6,681 

19,151 

2,420 

Ipswich  and  Bury, 

1,408 

4,848 

749 

East  Lancashire, 

287 

1,290 

40 

Eurness 

3 

42 

Glasgow  and  Greenock 

698 

497 

Glasgow  and  Ayr, 

1,759 

5,137 

332 

Great  Southern  and  Western, 

5,053 

14,830 

15,846 

Great  Western, 

28,231 

201,833 

14,360 

Kendal  and  Windermere, 

108 

1,814 

73 

Lancashire  and  Yorkshire,  (M.&L.)22,449 

75,011 

20,733 

London  and  North  Western, 

161,171 

399,998 

150,674 

London  and  Brighton, 

2,617 

28,858 

3,018 

Londonderry  and  Enniskillen, 

28 

108 

47 

London  and  South  Western, 

13,565 

75,305 

3,462 

Maucliester  and  Sheffield,* 

6,000 

5,000 

10,000 

Jlaryport  and  Carlisle, 

924 

615 

2,282 

Midland,* 

30,000 

150,000 

30,000 

Bristol  and  Birmingham, 

3,526 

12,771 

10,684 

Middlesborough  and  Redcar, 

251 

525 

7 

Newcastle  and  Carlisle, 

14,599 

66,028 

9,759 

Newcastle  and  Berwick, 

1,908 

32,224 

597 

North  Union, 

6,998 

31,185 

7,411 

Norfolk, 

38,888 

85,349 

8,634 

Presion  and  Wyre,     .. 

2,246 

3,788 

6,169 

South  Eastern, 

7,096 

47,107 

2,537 

Stockton  and  Darlington, 

1,878, 

2,121 

258 

Estimated  amount. 


32* 


24  1 
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Shrewsbury  and  Chester, 

3S0 

1,269 

56 

South  Devon, 

'i.-!.-i 

109 

C 

Stockton  and  Hartlepool 

0'.I8 

2,307 

.'J92 

Ulster, 

1,27  3 

3,3)3 

13,31)0 

Whitehaven, 

St 

H.5 

York  and  Newcastle, 

41,399 

88,287 

9,142 

York  and  North  Midland, 

41,931 

84,65C 

7,014 

Total  ..  483,291       1,995,354       372,987 

The  whole  number  of  cattle  in  1847  will  therefore  be  as  follows, 
allowing  for  the  incompleteness  of  the  returns : — 

Cattle,  500,000 
Sheep,  2,000,000 
Swine,         390,000 


Total,  2,890,000 

Making:  nearly  three  million  Lead  of  stock.     The  falling-off  in 
swine  arose  from  the  Irish  famine. 
The  number  of  calves  carried  in  1847  was  as  follows  : — 


Chester  and  Bir 

ienhead, 

.. 

6,534 

London  and  Soc 

th  Western 

9,222 

Maryport  and  Carlisle, 

, , 

65 

South  Eastern, 

, , 

1,002 

South  Devon, 

217 

The  amount  of  revenue  derived  from  cattle  traffic  was  in  1847 

as  follows : — 

Name. 

Cattle. 

Sheep. 

Swine. 

Total. 

Ardrossan,             ..              £ 

fl 

£         1 

£            2 

£            9 

Chester  and  Birkenhead, 

257 

54 

20 

331 

Dublin  and  Drogheda, 

132 

65 

123 

317 

Dundee  and  Arbroath, 

28 

29 

Eastern  Counties,  Cambridge, 

I5,H2 

9,656 

296 

25,061 

Colchester, 

2,949 

2,710 

434 

6,093 

Eastirn  Union,     .. 

444 

158 

30 

632 

Ipswich  and  Bury 

102 

40 

15 

163 

East  Lancashire, 

11 

13 

1 

25 

Glasgow  and  Greenock 

92 

21 

113 

(Jlasgow  and  Ayr, 

223 

128 

22 

373 

Great  Southern  and  Western, 

764 

584 

455 

1,S03 

Great  Western,     .. 

7,804 

9,021 

776 

17,001 

Kendal  and  Windermere, 

1 

5 

6 

Lancaster  and  Carlisle, 

595 

875 

1,470 

Lancashire  and  Yorkshire, 

2,192 

1,276 

844 

6,312 

London  and  North  Western, 

25,435 

16,622 

17,223 

59,280 

London  and  Brighton, 

057 

880 

200 

1,737 

London  and  South  Western, 

1,808 

2,204 

13S 

4,150 

Londonderry  and  Enniskillen, 

3 

2 

1 

6 

Manchesler  and  Sheffield, 

3,030 

Maryport  and  Carlisle, 

71 

10 

25 

106 

Midland, 

10,270 

Bristol  and  Birmingham, 

437 

380 

390 

1,243 

Middlesborough  and  Redcar 

9 

3 

12 

Newcastle  and  Carlisle, 

1,323 

1,306 

273 

2,902 

Newcastle  and  Berwick, 

71 

204 

9 

284 

North  Union, 

15,531 

Norfolk, 

6,598 

North  British,     .. 

757 

Preston  and  Wyre, 

170 

38 

42 

250 

South  Eastern,    . . 

3,334 

Stockton  and  Darlington, 

129 

31 

3 

163 

Shrewsbury  and  Chester, 

19 

20 

1 

40 

South  Devon,     .. 

11 

2 

13 

Stockton  and  Hartlepool, 

31 

25 

6 

02 

Ulster, 

172 

92 

237 

501 

Whitehaven, 

2 

2 

York  and  Newcastle, 

.4,255 

3,925 

286 

8,466 

York  and  North  Midland, 

2,320 

2,068 

1,068 

5,456 

Total  ..  £183,400 

The  total  receipts  for  cattle  traffic  in  each  year  were  as  follows  : 

1845,         £103,000 
1840,  167,200 

1847,  183,400 

The  great  advance  in  cattle  traffic  was  made  in  1846  ;  but  the 
progress  was  not  so  great  in  1847,  as  there  was  a  positive  falling-off 
in  the  number  of  swine  carried.  The  greatest  increase  is  in  the 
conveyance  of  fat  stock  and  sheep. 

The  following  are  the  proportions  of  cattle  carried  in  each 
year : — 

Cattle.  Sheep.                      Swine. 

1845,  236,000  1,200,000  550,000 

1846,  370,000  1,250,000  850,000 

1847,  500,000  2,000,000  390,000 


The   cattle   carried   to 
reckoned  as  follows  : — 


the   London   market   in   1847,  may  be 


Cattle. 

Sheep. 

Swine. 

London  and  North  Western, 

65,000 

200,000 

55.000 

Great  M'estern, 

2U,0l)O 

150.000 

lO.OUO 

South  Western, 

13,000 

75.00J 

3,U0U 

South  Eastern, 

7,1100 

40,000 

2  500 

Eastern  Counties  :  Cambridge, 

10,000 

200,000 

lo.uoo 

„                Colchester, 

15,000 

75,000 

20  000 

Brighton, 

2,500 

25,000 

3,000 

Total,  132,500        705,000       lOS.OnO 

The  number  of  cattle  sold  in  Sniithfield  in  1846  was  213,525,  and 
of  sheep  1.527,221),  so  that  the  railways  must  have  engrossed  a 
considerable  part  of  tlie  cattle  traffic.  For  the  conveyance  of 
cattle  to  the  London  market  the  railway  companies  receive  at  least 
£75,000. 

Great  reductions  have  been  made  in  the  charges  for  the  convey- 
ance of  cattle  since  1815.     The  charges  are  as  follows  : — 


London  and  North  Western, 

Eastern  Counties:  Cambridge, 

)» 
Eastern  Counties:  Colchester, 

Great  Western, 

1' 
York  and  North  Midland, 

Lancashire  and  Yorkshire, 

London  and  South  Western, 


No  reduction  has  taken  place  on  the  York  and  North  Midland 
Railway,  because  the  rates  were  already  low. 

The  largest  cattle  traffics  in  1846  were  as  follow: — 


Cat 

tie.               S 

heep. 

Swine 

d. 

d. 

d. 

1845, 

1  020 

•160 

•160 

1847, 

■626 

•135 

•145 

1845, 

•980 

•200 

•400 

1847, 

•943 

•143 

•107 

1845, 

•980 

•200 

•400 

1847, 

•890 

•163 

•173 

1845, 

1-530 

•J  50 

•188 

1847, 

■819 

•156 

•188 

1845, 

•500 

•200 

•50J 

1847, 

•500 

•200 

•500 

1845, 

•870 

•250 

•250 

1847, 

•700 

•177 

•373 

1845, 

1  750 

•200 

•500 

1847, 

1-460 

•160 

•190 

London  and  North  Western, 
Eastern  Counties  :  Norfolk  and  \ 
Eastern  Union,         .,  \ 

Great  Western, 
York  and  North  Rlidland,  and  \ 


Hull  and  Selby 
Great  North  of  England, 
Lancashire  and  "V'orkshire, 
South  Western, 
North  Union, 
Newcastle  and  Carlisle 
South  Eastern, 
Newcastle  and  Darlington, 
Manchester  and  Sheffield, 


J 


Cattle. 
96,612 

77,804 

20,389 

40,319 

27,025 

10,448 

6.390 

5,990 

11,009 

3,892 

16,521 

416 


Sheep. 
277,800 

216.775 

165,860 

109,992 

32,466 
66,029 
62,454 
25,679 
49,263 
48,344 
36,505 
30,030 


Swine. 
358,087 
14  430 
53,702 
5,225 

3  300 
40,340 
5,412 
7,790 
8291 
5,224 
3,376 
6,240 


The  gross  amounts  received  in  1846  for  cattle  traffic  range  as 
follows : — 

London  and  North  Western,  £62,820 

Eastern  Counties,  &c.,  28,971 

North  Union                  ,,  20  919 

Great  Western,            ..  17,531 

Midland,                      ..  8,960 

York  and  North  Midland,  &c.  0,534 

Great  North  of  England,  4,591 

London  and  South  Western,  3,813 

Lancashire  and  Yorkshire,  3,739 

South  Eastern,             ..  3,079 

The  largest  cattle  traffics  in  1847  were  as  follows  : 

Cattle.  Sheep. 

London  and  North  Western,                101,171  399,998 

Eastern  Counties,              ..                   82,491  463,721 

Great  Western,                   ..                   28,231  201,901 

York  and  North  Midland                       41,931  84,656 

York  and  Newcastle,       ..                       41,399  88,287 

Lancashire  and  Yorkshire  (M  &  L)        22,449  75,011 

South  Western,                 ..                      13,565  75,305 

Newcastle  and  Carlisle  ..                      14,699  66,628 

North  Union,                    ..                       5,996  25,679 

South  Eastern,                  .,                       3,592  48,344 

London  and  Brighton,      ..                       2,617  28,858 

Newcastle  and  Berwick,                          1,908  32,224 


Swine. 
1.50,674 

48,359 

14,300 
7,014 
9,142 

20,733 
3,402 
9,759 
7,796 
5,224 
3,018 
697 


The  following  wiU  show  the  progress  of  the  cattle  traffic  of  the 
principal  companies  ; 

Cattle,  Sheep.  Swine. 

61,466  229,245  315,989 

96,612  277,800  358,087 

161,171  399,998  160^674 


London  and  North  Western, 

184S, 

1846, 

1847, 


1848."! 


THE  CIVIL  ENGINEER  ANB  ARCHITECT'S  JOURNAL. 


SiS 


Eastern  Counties, 
1843, 
1846, 
1H47, 
Great  Western, 
1845, 
1846, 
1847, 


Cattle. 
20,661 
77,804 
82,491 

Cattle. 
14.058 
20,389 
28,231 


York  and  North  Midland,  Cattle. 

1845,  15,364 

1846,  40,319 

1847,  41,931 
York  and  Newcastle,  Cattle. 

1845,  19,685 

1846,  44,146 

1847,  41,399 
Lancashire  and  Yorkshire,  Cattle 

1845,  9,686 

1846,  10,448 

1847,  22,449 
South  Western,  Cattle. 

1845,  2,763 

1846,  6,390 

1847,  13,565 
Newcastle  and  Carlisle,  Cattle. 

1845,  3.782 

1846,  11,009 

1847,  14,599 


Sheep. 

125,504 

216,775 

469,721 

Sht-ep. 

172,264 

165,860 

201,901 

Sliet'p. 

88,143 

109,992 

84,656 

Sheep. 

20  000 

68,971 

88,287 

Shfep. 

149,022 

66,029 

75  011 

Sheep. 

53,441 

62,454 

75,365 

Sheep. 

37,525 

49,263 

66,628 


Swine. 

4,228 

14,430 

48.359 

Swiue. 

52,443 

63,702 

14,360 

Swine. 

31.708 

5,255 

7,014 

Sv\ine. 

5,000 

5,531 

9.142 

Svvioe. 

27,485 

40,346 

20,733 

Swine. 

3.089 

5,412 

3,462 

Swine. 

5,116 

8,291 

9,759 


The  Belgian  cattle  traffic  from  the  returns  was  as  follows  :— 

Cattle.  Sheep  &  Swine, 

1843,  8  609         33,562 

1844,  12,691         39,056 

1845,  7.597         29,704 

Taking  the  saving  by  conveyance  of  cattle  on  railways  at  10  lb. 
per  quarter,  2  lb.  for  sheej),  and  5  lb.  for  swine  ;  ur  -Hi  lb.  per  beast, 
8  lb.  for  sheep,  and  20  lb.  for  swine,  the  gross  saving  in  1846  will 
be — 

On      370,000  cattle,        14,800,000  1b. 
1,250,000  sheep,  10,000  000 

850,000  swiue,         17,000,000 


Total,  41,800,000  lb. 

The  gross  saving  of  animal  food  on  the  cattle  conveyed  by  rail- 
way in  1847  was  as  follows  : — 

On      500,000  cattle,         20,000,000  lb. 
2,000,000  sheep,         16,000,000 
390,000  swine,  7,800,000 


Total,  43,800,0001b. 

In  the  late  report  on  Sniithfield  market,  some  evidence  is  given 
bearing  on  the  question  of  the  conveyance  of  cattle  by  railway  : — 

Mr.  R.  Healy  said  that  there  is  a  much  greater  quantity  of  dead 
meat  brought  to  the  London  markets  in  consequence  of  railway 
communication.  By  means  of  the  railways,  great  quantities  of 
hind-quarters  of  mutton  are  sent  up  from  the  country,  as  the 
butchers  there  kill  large  quantities  of  sheep  and  sell  the  fore- 
quarters  at  home  amongst  the  population  there,  and  send  the  hind 
.quarters  by  railway  to  London. 

Mr.  Langham,  a  butcher,  said  that  country-killed  meat  is  better 
than  town-killed  meat,  and  that  it  comes  in  excellent  condition 
from  Scotland.  It  is  the  general  opinion  of  butchers  that  this  is 
the  case. 

Mr.  Hicks,  the  salesman,  said  that  he  has  a  very  large  quantity 
of  meat  sent  up  from  the  country  by  railway,  and  that  it  is  not 
damaged  by  the  journey  even  in  hot  weather.  He  has  used  the 
electric  telegraph  to  obtain  a  supply  of  meat  from  the  country.  A 
communication  was  sent  the  same  night  by  the  country  grazier 
that  he  would  send  up  600  or  700  stone  of  meat  by  the  next  morn- 
ing's train.  At  1  o'clock  in  the  morning  it  started  from  Ipswich, 
and  before  5  o'clock  it  was  in  his  premises  in  Newgate  market 
on  sale,  having  been  alive  the  day  before.  Mr.  Hicks  has  some- 
times 300  carcases  on  a  Monday. 

Mr.  Langham  likewise  stated,  that  since  the  railways  have  been 
opened  a  country  trade  in  meat  has  been  growing  up.  Beasts 
have  been  sent  from  Smithfield  to  Liverpool,  and  he  has  seen 
immense  quantities  of  meat  going  down  to  Birmingham.  The  south 
country  also  is  supplied  from  the  London  market  with  beef- 
Brighton  in  particular.  The  Brighton  butchers  are  frequently 
seen  in  Smithfield  purchasing  cattle,  which  they  take  down  with 
them  the  same  day.  Sometimes  as  many  as  300  or  400  beasts  have 
gone  down  by  the  Birmingham  railway  on  a  Monday. 

These  facts  will  show  the  nature  of  cattle  traffic  on  railways. 


THE  "  WESTMINSTER  REVIEW,"  No.   XCVII. : 

THE    NEW    HOUSES    OF    PARLIAMENT. 

Although  political  topics  and  subjects  of  a  grave  utilitarian  east 
form  the  staple  of  this  periodical,  with  only  occasionally  an  article 
of  a  lighter  cast,  the  '■'■Westminster"  has  in  its  time,  and  espe- 
cially under  its  present  editor,  contributed  more  largely  to  archi- 
tectural information  and  criticism  than  either  of  its  rivals.  In 
fact,  the  "  Edinburgh"  has  scarcely  once,  during  tlie  whole  of  its 
long  career,  touched  upon  aught  connected  with  architecture. 
One  prevalent  fault  in  Review  articles  of  the  kind,  is  the  dull  and 
impertinent  prosing  with  which  they  are  eked  out,  in  order  to  fill 
up  a  printed  sheet,  or  as  much  more  as  may  be  the  space  allowed, 
although  all  that  the  writer  has  to  communicate  would  perhaps 
occupy  not  more  than  a  couple  of  pages.  In  the  present  instance, 
we  have  no  such  complaint  to  make  :  the  writer  comes  at  once  to 
the  point,  and  criticises  in  succession  (besides  the  New  Houses  of 
Parliament)  the  New  Treasury  Buildings,  Buckingham  Palace  as 
altered  by  Mr.  Blore,  the  British  Museum,  and  the  Royal  Ex- 
change;  anfl  his  remarks  are  upon  the  whole  so  good,  as  far  as 
they  go,  although  we  do  not  subscribe  our  own  opinion  to  every 
one  of  them,  that  we  wish  he  had  entered  more  into  particulars 
with  regard  to  the  three  last-mentioned  structures.  How  they 
and  the  "  Houses"  themselves  are  spoken  of,  except  as  regards 
ability  on  the  part  of  the  writer,  we  have  not  yet  said.  With 
respect  to  the  Palace,  indeed,  it  may  be  taken  for  granted  that  his 
opinion  is  anything  but  favourable,  that  unhappy  building  being 
abandoned  to  universal  derision;  but  the  writer  is  severe  upon 
the  others  also — and  not  least  of  all,  or  rather  more  especially 
so,  upon  the  Houses  of  Parliament,  which  proves  that  he  does  not 
take  his  cue  from  the  vulgar  flatteries  of  the  public  press,  heaped 
upon  Mr.  Barry  and  his  "  great  work."  In  short,  he  expresses 
himself  exceedingly  dissatisfied  with  that  edifice  ;  nor  is  he  by 
many  the  only  one  who  is  so,  for  even  among  our  own  acquaintance — 
those,  too,  whose  judgment  in  matters  of  architecture  is  entitled 
to  some  deference — we  have  heard  opinions  equally  strong  in  dis- 
favour of  it.  One  serious  complaint  alleged  against  it  is,  that 
however  well  the  florid  and  exuberant  embellishment  bestowed  on 
the  river-front  may  shine  or  sound  in  descri])tion,  or  show  itself 
in  an  elevation  drawing,  it  is  all  but  entirely  lost  in  the  building 
itself; — that  there  is  abundant  sculptural  decoration  of  some  sort 
or  other  may  be  seen,  but  it  cannot  be  at  all  made  out.  The  de- 
coration is,  besides,  not  only  too  minute,  considering  the  vast 
extent  of  the  river-front,  and  the  distance  of  the  nearest  accessi- 
ble point  from  which  it  can  be  seen  by  the  public,  but  is  also  so 
profuse,  as  quite  to  destroy  "  repose."  ^Vbile  this  is  to  be  re- 
gretted for  artistic  reasons,  it  is  also  to  be  condemned  for  financial 
ones ;  an  immense  expenditure  having  being  incurred  for  mere 
ornament,  to  scarcely  any  purpose  at  all.  Surely  tlie  water-side  of 
the  building  might  very  pro|)erly  have  been  made  some  degrees 
less  ornate  than  the  other  fronts,  and  still  have  been  sufficiently 
finished-up,  and  sufficiently  dignified  and  imposing, — nay,  even 
more  efl^ective  in  its  ensemble  than  it  now  is.  Hitherto,  stingy  par- 
simoniousness  has  been  allowed  to  betray  itself  more  or  less  in 
nearly  all  our  public  buildings,  where  the  effect  of  what  is  perhaps 
a  handsome  facade  in  itself  is  sadly  marred  by  the  meanness  of 
plain  brick  walls,  shabby  chimneys,  and  other  eye-sores  that  come 
into  sight  in  every  angular  view  of  the  building, — as  is  most 
ofi^ensively  the  case  in  the  new  fayade  of  the  Britisli  Museum, 
notwithstanding  that  it  is  decked-out  in  Ionic  pomp,  or  what  is 
meant  for  such.  In  the  Houses  of  Parliament,  the  architect  has 
fallen  into  the  contrary  extreme  of  error ;  and  anxious  to  avoid 
the  reproach  of  parsimoniousness,  has  incurred  that  of  extrava- 
gance. 

Besides  wasteful  excess  of  decoration,  the  writer  in  the  "  West- 
minster" urges  against  the  "Houses"  what  he  considers  two 
capital  and  now  irremediable  defects  ;  one  of  them  being  the  want 
of  greater  loftiness  in  the  river-front,  more  especially  .as  the 
situation  itself  is  very  low ;  the  other,  the  position  of  the  Victoria 
Tower.  No  doubt,  when  all  the  towers  in  the  rear  of  the  river- 
front shall  come  to  be  completed,  and  the  sheds,  coffer-dam  and 
other  obstructions  are  cleared  away,  some  expression  of  loftiness,  as 
well  as  variety  of  outline,  will  be  imparted  to  the  general  ensemble  ; 
but  then  that  will  again  be  counteracted  by  the  much  greater 
loftiness  and  bulk  of  the  Victoria  Tower.  If  exigences  of  plan 
required  that  the  royal  entrance  should  be  just  at  the  south-west 
corner  of  the  pile,— if  it  was  impossible  to  bring  in  that  entrance 
as  the  central  feature  of  the  west  side— or  perhaps  the  east  one, 
by  forming  a  commodious  carriage  approach  to  it  along  the  terrace 
—there  was  at  all  events  no  imperious  necessity  for  carrying  up 
such  an  enormous  tower  over  it  as  is  now  intended  to  be  done. 
It  is  true,  in  many  mediaeval  edifices  which  have  grown  up  by 
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degrees,  and  consist  of  parts  added  to  the  orijrinal  plan  at  long 
intervals  of  time,  very  great  incongruities  and  discordant  con- 
trasts may  I'e  found,  and  may  he  pleaded  by  some  as  sufficient 
precednit.  But  the  "Houses"  will  have  been  erected  from  one 
comprehensive  original  plan,  laid  down  by  the  architect  from  the 
very  outset ;  and  so  far  from  aiming  at  variety  and  contrasts  in  his 
elevations,  Mr.  Barry  has  most  studiously  attended  to  perfect 
regularity  of  composition  and  uniformity  of  features, — at  least, 
such  is  the  case  with  regard  to  the  river-front,  which,  although  a 
secondary  one  in  regard  to  its  situation,  will  hardly  be  secondary 
in  regard  to  display.  Nevertheless,  so  lofty  a  structure  raised  at 
one  corner  of  the  general  mass  as  the  Victoria  Tower  will  be, 
must  inevitably  show  itself  as  a  striking  irregularity,^an  archi- 
tectural excrescence,  and  apparently  an  after-thought — at  least 
to  those  who  may  not  happen  to  know  that  it  was  so  planned  from 
the  very  first. 

■\Vith  regard  to  the  river-front,  the  question  now  is  :  How  can  it 
be  rendered  accessible  to  the  public,  so  that  its  elaborate  ornamen- 
tation can  be  fairly  seen  and  enjoyed  }  At  no  very  great  distance  of 
time,  perhaps,  and  on  ing  to  the  very  insecure  condition  in  which  it 
now  is,  AVestminster  Bridge  will  be  taken  down,  and  either  consi- 
derably lowered  or  rebuilt  further  off  from  the  Houses  of  Parlia- 
ment ;  in  which  case.  Bridge-street  will  be  converted  into  a  cul-de- 
sac,  similarly  to  the  streets  which  run  from  the  south-side  of  the 
Strand  down  to  the  river;  consequently,  the  "Houses"  will  no 
longer  be  looked  down  upon  from  the  bridge— but  then  how  is  their 
river-front  to  be  looked  at  at  all,  except  from  a  boat  on  the  river 
itself .''  The  only  way  of  enabling  the  public  to  contemplate  that 
facade,  will  be  to  form  a  second  terrace  or  quay  for  foot  passengers, 
advanced  about  fifty  feet  into  the  river,  and  perhaps  about  a  couple 
of  feet  lower  than  the  terrace  between  the  advanced  extremities  of 
the  building  itself.  Unless  something  of  that  kind  were  to  be  done, 
quite  as  much  would  be  lost  as  gained  by  the  removal  of  the  present 
bridge  ;  to  say  nothing  of  the  great  inconvenience  attending  the 
disturbing  such  a  long-established  line  of  communication  and 
traffic. 

That  we  agree  with  the  Westminster  "  in  much  or  most  of  what 
it  savs,  both  in  regard  to  the  Houses  of  Parliament  and  the  other 
structures  which  it  notices,  we  freely  admit.  And  it  is  pleasant  to 
us  to  find  opinions  that  are  upon  the  whole  in  accordance  with  our 
own  entertained  by  others.  Speaking  of  Buckingham  Palace,  the 
'■'■Westminster"  observes  that  the  Marble  Arch  "might  have  been 
advantageously  incorporated  with  the  design  by  an  artist  of  re- 
source and  genius ;"  and  again,  of  the  British  Museum,  that  the 
central  portico  or  octastyle  ought  to  have  been  loftier  than  the 
other  colonnades,  both  which  ideas  have  been  brought  forward  in 
sketches  in  this  very  Journal.  Although  we  should  not  have  been 
displeased  at  his  noticing  that  circumstance,  supposing  him  to  have 
been  aware  of  it,  we  do  not  accuse  the  writer  of  making  use  of  "  our 
thunder  ;"  on  the  contrary,  we  are  right  glad  to  meet  with  the 
coincidence  of  opinion,  and  to  find  that  we  are  not  altogethe  soli- 
tary in  our  own.  Here  we  will  conclude,  by  earnestly  recommend- 
ing a  perusal  of  the  article  in  the  "  Westminster"  to  our  readers. 
It  certainly  bears  rather  severely  upon  Mr.  Barry,  but  he,  if  any 
one  at  all,  can  very  well  bear  on  his  part  to  hear  unpalatable 
truths.  Of  flattery  and  adulation  he  gets  enough,  or  more  than 
enough — more  than  may  be  altogether  wholesome  for  him.  An 
occasional  draught  of  "bitters"  will  therefore  do  him  no  harm. 


of  one  cenfrnl  buffer  in  lieu  of  the  two  side  ones,  as  hitherto 
used  ;  this  the  ]iatentee  constructs  in  combination  with  the  draw- 
link.  The  annexed  diagi-am  represents  this  arrangement.  A,  A, 
are  the  buffer-plates  of  adjoining  carriages  ;  they  are  attached  to 
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RAILWAY  LOCOMOTION. 

Richard  Wriohton,  of  Lower  Brook-street,  Grosvenor-square, 
for  "  Improvements  in  apparatus  to  he  applied  to  rni/n-ay  carriages  and 
engines." — Granted  December  22,  Ib-tT  ;  Enrolled  June  22,  1848. 

The  apparatus  consists  of  five  distinct  applications  to  railway 
carriages  and  engines  for  different  jiurposes.  The  first  part  con- 
sists in  the  construction  of  apparatus  attached  to  the  breaks  of 
railway  carriages ;  the  actuating  force  upon  the  breaks  being  that 
of  steam.  The  patentee  claims  under  this  head  of  his  s])ecification, 
the  combination  and  arrangement  of  apparatus,  whereby  the 
piston  of  a  steam-cylinder  may  be  made  to  act  upon  central  trac- 
tion-rods or  shafts,  for  the  purpose  of  working  the  breaks  of  car- 
riages and  causing  them  to  act  simultaneously  upon  the  wheels 
throughout  the  whole  train  ;  also  the  construction  of  box-coupling 
for  connecting  the  shafts,  and  the  power  to  the  breaks. — The 
second  improvement  consists  in  the  employment,  inrailway  carriages, 


the  buffer-rods  B,  B,  the  ends  of  which  are  made  of  the  looped 
form  shown,  for  the  purpose  of  admitting  the  loop  of  the  connect- 
ing-links C,  C.  The  buffer-plates  A,  A,  are  made  with  holes 
through  their  centres,  through  which  are  passed  the  double-ended 
hooks  1),  when  the  carriages  are  required  to  be  connected,  which 
are  hooked  to  the  links  C,  C,  upon  the  buffei-rods  B,  B.  Immedi- 
ately liehind  the  loop  are  cut  threads,  upon  which  work  the  nuts, 
E,  E,  upon  which  are  loose  collars,  that  do  not  revolve  with  the 
nuts.  To  the  loose  collars  are  attached  by  studs  the  links  C,  C  ; 
When  it  is  required  to  connect  two  carriages,  the  buffer-plates 
are  lirought  together,  the  two  nuts  are  turned  up  to  tlie  looped 
ends  of  the  buffer-rods,  and  the  double  hook  inserted  and  hooked 
on  to  the  links ;  the  nuts  are  then  to  be  turned  back  until  the 
links  and  the  hooks  become  tight.  Instead  of  passing  the  traction- 
rods  entirely  through  the  carriage  as  hitherto,  the  patentee  passes 
the  rod  B,  only  through  the  end-frames  V,  F,  of  the  carriage, 
where  the  helical  spring  G,  is  placed  upon  the  rods,  and  acts  as 
the  buffing-spring. — The  patentee  claims  as  his  third  improvement, 
the  employment  of  helical  springs  or  other  elastic  substance,  incom- 
bination  with  adjusting-screws,  for  making  the  couplings  of  rail- 
way carriages ;  also  the  combination  of  a  double-joint  with  the 
adjusting-screws. — The  patentee's  fourth  improvement  consists  in 
constructing  1  he  axle-box  and  the  axle  in  such  manner  that  the 
lubricating  nu.terial  employed  shall  be  retained  in  contact  with  the 
journal  and  the  bearing,  and  thereby  prevent  a  considerable  por- 
tion of  the  waste  which  has  hitherto  taken  place  with  axle-boxes 
as  usually  constructed.  He  constructs  the  axle  of  one  piece  or  of 
two  pieces,  as  in  the  usual  way  ;  the  brass  forming  the  bearing  is 
properly  fitted  in,  and  the  end  of  the  axle  is  inserted  into  the  axle- 
box  from  the  back  ;  the  axle  inside  against  the  journal  is  turned 
with  a  flat  or  taper  shoulder,  against  which  is  fitted  and  placed  a 
metal  ring;  between  the  ring  and  the  back  of  the  axle-box  is 
inserted  a  ring  of  vulcanized  india-rubber,  or  other  similar  sub- 
stance, thereby  preventing  the  escape  from  the  axle-box  of  any 
considerable  portion  of  the  lubricating  material  employed. — The 
fifth  improvement  consists  of  a  means  of  enabling  any  of  the  pas- 
sengers in  railway  carriages  of  a  train  to  signal  and  communicate 
with  the  engine-driver  or  guard,  by  the  aid  of  electi-icity.  To  the 
middle  partition  of  each  railway  carriage,  near  the  roof,  is  fixed  a 
small  voltaic  battery,  by  means  of  which  the  passengers  are  en- 
abled to  bring  into  action  an  electro-magnet,  that  explodes  a  per- 
cussion-cap or  rings  a  bell. 


COKE  OVENS. 

George  Ambroise  Miciiaut,  of  Epieds,  France,  for  "  Improve- 
ments in  tlie  production  and  applicntion  of  heat,  and  in  the  manufac- 
ture of  coke." — Granted  December  IS,  Ih-ti;  Enrolled  June  15, 
1848. 

The  application  of  the  heat  evolved  during  the  formation  of 
coke  is  the  object  of  this  invention.  Sevei-al  ovens  are  combined 
together,  which  are  provided  with  fire-bars  that  occupy  only  a 
small  portion  of  the  area  of  the  bottom.  The  ovens  are  separated 
from  each  other  by  partitions,  ami  in  the  upper  parts  there  are 
openings  to  permit  the  flame  and  jiroducts  of  combustion  to  pass 
from  one  oven  to  another ;  and  there  are  openings  in  the  top  of 
each  oven,  through  which  the  flame  and  heated  gases  ascend,  in 
order  to  heat  gas-retorts,  lime-kilns,  steam  or  other  boilers,  or 
other  apparatus,  situated  above  the  coke-ovens.  The  patentee 
states,  that  by  means  of  this  invention  the  heat  may  be  more  ad- 
vantageously obtained  and  applied  than  before.  When  the  ovens 
are  at  work,  the  charges  of  coal  are  introduced  in  siiccession,  in 
such  manaer  that  the  charge  in  two  out  of  three  may  be  in  a  high 
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st.ite  of  ignition  when  fresh  coal  is  put  into  the  other.  The 
operator  will  know  when  to  withdraw  a  eharg^e,  hy  the  flame 
ceasing  on  the  surface  ;  as  soon  as  this  is  the  case,  the  charge  is  to 
be  witlidrawn  and  cooled  with  water  ;  a  fresh  charge  of  coal  is 
then  to  be  put  into  the  oven,  and,  the  fire-door  being  closed,  the 
charge  will  soon  be  ignited  by  the  heat  of  that  oven  and  tlie  flame 
from  the  other  ovens.  Tlie  ash-pit  doors  are  to  be  kept  closed  at 
all  times,  except  it  be  found  requisite  to  introduce  air  to  expedite 
combustion  ;  and  the  ash-pit  door  of  the  oven,  into  which  the  air 
is  to  be  admitted,  is  opened. 

STEAM-BOILER  FURNACES. 

Henby  F.  Bakeb,  of  Boston,  United  States  of  America,  for  a 
"  certain  new  tind  useful  improvement  in  steam-boiler  furnaces." — 
Granted  December  22,  184.7  ;  Enrolled  June  22,  1848. 

The  annexed  diagram  represents  a  longitudinal  vertical  section 
of  the  furnace,  as  applied  to  the  cylindrical  boiler  of  a  high- 
pressure  engine.  The  fire-box  a,  is  placed  at  one  end  of  the 
boiler.  At  the  end  of  the  fire-bars  tliere  is  placed  a  vertical  grate 
c,  which  reaches  nearly  to  the  bottom  of  the  boiler,  for  the  purpose 


of  preventing  ashes  from  being  carried  into  the  reverberatory 
chambers  ;  in  the  addition  of  which,  the  peculiarity  of  the  inven- 
tion consists.  The  bottoms  of  these  chambers  are  placed  below 
the  level  of  the  fire-bars,  and  the  number  of  them  may  be  four  or 
more  as  required.  They  are  of  a  parabolic  form,  for  giving  a  re- 
volving motion  to  the  gases  and  other  inflammable  matters,  thereby 
retaining  them  till  consumed ;  e  is  a  plate  of  iron  placed  in  an 
inclined  position,  whereby  it  receives  the  direct  force  of  the 
entire  flame  from  the  furnace,  part  of  which  is  deflected  against 
the  bottom  of  the  boiler,  while  the  remainder  is  turned  down- 
wards, and  caused  to  circulate  in  the  chamber  below.  Openings 
are  left  at  the  upper  part  of  the  plate  e,  between  it  and  the  bottom 
of  the  boiler,  which  allows  the  flame  to  pass  along ;  f  and  g  are 
air-channels,  for  the  admission  of  atmospheric  air  or  oxygen,  in 
order  to  ensure  the  perfect  combustion  of  the  gases.  These  chan- 
nels are  carried  into  the  brickwork  at  the  side  of  the  boiler, 
through  which  they  may  be  conducted,  and  furnished  with  valves, 
if  necessary,  for  regulating  the  quantity  of  air ;  A,  A,  are  curved 
plates,  which  extend  across  the  furnace,  the  openings  in  which  are 
so  arranged  that,  while  part  of  the  heat  and  flame  passes  along 
immediately  in  contact  with  the  boiler,  part  also  is  deflected 
against  the  bottom  of  the  boiler,  and  the  remainder  is  directed 
down  into  the  hollow  bottoms  of  the  reverberatory  chambers. 
Gratings  j,  j,  «',  are  placed  in  the  bottom  of  each  of  the  reverbe- 
ratory chambers,  to  allow  any  small  particles  of  incombustible 
material  to  escape,  that  may  be  carried  over  by  the  draught. 
These  gratings  open  into  a  pit  A-,  below,  which  must  be  tept 
closed.  The  fire  having  been  ignited,  the  flame  and  gases  evolved 
will  be  carried  over  and  through  the  vertical  bars  c,  and  will  come 
in  contact  with  the  plate  e,  by  which  they  wUl  be  deflected  against 
ths  boiler,  and  also  turned  downwards  into  the  hollow  bottom  of 
the  first  chamber  d,  causing  them  to  rovolve  and  be  retained  a 
short  time,  to  further  the  combustion.  They  then  pass  over  the 
upper  part  of  the  air-distributing  box,  on  the  further  side  of 
which  are  numbers  of  small  openings,  whence  the  atmospheric  air 
issues,  as  indicated  by  the  arrows,  the  current  of  air  or  oxygen 
causing  the  unconsumed  volatile  product  to  be  converted  into 
flame,  which,  by  the  force  of  the  current,  impinges  on  the  bottom 
of  the  boiler.  The  gases  are  also  in  this  next  chamber  caused  to 
revolve  by  the  curved  shape  ;  and  they  are  disturbed  by  the  plate 
h,  in  the  next  chamber,  where  they  are  again  retained  a  short 
time,  the  revolving  in  these  chambers  causing  the  heated  particles 
to  be  brought  in  contact  with  the  boiler,  the  last  reverberatory 
chamber  being  also  furnished  with  an  air-distributing  box  g,  which 


is  supplied  by  channels  through  the  brickwork.  From  the  fourth 
chamber  the  incombustible  product  is  conducted  by  a  flue  at  the 
bottom  of  the  boiler  to  the  chimney. 

AXLE  GUARDS  AND  BUFFERS. 

Charles  de  Bebgue,  of  Arthur-street  West,  City,  engineei-,  for 
"  Improvements  in  carriages  used  on  railways." — Granted  Januarys  ; 
Enrolled  July  5,  1848. 

These  improvements  in  railway  carriages  relate  only  to  the 
axle-guards  and  boxes,  and  to  bufters.  The  patentee  con- 
structs his  axle-guards  in  such  a  manner,  that  a  wooden  surface 
shall  be  presented  as  a  guard  for  the  axle-box  (which  is  of  cast- 
iron)  to  rub  against.  For  this  purpose  he  secures  two  uprights  to 
the  main  framing  of  the  carriage,  at  a  distance  from  eacli  other 
suitable  for  receiving  the  axle-box,  which  has  a  flange,  its  whole 
depth  on  each  side  embracing  both  sides  of  tlie  upriglits.  These 
wood  uprights  forming  the  guard,  are  strengthened  by  plates  of 
iron,  placed  on  each  side,  the  width  of  such  plates  being  less  by 
the  breadth  of  flange  on  the  axle-box,  than  the  wood  against 
which  they  are  bolted ;  thus  the  face  of  the  axle-box  slides  flush 
with  the  face  of  the  axle-guard.  The  upper  parts  of  these  plates 
are  carried  up  tlie  side  of  the  frame,  to  which  they  are  secured. 
The  springs  are  of  the  kind  previously  patented,  and  consist  of  a 
series  of  india-rubber  rings,  separated  by  plates  of  metal.  This 
spring  is  placed  between  the  uprights  of  the  axle-guard,  the  bot- 
tom plate  being  supported  by  a  vertical  rod  resting  in  a  step  on 
the  axle-box,  immediately  above  the  centre  of  the  bearing,  being 
within  the  grease-box,  which  forms  part  of,  and  is  cast  in  one 
piece  with,  the  axle-box.  The  wood  faces  of  the  axle-guards  and 
the  chase  in  the  sides  of  the  axle-boxes  must  be  rendered  particu- 
larly smooth,  in  order  to  prevent  abrasion  of  the  surface  of  the 
wood.  The  second  improvement  consists  of  a  mode  of  making 
the  conical  centres  of  plates  used  for  separating  the  rings  of  india- 
rubber  in  the  bufl"er  and  other  springs.  In  making  these  plates 
the  patentee  forms  a  thin  disc  of  metal  of  the  required  diameter, 
having  a  hole  in  the  centre  larger  than  is  necessary,  to  go  over  the 
bufl'er-rod ;  he  then  incloses  this  plate  in  a  suitable  mould,  in 
which  is  poured  a  quantity  of  soft  metal,  such  as  zinc  and  tin,  in 
order  to  form  the  conical  centre  of  such  separating-plates.  The 
soft  metal  mould,  being  larger  in  diameter  than  the  hole  in  the 
centre  of  the  plate,  it  consequently  becomes  securely  imbedded  in 
the  soft  metal  centre,  which  is  cast  with  an  opening  suitable  to 
receive  the  buifer-rod  or  other  spindle,  according  to  the  purpose  it 
may  be  intended  for.  The  third  part  of  this  invention  relates  to 
what  the  patentee  denominates  a  long-range  bufiing  apparatus, 
which  is  applied  to  a  van  or  truck  placed  between  the  engine  and 
tender  and  the  train  of  carriages,  in  order  to  protect  the  train  as 
much  as  possible  from  violent  concussion.  The  range  of  resistance 
in  this  apparatus  is  to  the  extent  of  several  yards,  and,  unlike 
other  bufl'ers,  it  is  not  attended  by  any  recoil.  The  resistance  is 
produced  by  the  friction  of  straps  passing  over  a  drum,  which 
straps  are  so  arranged  in  connection  with  levers  and  a  train  of 
wheels,  that  as  the  force  of  the  collision  increases,  the  straps  are 
tightened  and  the  resistance  is  augmented. 


SCREW  PROPELLERS  AND  PUMPS. 

Edward  Humphreys,  of  Holland-street,  Surrey,  engineer,  for 
"  certain  improvements  in  steam-engines,  and  in  engines  or  apparatus 
for  raising,  exhausting,  and  forcing  liquids." — Granted  January  4 ; 
Enrolled  July  4,  1848. 

The  improvements  in  steam-engines  have  reference  solely  to 
the  mode  of  driving  the  screw  propellers  of  steam-boats.  The  ap- 
paratus and  the  driving  multiple  wheels  are  so  arranged,  that  the 
cranks  usually  employed  are  dispensed  with,  the  place  being  sup- 
plied by  the  driving  spur-wheels  themselves.  The  pins  to  which 
the  connecting-rods  are  attached,  and  which  have  hitherto  been 
fixed  to  the  cranks  upon  the  ends  of  the  shaft,  are,  by  the 
patentee's  arrangement,  now  fixed  to  the  bosses  of  the  driving- 
wheels,  which  take  the  places  of  the  cranks.  The  second  part  of 
the  invention  consists  in  the  construction  of  the  valves  for  pumps 
for  raising  or  lifting  or  forcing  water,  as  applied  to  an  air-pump. 
The  patentee  proposes  to  form  the  passages  through  the  bucket, 
radiating  from  the  centre  ;  the  passages  being  in  pairs,  having  a 
thin  partition  of  metal  between  them,  each  pair  of  the  passages 
being  covered  by  a  valve,  which  is  composed  of  a  thin  piece  of 
steel  or  other  flexible  metal,  one  end  of  which  is  firmly  secured  to 
the  inner  part  of  the  bucket,  while  the  other  part  rises  from  its 
seat,  when  required  to  allow  the  flow  of  water.    The  patentee 
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claims  in  respect  to  the  first  part  of  his  invention — First,  the 
placing  the  direct-actina;  marine  steam-engines  between  a  line 
drawn  throuffh  tlie  centre  of  the  piston-rod,  and  a  ]>arallel  line 
drawn  throwfjli  theadjiiinini;  bearin"-,  or  i]i  the  spaces  usually  occu- 
pied by  the  crank  in  ordinary  engines  ;  also  the  connecting  the 
piston-rods  to  the  driving-wheels,  without  the  aid  of  cranks. 


LAP-WELDED  IRON  TUBES. 

Job  Cutler,  of  Birmingham,  civil  engineer,  for  '^  certain  im- 
provrmentu  in  ine/deii  iron  pipes  or  tuhcx  to  In;  used  as  the  flues  of  steam- 
boilers." —GrawieA.  January  13  ;  Enrolled  July  13,  1848. 

The  object  of  the  patentee  is  to  produce  lap-welded  iron  tubes 
or  pipes,  so  formed  as  to  give  increased  strength  to  those  parts 
which  are  exposed  to  wear,  without  additional  weight  to  the  entire 
length  of  the  tube,  and  thereby  to  obviate  the  evils  to  which  boiler 
tubes  are  at  present  exposed.  He  makes  the  internal  diameter  of 
the  tube  greater  at  one  end  than  at  the  other,  instead  of  its  being 
the  same,  or  uniform  throughout,  as  has  hitherto  been  the  case  ; 
the  external  diameter  remaining,  however,  the  same,  and  uniform 
throughout  the  entire  length  of  the  tube.  The  tube  will,  of  course, 
be  cylindrical  upon  the  extericn-,  and  conical  upon  the  interior  sur- 
face. The  increased  thickness  of  metal  at  tlie  one  end  is  to  be 
drawn  from  the  remaining  portion  of  the  entire  length  of  the  tube. 
And  further,  the  operation  is  effected  at  one  heat,  so  that  the 
ductility  of  the  iron  of  which  the  tubes  are  composed  shall  remain 
unimpaired. 

The  modus  operandi  is  as  follows  : — The  patentee  employs  a  series 
of  grooved  rolls,  moved  by  suitable  toothed  wheels  and  a  mandril, 
with  a  conical  bulb  or  head,  the  stem  of  which  is  of  increasing 
diameter  towards  the  opposite  end.  The  skelp,  after  being  pro- 
perly prepared,  as  is  usual  in  the  manufacture  of  lap-welded  iron 
tubes,  is  heated  and  passed  between  the  first  of  the  series  of  rolls. 
It  is  then  welded  over  the  conical  bulb,  and  forced,  at  the  same 
time,  over  the  stem  of  the  mandril.  This  mandril  is  held  by  a  grip, 
attached  by  a  hinge  thereto  in  a  stop,  so  as  to  allow  of  its  being 
lowered  and  passed,  after  the  conical  bulb  has  been  removed  between 
the  second  series  of  rolls,  the  diameter  of  the  groove  of  which  is 
smaller  than  that  of  the  first  series.  The  tube,  with  the  mandril 
still  inside,  is  then  passed  through  the  third  series  of  rolls,  the 
groove  of  which  is  smaller  than  that  of  the  second  series.  The 
object  of  these  successive  rollings,  after  the  skelp  has  been  welded 
on  the  mandril,  is  to  remove  any  irregularities  upon  either  of  the 
surfaces,  and  to  make  the  edges  of  the  tube  perfectly  smooth  and 
uniform.  The  tube  is  then  taken  to  the  drawing  bench,  in  front 
of  which  is  a  stop,  and  against  which  the  pij)e  rests.  The  stop  is  I 
furnished  with  a  hole  to  allow  of  the  passage  of  the  grip  of  the 
mandril,  wliich  is  held  by  a  pair  of  pliers ;  and,  the  bench  being 
made  to  move  while  the  pipe  remains  stationary,  the  mandril  is 
withdrawn.  \\''hen  it  happens  that  the  mandril  adheres  too  tightly 
to  the  tube,  it  is  proposed  to  heat  it  in  a  mufile  or  furnace,  then  to 
cool  the  end  wliicli  rests  against  the  stop,  and  repeat  the  above 
operation,  or  to  roll  it  cold  between  three  rollers,  as  is  usually 
done  in  straightening  shafting. 


ATMOSPHERIC  RAILWAY. 

William  Froudi:,  of  Darlington,  Devon,  civil  engineer,  for 
"  Improvements  in  the  valves  used  in  closing  the  tubes  of  atmospheric 
railways." — Granted  January  5  ;  Enrolled  July  S,  1848. 

The  material  which  is  employed  in  this  invention  for  closing 
the  slit  in  tlie  tube,  is  vulcanised  india-rubber;  and  the  advantage 
proposeil  to  be  gained  is  the  dispensing  with  any  unctions  sub- 
stance for  keeping  the  valve  air-tight.  Flat  valve-seats  are 
formed  on  each  side  of  the  slit,  botli  of  which  are  bounded  by 
vertical  flanges ;  the  right-angles  formed  by  the  vertical  flanges 
and  the  valve-seats,  being  rounded  olf,  and  the  valve-seats  slightly 
recessed  by  shallow  circular  recesses,  which  therel)y  form  the 
hinges  or  centres  of  motion  of  the  valves.  There  are  two  valves 
employed,  the  lower  portion  is  composed  of  plates  of  iron,  of  about 
eight  inches  in  length  each  ])late,  the  shape  of  the  lower  surface  of 
which  agrees  in  contour  with  the  seat  upon  which  it  is  placed ; 
the  one  edge  of  the  ])lates  forming,  with  the  shallow  circular  re- 
cess in  the  seat,  the  hinge  or  centre  of  motion.  The  other  edge 
of  the  plates  is  nearly  over  the  centre  of  the  line  of  opening, 
thereby  nearly  meeting  the  edge  of  the  opposite  plate  upon  the 
other  valve-seat.  The  under  side  of  the  plates  over  the  aperture, 
is  formed  of  the  same  curvature  as  the  inside  of  the  tube.  The 
upper  surfaces  of  these  plates  are  flat,  except  that  part  over  the 


aperture  immediately  adjoining  the  edge,  where  it  is  lower  than 
the  ])art  over  the  seat.  Upon  these  plates  are  placed  a  continued 
sheet  of  vulcanized  indiii-rubber  which  extends  from  beyond  the 
centre  of  tlie  line  of  opening  or  ajierture  over  the  whole  surface 
of  the  plates  up  tlie  inner  side,  and  also  on  the  to]i  of  the  vertical 
flange.  Tlie  jiortion  of  the  vulcanized  india-rubber  sheets  which 
are  over  the  line  of  opening,  are  increased  in  thickness  and  fill  the 
whole  of  the  depressed  part  of  the  plates,  thereby  forming  at  that 
part  a  thick  pad.  The  upper  surface  of  the  vulcanized  india- 
rubber  is  covered  with  canvas.  Above  the  vulcanized  india-ruliber 
sheets  are  placed  flat  )ilates  of  iron,  of  similar  length  to  those 
beneath  and  lying  over  them  ;  they  are  securely  rivetted  together, 
thereby  holding  firmly  between  them  the  vulcanized  india-rubber. 
The  vulcanized  india-rubber  is  secured  to  the  side  and  top  of  the 
vertical  flange  by  means  of  a  series  of  iron  bars,  which  are  bolted 
to  the  flange,  and  which  are  to  be  about  15  feet  long,  which  secures 
that  edge  of  the  valve  air-tight,  or  nearly  so.  Al'lien  the  valves 
are  firmly  pressed  upon  their  seats,  the  edges  of  the  vulcanized 
indiii-rubber  jiads  in  contact  are  below  a  line  drawn  between  the 
centres  of  motion  of  the  two  valves,  whereby  the  tendency  of  the 
elasticity  of  the  pads  will  be  to  further  press  the  valves  upon  the 
seat  instead  of  raising  them  therefrom.  The  patentee  projioses  to 
employ,  for  the  purpose  of  opening  the  valves  for  the  passage  of 
the  bar  connecting  the  piston  apparatus  with  the  carriages,  a  series 
of  not  less  than  five  wheels  placed  in  advance  of  the  connecting- 
bar  ;  the  first  of  these  wheels  being  placed  at  about  nine  feet 
before  the  bar,  and  the  other  at  intervals  of  about  two  feet  from 
centre  to  centre.  After  the  passing  of  the  connecting-arm,  the 
valves  are  lowered  and  closed  over  the  opening  by  a  wheSl  attached 
to  the  upper  part  of  the  connecting-bar,  or  to  the  carriage,  in 
such  manner  as  to  run  over  the  valves,  and  thereby  press  them 
down  upon  their  seats,  where  they  are  securely  retained,  and  effect 
an  air-tight,  or  nearly  air-tight,  joint. 


MINING  APPARATUS. 

Pierre  Augustus  Puis,  of  Paris,  for  "  Improvements  in  appara- 
tus for  raising  and  lowering  heavy  bodies  in  mines." — Granted  De- 
cember 22,  184.7;  Enrolled  June  22,  1848. 

The  principal  feature  in  this  invention  is  the  application  of 
atmospheric  pressure  to  the  raising  of  weights,  and  to  the  draining 
of  mines.  The  first  plan  by  which  the  patentee  proposes  to  raise 
bodies  is  by  having  a  vertical  air-tight  tube  in  which  there  is  a 
solid  piston,  to  the  under  part  of  which  the  weights  to  be  raised 
are  to  be  attached ;  and  the  upper  part  of  the  tube  being  exhausted, 
the  atmospheric  pressure  below  will  force  up  the  piston  and  its 
load.  In  the  drawings  attached  to  the  specification,  two  pistons 
are  represented,  the  one  following  the  other  in  the  ascent.  When 
the  upper  one  reaches  the  top  it  is  relieved  of  its  load  by  means  of 
a  slide,  which  passes  in  below  it,  cutting  off  communication  with 
the  rest  of  the  tube,  and  the  weight  is  removed  by  a  door  in  the 
side  of  the  tube;  the  up]ier  piston  is  then  carried  by  exhaustion  in 
a  continuation  of  the  tube  above  the  shaft.  The  next  one  is  then 
brought  up  and  unloaded  in  a  similar  manner.  The  bottom  of  the 
tube  is  closed  after  the  weights  are  introduced,  the  air  being  ad- 
mitted by  a  small  tube  proceeding  from  the  top  of  the  mine,  by 
which  the  admission  of  the  air  to  the  underside  of  the  pistons  is 
regulated.  In  another  method  of  applying  the  atmospheric  tube, 
instead  of  raising  the  weights  within  the  tube,  they  are  elevated 
on  the  outside,  by  means  of  arms  projecting  through  a  continuous 
slit.  For  the  purpose  of  raising  water  in  mines,  the  apparatus 
consists  of  a  series  of  air-cylinders,  which  are  placed  at  regular 
intervals  down  the  shaft.  Each  of  these  is  in  communication  with 
an  exhaust  tube.  The  lower  pump  draws  the  first  lift  by  suction, 
the  water  then  passes  through  the  bucket,  and  is  forced  up  a  step 
higher  to  a  small  reservoir  placed  for  the  purpose.  The  next  pump 
above  repeats  the  operation,  drawing  the  water  from  the  reservoir, 
to  which  it  has  been  previously  raised  by  the  pump  below,  and  so 
on  till  the  water  arrives  at  the  top.  The  action  of  the  pumps  is 
produced  by  alternately  exhausting  and  admitting  the  air  from, 
and  to,  the  cylinders,  on  the  upper  side  of  the  pistons.  Another 
part  of  this  invention  relates  to  the  raising  weights  in  mines  by  a 
series  of  vertical  rods,  which  are  attached  to  each  other,  forming 
one  continuous  rod  to  the  bottom  of  the  pit.  Two  of  these  com- 
bined rods  are  placed  side  by  side,  and  suspended  at  the  top  by 
two  chains,  attached  to,  and  passing  round,  wheels  supported  over 
the  mouth  of  the  shaft.  These  wheels  have  a  semi- rotary  move- 
ment imparted  to  them  from  a  steam-engine,  by  which  means  a 
continual  reciprocating  motion  of  the  two  rods  is  kept  up.  Hooks 
or  notches  are  formed  on  the  vertical  rods  at  regular  distances, 
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corresponding  with  the  height  the  rod  is  lifted  at  each  movement. 
Each  bucket  to  be  raised  by  these  rods  is  furnished  with  two  spring- 
hooks,  which  take  into  the  notches  on  the  rods  and  suspend  them 
while  ascending;  tlie  bucket  being  suspended  from  the  lowest 
notcli,  is  elevated  bv  the  first  movement,  till  the  spring-hook  slips 
into  the  second  notch  on  the  other  rod.  The  rod  liy  which  it  has 
been  previously  lifted,  descends,  thereby  transferring  the  whole 
weight  to  the  other  rod,  which  immediately  raises  it  another  step, 
the"  changes  being  performed  alternately  in  this  way  until  the 
bucket  reaches  the  top. 


STEAM-ENGINES. 

Chakles  William  Siemens,  of  Manchester,  for  '^  Improvements 
in  engines  to  be  worked  bi/  steam  and  other  /k?V/s."— Granted  Decem- 
ber 22,  184.7;  Enrolled  June  22,  1848. 

The  chief  object  of  this  invention  is  the  saving  of  fuel  by  a 
means  proposed  for  regenerating  the  steam  and  for  condensing  it 
by  successive  exposures  to  water  of  different  temperatures.  There 
is  no  regular  boiler  employed,  but  the  steam  is  generated  in  the 
first  instance  in  a  small  flat  chamber,  placed  close  to  the  cylinder; 
the  direct  action  of  the  fire  being  against  a  cast-iron  chamber  con- 
taining the  bottom  of  the  cylinder,  and  having  considerable  space 
between  the  two,  which  is  filled  with  lead.  The  flues  are  continued 
twice  round  the  cylinder,  and  then  carried  under  the  steam-gene- 
rating chamber.  The  cylinder  is  fitted  with  a  Jacket,  through 
which  the  steam  has  access  to  both  sides  of  the  piston,  the  area  of 
the  upper  side  of  which  being  diminished  one-half  by  a  trunk 
which  works  through  a  stuflfing-bo.\  in  the  top,  and  admits  of  the 
connecting-rod  passing  down  to  the  piston,  the  difference  of  the 
area  causing  the  piston  to  ascend.  The  steam  having  been  thus 
admitted  to  the  cylinder,  is  suffered  to  escape  by  a  series  of  double- 
beat  valves,  which  are  lifted  by  a  series  of  cams  on  the  main  shaft ; 
the  steam  is  thus  admitted  successively  into  eight  different  regene- 
rating-chambers,  which  are  placed  immediately  under  the  generator. 
The  steam,  as  admitted  to  the  upper  chamber,  will  be  of  tlie  greatest 
pressure,  and  the  valve  is  suffered  to  remain  open  a  very  short 
time,  the  next  in  succession  opening  immediately,  the  duration  of 
which  will  be  somewhat  longer,  which  goes  on  increasing,  the 
pressure  of  the  steam  being  also  gradually  reduced  ;  the  ninth 
valve  opens  to  the  atmosphere  or  to  the  condenser,  and  remains 
open  till  the  engine  is  past  the  centre.  These  several  chambers 
are  each  fitted  with  shallow  horizontal  trays,  into  which  water 
escapes  from  the  generator  above,  passing  from  one  to  the  other. 
The  heat  thus  communicated  to  tliese  chambers  regenerates  the 
steam,  which  is  again  admitted  to  the  same  cylinder,  or  to  another 
cylinder,  should  it  be  a  double-cylinder  engine,  by  tlie  same  set  of 
valve.s.  which  are  opened  by  another  set  of  cams  on  the  opposite 
side  of  the  shaft,  in  the  inverse  order  to  that  before  explained,  the 
lowest  pressure  being  allowed  to  act  first.  The  heat  communicated 
by  the  fire  to  the  cylinder  also  assists  in  the  regeneration  of  the 
-Steam.  The  next  part  of  the  invention  relates  to  the  condensation 
of  steam  in  ordinary  condensing-engines.  The  condenser  is  sub- 
divided by  horizontal  partitions,  into  four  or  five  separate  compart- 
ments, the  steam  being  admitted  by  a  cock  having  a  hollow  plug, 
which  is  opened  to  the  cylinders.  This  plug  opening  to  the  separate 
compartments  of  the  condenser  in  succession,  beginning  at  the 
lowest,  the  injection  water  is  admitted  to  the  uppermost,  where  it 
completes  the  condensation  of  the  steam,  and  from  which  the  air- 
pump  exhausts  a  portion  of  the  injection  ;  and  the  condensed  water 
instead  of  being  carried  off  by  tiie  air-pump,  is  received  between 
two  pistons  working  in  a  barrel  between  the  upper  and  second 
chamber,  by  reason  of  the  upper  piston  being  above  the  top  of  the 
cylinder  or  barrel.  This  water  is  by  the  down  stroke  of  the  air- 
pump  admitted  to  the  (diamber  immediately  below  the  injection 
chamber,  and  in  which  a  portion  of  the  steam  is  suffered  to  escape. 
Each  of  the  partitions  is  fitted  with  similar  apparatus  for  transmit- 
ting the  condensed  water  from  one  chamber  to  the  other,  till  it 
reaches  the  lowest,  where  the  steam  is  first  admitted.  A  portion 
of  the  steam  on  entering  that  chamber  will  be  condensed  by  the 
water,  and  after  having  passed  through  all  the  separate  chambers, 
and  having  the  heat  derived  from  several  successive  charges  of 
steam  from  the  cylinder,  it  will  have  attained  a  great  heat,  and 
may  be  introduced  to  the  boiler.  The  quantity  of  water  required 
for  injection  will  thus  be  materially  reduced,  and  may  render  it 
applicable  to  locomotives  for  condensing  the  atmosphere  of  the 
steam  which  remains  in  the  cylinder  after  its  high-pressure  effect 
is  spent  through  the  blast-pipe  in  the  chimney.  The  last  part  of 
the  invention  relates  to  an  improvement  in  the  ohronometric 
governor,  patented  by  Mr.  Siemens,  in  December,   1846.     The 


improvement  consists  in  the  adaptation  of  an  expanding  fly-wheel 
to  the  governor,  instead  of  the  pendulum-ball  with  which  it  was 
originally  constructed.  This  fly-wheel  is  formed  in  four  segments, 
and  by  centrifugal  action  they  are  caused  to  expand  or  recede  from 
the  centre.  When  any  excess  of  the  centrifugal  force  takes  place, 
by  reason  of  the  increased  velocity,  bell-crank  levers  are  actuated 
by  the  segments,  so  as  to  force  a  conical  friction-break  against  a 
cone  fixed  to  the  frame-work.  The  friction  cau.sed  by  this  break 
tends  to  retard  the  velocity  of  the  shaft  and  segments,  and  the 
power  which  is  exerted  to  drive  the  shaft  being  constant  and 
independent  of  the  velocity  of  the  prime  mover,  limits  the  velocity 
of  the  expanding-wheel,  causing  nearly  a  uniformity  of  motion,  if 
sufficient  power  be  at  all  times  transmitted  to  the  shaft. 


REPLY     TO     THE     REVIEW     OF     DR.     GREGORY'S 
"  MATHEMATICS  FOR  PRACTICAL  MEN." 

Sir — In  the  criticism  upon  the  new  edition  of  Dr.  Gregory's 
"  Mathematics  for  Practical  Men,"  which  appeared  in  the  last 
number  of  your  Journal,  the  writer  has  in  such  positive  terms  de- 
nounced as  incorrect  certain  portions  of  that  work,  involving 
principles  not  however  peculiar  to  itself,  but  which  have  origi- 
nated with,  or  been  demonstrated  by,  all  the  principal  mathematical 
writers,  that  I  think  myself  called  upon  to  otter  the  following 
remarks,  to  prevent  your  readers  being  misled  upon  the  subject. 

Your  reviewer  commences  his  criticism  by  expressing  his  sur- 
prise at  my  using  the  words  cycloid  and  trochoid  synonymously;  I 
am  not,  however,  the  only  person  who  has  done  so,  for 

Dr.  Huttoii  says:  "  Trochuid  is  the  same  curve  as  what  is  more  usually 
called  the  cyiluid."' 

Professor  Barlow  says :  "  Trochoid  Is  the  same  as  cycloid,  that  term  being 
derived  in  a  similar  manner  from  x^X^  s,  a  circle.  It  Is,  however,  hy  some 
authors,  used  to  denote  exclusively  the  piolate  cycloid. '"- 

Your  reviewer  then  proceeds  to  find  fault  with  my  definition  of 
an  epicycloid,  which  is  as  follows: — 

"If  the   generating  circle,  iiisiearl  of  rolling  along  1 
a  straight  line,  is  made  to  roll  upon  the  circumference 
of  another  circle,  the  curve  riescriheil   hy  any  point  in 
its  circumference  is  called  an   epicycloid."  p.  179. 


equal  to  the  fixed 
circle,  and  rolls  on 
the  exterior  of  it." 


Your      reviewer 

says  :     "  It   is   not 

called  aneptcycloidp 

^     ,,  .,,.,■  ,    t   ,  ,  .  1-        1  except    when     the 

Dr.  Hutton  says  :       liut  ,f,  instead  of  the  nght  Ime,  Y     J,^,-       ,i^^,,  ;, 

the   circle   roll   ainiig   the    circumference   of    another     „„.,„|    ,„,[,„  «... 

circle,  either  equal  to  the  former   or  not,   then   the 

curve  descrilied   hy  aiiy'pnint  in  its  circumference  is 

v\hat  is  called  the  epicyclrAd."^ 

Now,  Professor  Barlow  ■*  gives  the  properties  of  epicycloids 
when  the  generating  and  quiescent  circles  are  not  commensurable, 
which  they  always  would  be  if  equal  and  Dr.  Young,''  in  an 
"  Essay  on  Cycloids"  (the  attentive  perusal  of  which  I  would 
recommend  to  your  reviewer),  speaks  of  epicycloids  in  which, 
while  one  circle  remains  constant,  the  other  becomes  either 
infinite  or  evanescent.  !f,  then,  your  reviewer  is  riiiht,  it  follows 
that  Dr.  Hutton,  Professor  Barlow,  Dr.  Young,  aiul  many  others 
(whom  I  have  not  space  to  quote),  are  wrong. 

He  then  goes  on  to  say,  that  I  have  aggravated  the  mistake 
"by  representing  the  rolling  curve  as  much  larger  than  the  fixed 
curve,"  whereas  it  is  really  much  smaller  in  both  my  figures  (157 
and  158);  from  which  it  is  very  evident  that  he  has  mistaken 
the  fixed  for  the  rolling  circle. 

Your  reviewer  next  finds  fault  with  one  of  my  definitions,  as 
being  "clumsy  and  incomplete,  at  the  least;"  and  asks,  _"  What 
will  our  mathematical  readers  say  of  such  a  definition.?"  Now, 
one  of  our  most  justly-esteemed  mechanical  writer.s.  Professor 
Moseley,  has  given  a  definition  so  precisely  synonymous,  that  I 
transcribe  both  his  and  my  own  for  the  purpose  of  comparison: — 

Professor  MoscUy's  Definition.  Definition  Criticised. 

"  When  more  luiies  lliaii  one  are  "Whtntlie   forces   that  act  upon 

applieil  to  a  hody,  and  their  respec-       a  borly,   deitroy   or  annihilate  each 


other's  operation,  so  that  the  body 
remains  quiesctnt,  tliry  are  said  to 
be  ill  ei/uilihrium,  and  are  then 
called  pressures."  p.  187. 


tive  tendencies  to  communicate  mo- 
tiiin  to  it  counteract  one  another,  so 
that  the  body  remains  at  rest,  these 
forces  are  saul  to  he  in  equititiriumj 
and  are  then  called  pressures."'^ 

Your  reviewer  objects  to  the  sense  in  which  I  here  use  the  word 

«  i'liil.  iiiiil   fllii.b    liiLiiui.ary,  vol.  J    p.  .'>4l- 

2  Neiv  Jlalh.  and  Phil.  liRiiiinary.     An.   •TrochoiJ." 

;»  iM.ll.  and  iUatli.  Dittiintary.  vol.  1,  (j.  475. 

"  Nov  Bialh.  and  Phil.  Uimoiiaiy,— An.  ■' Epicyiljid." 

s  A  course  ot  Lpcluieson  Nal.  Pint.,  vol.  2,  p.  55K. 

"  Meihauk-at  Principles  of  i-lugineeriug  and  Arcb.,  p.  1. 
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"pressures;"  for  wliicli,  however,  in  addition  to  that  of  Professor 
Moseley,  I'have  tlie  autliority  of  Dr.  \V"hewell,'  mIjo  says, 
"  ■S7a/ica' forces  are  called /(rraswre.v  ;"  and  Dr.  Youup,"  who  says, 
"  A  pressure  is  a  force  eonuteruclKd  hi/  anutkerfiirce,  so  that  im  motion 
is  produced."  If,  then,  your  reviewer  is  correct,  it  follows  that 
Professor  Moseley,  Dr.  Whewell,  and  Dr.  Young  are  wroiiii. 

Your  reviewer  next  takes  up  the  subject  of  vis  viva,  on  which  I 
«ay, — 

•'  Vis  visa,  or  living  force,  a  term  used  by  Leibnitz  to  denote  tlie/oree  or 
power  of  a  boily  in  motion;  or  the  force  which  would  Ite  required  lo  l)ring 
it  to  a  btate  of  rest."  p.  lOS 

Professor  Barlow  says  :  "  Vis  viva,  or  living;  force,  is  used  by  the  same 
aullior  [[.fihniiz]  to  denote  Ihe/orce  or  power  of  a  body  in  motion."" 

Dr.  llutton  says  :  "  I'is  mortua,  and  Vis  viva,  are  terms  used  by  Leibnitz 
and  Ids  followers  (or  force ;  understanding  l)y  thf;  latter,  that  force  or 
power  of  acting  which  resides  in  a  body  in  motion."'" 

Notwithstandiner,  however,  the  united  testimony  of  Professor 
Barl()w,  Dr.  Gregory,  and  Dr.  llutton,  that  Leibnitz  used  the 
term  vis  inra  as  here  stated,  your  reviewer  is  ])erfectly  sceptical 
upon  the  point,  and  boldly  asserts  "that  Leibnitz  never  did 
anything  half  so  absurd  as  is  here  said  of  him  ;"  that  he  did  do  so, 
is  however  a  matter  of  fact,  for  here  are  his  own  words  : — 

"  lline  Vis  quoque  duplex  :  alia  elementaris,  quio  et  mortimm  apello, 
quia  in  ea  iiondum  existit  motus,  sed  taniiitn  solUcitatis  ad  niotum,  qualis 
est  glubi  in  tulin,  aut  lapidis  in  funda,  etiam  dum  adhuc  vinculo  tenetur ; 
alia  veTo  vis  ordinaria  est,  cum  niotn  actual!  ennjuncta,  quara  voco  vitam. 
Et  vis  mortnse  qoidem  cxemplura  est  ipsa  vis  centrifuga,  itemque  vis 
gravilatis,  pen  centripcta;  vis  etiam  qua  elastrum  tensum  se  restituere 
incipit.  Sed  in  percussione,  qnse  nascitur  a  gravi  jam  aliquamdiu  cadente, 
aut  ab  aruu  se  aliquamdiu  restitue  ite,  aut  a  sinuli  causa  vis  est  viva,  ex 
infinitis  vis  mortua;  impressionihus  continuati?  nata.  Et  hoc  est  quod 
Gnlilieus  voluit.  cum  oenigmatiea  Inquendi  lalione  percussionis  vim  infinitam 
dixit,  scilicit,  si  cum  simplice  gravitatis  nisu  comparetur.  Etsi  autem 
impetus  cum  vi  viva  semper  sit  conjunctus,  differre  taraen  hoec  duo,  infra 
ostendetur."" 

Not  content,  however,  with  denying  that  Leibnitz  said  that, 
whicli  his  own  works  prove  that  he  did  say,  your  reviewer  denies 
that  vis  viva  is  a  force  at  all,  and  says  that  it  is  a  mere  technical 
term  ;  Dr.  Whewell, '  -  however,  says,  "  The  vis  viva  of  a  body  in 
motion  is  a  force;"  and  Profe.=sor  Moseley,'-'  "  That  the  difference 
between  the  aggregate  work  of  the  accelerating  forces  of  the 
system,  and  that  of  the  retarding  forces,  is  equal  to  one-half  the 
vis  viva  accumulated  or  lost  in  the  system."  Therefore,  either 
your  reviewer  is  wrong,  or  else  both  Dr.  Whewell  and  Professor 
Moseley. 

He  next  states  that,  "in  the  second  problem  of  the  chapter  on 
Statics,  the  calculation  respecting  the  strain  on  tie-beams  and 
struts  is  totally  erroneous;"  to  which  I  answer  that  the  calculation 
w  correct,  and  that  your  reviewer  is  tvrnng  ;  as  he  will  iind  if  he 
refers  either  to  Tredgold,"*  Dr.  Whewell,'-^  Professor  Moseley, "^ 
or  Professor  Wallace,"  (who  quotes  from  Dr.  Gregory  the  vei-y 
prolilem  denounced  as  incorrect  J. 

Your  reviewer  then  extracts  the  following  proposition  relating  to 
the  centre  of  gravity  : — 

"  If  the  particles  or  bodies  of  any  system  be  moving-, 
uniformly  and  rectilineally,  with  any  velocities  and  di- 
rections whatever,  the  centre  of  gravity  is  either  at 
rest,  or  moves  uniformly  in  a  right  line  "  p.  193 

Emerson  says  :  "  If  two  or  more  bodies  move  uni- 
formly in  any  given  directions,  their  common  centre  of 
gravity  will  either  be  at  rest,  or  move  uniformly  in  a 
right  line."'" 

Dr.  Whewell  says:  "If  there  be  several  bodies, 
whii'h  either  all  attract  and  are  attraeted  iiy  a  sinele 
b(  dy,  or  all  attract  each  other,  these  also  will  move  in 
suili  a  manner  that  the  common  centre  of  gravity 
will  cither  remain  at  rest,  or  move  uniformly  in  a 
straight  line."'" 

He  then  asks  a  question  ;  "  Docs  the  author  mean  to  assert, 
that  if  two  bodies  be  moving  with  dift'ereiit  [uniform]  velocities 
in  straight  lines  perpendicular  to  each  other,  the  common  centre 
of  srnvitv  moves  in   a  straiirht  line?"     To  which   I   answer  very 

^    i'.Kriiiciiiitiy  I'lC'iliiit:  uii  AleL'Uuiiics,  p.  ti. 
s   A  course  of  Lei-tures  on  Nat.  Phil.,  vol.  2,  p.  37, 
9    Nfiv  Math,  and  I'hil.  Dictionary,— Art.  "  Vis." 
'  «  ritil.  antl  fllalh.  Dictioniiry,  vol.  2,  p.  -'(liH. 
11   (i.  G.  Leibiiitzii.  Opera  Omnia,  toni.  ;i   p.  ;U8. 
-J^  MeL'haiiifsof  KiiMint^rinK.  p.  192. 
18   MeCh.  Piia.of  EnguieerinB  and  Arch.,  p.  133. 
14  Klementary  IVincipleii  ot  Carpthtry.  p.  i*. 
»s   Eleminlary  Treatise  on   Meclianies.,  p.  y4. 
ifl  RlCLh   Prin.of  Kngitieering  iOfl  Arch.,  ;j,  424 
17  Practical  Knginefr's  I'oLket  Guide,  p.  17. 
1  n  Piinc'pWs  ol  Alcctiunics,  p.  fi6. 
•^O  On  Ihe  Free  Mutiun  ol  Puiuls,  p.  90. 


Your   reviewer 
•  merely  says:  "  This 
is  not  true." 


decidedly,  "  Yes,  I  do  ;  and  if  you  are  at  all  .sceptical  upon  the 
point,  if  you  refer  to  Emerson's  '  Principles  of  JVlechanics,"  p.  67, 
you  will  find  the  truth  of  my  answer  demonatrated." 

The  next  objection  of  your  reviewer  is  to  my  use  of  tl)e  term,  line 
of  rupture;  which,  liowever,  I  prefer  to  apply  to  the  actual  case  of 
rupture  of  the  ground,  which  takes  place  when  the  wall  falls,  and 
which  is  then  obviously  the  same  as  the  natural  slope  :  the  line  de- 
termining the  wedge  of  maximum  pressure  is  only  an  imaginary 
line,  and  not  that  on  which  the  ground  would  really  separate. 

Your  reviewer  has  quite  misunderstood  Dr.  Gregory,  when  he 
asserts,  that  the  conditions  upon  which  he  examines  the  stability 
of  an  aridi,  are  '"  that  there  are  only  two  joints  of  ru])ture,  e([ui- 
distant  from  the  crown,  the  loading  symmetrical,  and  the  piers  in- 
capable of  sliding,"  no  such  conditions  being  assumed,  or  indeed 
necessary. 

The  next  paragraph  of  your  reviewer  requires  no  comment  from 
me  ;  the  obvious  mis-quotation  of  my  words  does  as  much  violence 
to  common-sense  and  grannnatical  construction,  as  it  exhibits  the 
desire  to  pervert  tlie  meaning  of  what  I  actually  say. 

He  then  states  that  I  have  given  certain  experiments  (which 
he  extracts)  "  as  the  foundation  of  dynamics"  and  "  in  place  of 
an  enunciation  of  the  three  laws  of  motion,"  which  is  not  the  fact: 
I  have  merely  employed  them  to  illustrate  the  necessity  of  re- 
garding time  in  estimating  the  forces  of  moving  bodies :  see 
Atwood,""  Barlow,-'  and  Hutton.-^ 

Your  reviewer  next  linds  fault  with  my  using  the  expression, 
"  Each  particle  of  matter  resists  motion  ;  is  he  aware  that  Dr. 
Whewell--'  repeatedly  uses  a  similar  expression — "the  inertia  of 
the  particles  to  resist  the  communication  of  motion  ■"  and 'that  M. 
Poncelet,  in  the  introduction  to  his  Mccanique  Industrielle,  has  re- 
vived the  term  ris  inertiee,  and  has  associated  with  it  the  defini- 
tive idea  "  of  a  force  of  resistance  opposed  to  the  acceleration  or 
the  retardation  of  a  body's  motion." 

Your  reviewer  next  takes  objection  to  the  assertion,  that  (neg- 
lecting the  effects  of  friction)  if  a  body  suspended  from  a  fixed 
point  by  a  flexible  string,  have  its  path  altered  by  a  projecting 
pin,  it  will  rise  to  the  same  height  as  it  would  have  done  if  not  so 
intei'fered  with  ;  Dr.  Young,  however,  speaking  on  this  subject 
says  :  "  We  may  alter  the  form  of  the  path  in  which  it  descends, 
by  placing  pins  at  different  points,  so  as  to  interfere  with  the 
thread  that  supports  the  ball,  and  to  form  in  succession  temporary 
centres  of  motion;  and  we  shall  find  in  all  cases,  that  the  body  as- 
cends to  a  height  equal  to  that  from  which  it  descended,  with  a  small  de- 
duction on  account  of  friction."'-* 

After  stating  that  Dr.  Gregory's  definition  of  the  centre  of  gyra- 
tion is  "confused  and  inaccurate,"  although  identical  (as  he  will 
find  by  reference)  with  that  given  by  Dr.  Hutton,*'*  by  Emerson,^* 
and  by  Professor  Barlow,-^'  he  proceeds  to  show  by  reference  to  the 
^^ fable  of  the  wolf  and  the  lamb"  that  one  of  the  propositions  re- 
lating to  the  centre  of  gyration  cannot  be  correct,  and  arrives  at 
the  certain  conclusion  that  the  author  (as  also  Emerson,  from  whom 
the  same  proposition  is  takeii)  did  not  clearly  understand  the 
subject  on  which  he  wrote : — 


Etnerson's  Proposition, 
"  If  the  matter  of  any  gyrating 
body  were  actually  to  be  placed  in 
its  centre  of  gyration,  it  ought 
either  to  be  disposed  of  in  the  cir- 
cumference of  a  circle,  whose  radius 
IS  S  0,  or  else  into  two  points,  dia- 
metrically opposite,  equal  and  equi- 
distant from  S."-" 


Proposition  Criticised. 
"  If  the  matter  in  any  gyrating 
body  were  actually  to  lie  placed  as 
if  in  the  centre  of  gyration,  it  ought 
either  to  be  disposed  in  the  circumfer- 
ence of  a  circle  whose  radius  is  R, 
or  at  two  points  R,  R,'  diametrically 
op]iosite,  and  each  at  the  distance 
11  from  the  centre."   p.  230. 


Your  reviewer  next  informs  us  that  centrifugal  force  is  not 
always  "directed  towards  a  fixed  centre,"  in  which  I  perfectly 
agree  with  him,  and  am  not  aware  that  any  person  has  stated 
the  contrary. 

He  then  points  out  an  error  of  Dr.  Gregory's,  relating  to  fly- 
wheels, which  had  escaped  my  observation,  and  one  of  my  own,  in 
equation  (I)  page  .'i7:i,  which' sliould  read  \  LP,  =  E(5  +  A);  but 
which  fortunately  does  not  aft'ect  any  other  part  of  the  subject. 
He  then  states  that  the  total  forces  of  longitudinal  compression 
and  tension  are  equal  and  opposite  ;  this  i.s,  however,  only  the 
case  when  the  apjilied  forces  are  perjiendicular  to  the  beam,  for  when 


20  A  Treatise  on  the  Itectilinear  Motiirn  and  liotation  of  B«idieSi  p.  .*i5. 
2  1   New  aiuth.  and  Phil.  Oittionary, — Art.  "Force." 

22  Phil,  and  fllaih.  Pictionavy,  vol.  I,  p.  .')3.'5. 

23  Itlechiinlcs  ol  Knglhceriiip,  p.  13i. 

24  A  course  of  Lectures  on  Nut.  Phil.,  vcl.  1,  p.  43. 

25  Phil,  and  Malh.  IJictioiiary,  vol.  l,p. '_W. 

26  Principles  ul'  Altchtin  C9.  p    HI. 

X7  New  Math,  and  Phil.  D.ciiunary.— Art.  "Centre  of  Gyration ;"    and  Encydo- 

piedia  filet  ,— Art.  "flle.h.nics,"  vol.  3,  p.  134. 
2  8  Priuciples  of  Mechanics,  p.  83. 
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inclined  at  any  an^le,  Professor  Moseley  has  shown  that  the 
difference  of  the  forces  of  compression  and  tension  is  equal  to  the 
resultant  of  the  applied  forces  multiplied  hy  the  sine  of  the 
an^le  which  it  makes  witli  the  normal  to  the  neutral  line  at  the 
point  of  rupture.-" 

In  conclusion,  if  your  reviewer  is  right,  it  follows  that  Dr. 
Mutton,  Dr.  Young-,  Professor  Barlow,  Dr.  Whewell,  Professor 
Moseley,  Professor  Wallace,  Emerson,  and  Tredgokl,  one  and  all 
of  them,  must  be  wrong  ;  but  I  think  that  any  reasoning  man  will 
require  something  more,  to  convince  him  that  the  laboured  demon- 
stration of  these  men,  who  have  hitherto  justly  been  regarded  as 
high  authorities  on  the  subject,  are  false,  than  the  mere  denial  of 
an  individual  writer.  Considering,  then,  with  whom  it  is  that  your 
reviewer  is  at  issue, — not  with  Dr.  Gregory  and  me,  but  with  all 
the  first  mechanical  and  mathematical  writers  who  have  lived, — 
would  it  not  have  been  wiser,  had  he  assumed  a  little  less  positive 
tone  in  his  attempts  to  lay  down  the  law  ? 

I  remain,  &c., 

London,  July  15,  184.8.  Henry  Law. 


*  „.*  Mr.  Law  cannot  accuse  us  of  want  of  good  nature,  for  we  print 
his  letter  at  full  length.  We  had  unoriginal  ])reiudice  against  Dr. 
Gregory's  book.  The  author  has  a  kind  of  celebrity  from  his  position 
at  M'oolwich,  and  from  having  written  copiously,  which,  though  he 
has  not  made  a  single  step  in  the  advancement  of  science,  led  us 
to  imagine  him  capable  of  compiling  a  book  like  the  present  with- 
out gross  and  systematic  blundering.  The  first  two  or  three  mis- 
takes occasioned  a  little  surprise,  but  were  charitably  attributed  to 
inadvertance.  It  was  only  slowly  and  reluctantly  that  we  yielded 
to  the  conviction,  that  the  book  was  radically  and  essentially  erro- 
neous, and  that  a  real  mathematician  could  not  by  any  chance 
have  written  it. 

Still,  we  clung  to  the  hope  that  Mr.  Law  was  guiltless  of  the 
various  delinquencies  to  which  he  had  given  liis  editorial  sanction. 
It  was,  at  least,  a  good-natured  excuse — a  pious  fraud,  to  delude 
ourselves  and  readers  with — that  he  had  uttered  false  coin,  not 
well  knowing  it  to  be  spurious.  Alas!  even  this  pleasing  self- 
delusion  is  destroyed. 

The  various  subjects  of  discussion  are  not  questions  of  autho- 
rity, but  of  reason.  If  Newton,  Lagrange,  and  Laplace  were  to 
arise  from  the  dead,  and  assure  us  that  they  had  discovered  the 
ordinary  multiplication  table  to  be  incorrect,  not  even  their  united 
testimony  would  produce  conviction  in  our  minds.  M'^e  may  as 
well  set  out  by  avowing,  that  if  those  illustrious  names  were 
quoted  in  support  of  Dr.  Hutton  and  Mr.  Law.  even  they  would 
not  produce  the  slightest  change  in  our  convictions.  We  should 
feel  perfectly  certain  that  their  words  were  misquoted,  or  strained 
beyond  their  intended  signification,  or — (out  it  must  come)  that 
they  had  lost  their  wits  ! 

Our  task  is  a  very  simple  one  as  regards  the  definitions  ;  it  is 
to  refer  Mr.  Law  to  books  in  which  he  will  find  them  correctly 
laid  down.  That  Barlow,  Hutton,  and  Young,  have  fallen  into  the 
same  mistakes  as  Dr.  Gregory,  only  corroborates  an  opinion  inde- 
pendently arrived  at — that  they  were  just  the  men  to  do  so.  The 
distinctions  between  the  cycloid  and  the  trochoid  are  given 
correctly,  and  in  exact  accordance  with  our  criticism,  in  Hall's 
"Differential  Calculus,  and  in  page  137  of  the  "Examples  on  the 
Differential  Calculus,"  by  the  late  D.  F.  Gregory,  fellow  of  Trinity 
College,  Cambridge,  one  of  the  most  profound  analysts  in  Europe 
— and  therefore  a  very  different  mathematician  to  Dr.  Gregory  of 
Woolwich. 

Professor  Peacock,  in  Iiis  cidlection  of  Examples  on  the  Cal- 
culus, distinguishes  in  a  similar  manner,  between  the  cycloid  and 
trochoid.  The  other  curves  in  question  are  thus  defined  by  him, 
page  192  :— 

**  If  one  circle  revolve  iipon  annllier  as  its  base,  and  in  (lie  same  plane 
with  it,  it  i>  railed  the  Ejiitrocliinil,  wliicli  beromes  the  Epiviiildid  when 
the  (iescrihinj;  point  is  in  the  Circiiinference  of  tlie  re^olviii;;;  circle.  If  a 
circle  jeviilve  in  a  similar  inaiiner  opon  the  coucuve  part  of  ilie  circunifer- 
etic.e  of  anolier  eiule,  the  curve  de^criheri  by  a  point  iii  its  plane  is  called 
X\\e  Hil]iotrocltuid,  which  becuiiies  the  HijiiocyrluiU  \\\:ea  tliat  poiul  is  iu 
liie  cireiinifei-etiee." 

The  definition  of  equilibrium  criticised  by  us,  begins  "When 
forces  that  act  upon  a  body  destroy  or  annihilate  each  other's 
operation,  so  that  the  body  remains  quiescetit  "  &c.  If  the 
words  "  so  that "  have  the  meaning  generally  adopted  by  persons 
who  speak  and  write  the  English  language,  it  is  here  asserted  that 
if  the  forces  acting  on  a  body  destroy  each  other's  operation,  the 
body  must  be  at  rest.     It  is  wearying  to  have  to  repeat  the  cor- 

=2B  Mecb.  Friu.  0.  i-uginejiiug  a  id  Arcii.,  p.  4J^* 


rectioTi  of  so  obvious  a  blunder,  but  we  have  again  to  tell  Mr. 
Law,  that  the  case  of  uniform  motion  has  been  carelessly  over- 
looked by  his  author.  On  Dr.  Whewell's  authority,  it  is  declared 
that  statical  forces  are  called  pressures;  but  he  does  not  deny 
what  we  asserted,  that  dynamical  forces  are  called  pressures  also  ; 
.repeated  instances  of  such  a  use  of  the  expression,  may  be  found 
in  his  works. 

Dr.  Gregory's  assertion  as  to  the  manner  in  which  Leibnitz  used 
the  term  ins  viva,  is  said  to  be  confirmed  by  Barlow  and  Hutton. 
However,  we  need  not  inquire  at  second-hand  what  Leibnitz  said, 
or  did  not  say,  because  his  very  words  are  quoted  at  length.  Now, 
does  Mr.  Law  really  mean  to  assert  that  in  the  Latin  quotation 
»>!>  viva  is  called  a  force  ?  If  so,  all  we  can  reply  is,  that  he  dis- 
plays considerable  fortitude  under  trying  circumstances. 

The  Latin  quotation  first  specifies  the  cases  in  which  the  two 
things  called  tiw  mortua  ani  vis  viva  respectively  exist — the  former 
where  there  is  no  motion,  and  the  latter  where  there  is  motion. 
Then  it  is  added,  that  "  where  a  body  has  been  some  time  falling,  or 
a  bow  has  been  some  time  unbending  itself,  or  in  any  similar  case, 
there  is  via  viva,  generated  from  the  continued  infinite  impressions 
of  vii  mortua," — a  perfectly  distinct  recognition  of  the  truth  which 
we  assei'ted,  that  vis  viva  is  not  force,  but  something  generated  by  it. 
Of  course,  the  true  interpretation  of  the  phrase  must  be  obtained 
from  the  context — not  from  an  arbitrary  translation  of  the  word 
vis,  which  has  a  great  diversity  of  meanings. 

Professor  Moseley's  statement  of  the  principle  of  ««*■  viva  is  so 
clear,  that  it  is  really  marvellous  that  Mr.  Law  did  not  perceive 
that  he  quoted  an  authority  decisive  against  him.  He  says  vis 
viva  is  a  force  ;  Moseley,  that  it  is  equal  to  a  certain  amount  of 
work  of  forces  :  "  work"  being  pieviously  explained  to  be  the  pro- 
duct of  force  and  distance.  It  is  also  important  to  remark,  that 
vis  viva  is  not  said  to  he  work,  but  to  be  equal  to  work.  Twenty 
shillings  are  equivalent  to  a  sovereign,  bMt  they  are  not  a  sovereign, 
but  difler  from  it  iu  weight,  size,  colour,  and  almost  every  other 
particular,  except  current  value. 

We  will  follow  the  example  of  printing  the  contradictory  state- 
ments side  by  side.  The  case  then  between  the  authority  last 
quoted  and  our  present  correspondent,  stands  thus  : — 

Mr.  Law. 
viva   of    a   bmly 


Vis  viva  of  a  bmly  "  is  the 
WHOLE  mechanical  effect  which  it 
will  produce  ia  being  brought  to  a 
state  of  rest." 


Professor  Moseley. 
**  The  dilferenee  betweeo  the  ag- 
jjregale  work  of  the  accelerating 
forces  of  the  system  and  that  of  the 
retdrding  forces  is  equal  to  one- 
half  tlie  risvira  accumulated  or  lost 
in  the  system." 

The  discrepancy  between  "  the  whole"  in  the  one  quotation,  and 
the  "one-half"  in  the  other,  would  be  a  fatal  objection  to  Mr» 
Law's  views  if  no  other  existed. 

The  following  definitions,  in  which,  be  it  observed,  "force"  is 
not  even  mentioned,  are  conclusive  as  to  the  use  of  the  phrase  vis 
viva  among  modern  mathematicians  :— 

"The  ris  rica  of  a  particle  is  the  product  of  its  mass  and  the  square 
of  its  velocity."  — Karnshaw's  Dynamics,  page  177. 

**  Since  the  publication  of  D^AIemberv's  work,  the  term  ris  rira  has 
been  used  to  signify  merely  the  algebraical  product  of  the  mass  of  a 
movin;;  body  and  the  square  of  its  velocity." — Walton's  Mechauicat 
Problems,  page  3»7. 

"the  sum  of  .11  the  bodies  of  a  system  each  multiplied  into  (he  square 
of  its  velocity  is  called  the  ris  rivii  of  the  system." —\Vliewell'&  Elemea- 
tary  Treatise  on  Mechanics,  page  292. 

"  The  term  vis  viva  is  slili  used  to  express  the  product  of  the  mass  and 
the  square  of  the  velocity."  — Pratt's  Mechanical  Philoscipliy,  page  202. 

"  l)u  appelle/oite  vive  d'un  point  materiel,  ou,  plus  j;e  .^lalement,  d'un 
corps  donl  tons  les  poin's  onl  les  meme  vilesse,  le  produitdeson  masse  par 
le  cane  de  celte  vitesse." — I-'oisson  'I'lait^  de  IM^caniqiie,  (oiii.  if.,  page  29. 

The  proposition  respectingtie-beams  was  condemned  by  usbecause 
some  of  the  forces  acting  on  the  beam  and  strut  areneglected ;  and  we 
showed  as  corroboratory  proof  of  the  incorrectness  of  the  solution, 
that  it  led  to  an  absurdity.  Of  all  tliis  our  correspondent  takes 
no  notice  ;  but  refers  us  to  Professors  Moseley  and  Whewell.  If 
both  these  references  were  relevant,  which  they  certainly  are  not, 
they  would  not  justify  a  palptible  and  obvious  error  ;  and  we  must 
tell  Mr.  Law  plainly,  that  we  should  have  had  far  more  respect 
for  hiin  as  an  opponent,  if  he  had  made  the  necessary  correction, 
instetul  of  endeavouring  to  transfer  the  blame  to  authorities  no 
way  involved  in  it.  As  for  Professor  Wallace's  adoption  of  the 
problem,  we  can  only  say  that  in  this  instance  he  has  made  an  un- 
forttinate  selection. 

By  inserting  the  word  "uniform,"  in  quoting  our  remarks  upon 
page  193  of  the  "  Mathematics  tor  Practical  Men,"  Mr.  Law 
makes  us  talk  nonsense.     However,  we  freely  admit  that  we  hei& 

33* 


a<8 


THE  CIVIL  P:NGINEER  ANi>  AKCHITECT'S  JOURNAL. 


I  AudOBT 


inadvertently  mistook  the  purport  of  one  of  Dr.  (Gregory's  sen- 
tences, and  though  what  we  said  was  true,  omitting  the  word 
which  Mr.  Law  forces  upon  us.  Or.  (iref^oiy's  sc^iitence  emVA  that 
word  is  perfectly  correct  also.  Mr.  Law  unnecessarily  injures  his 
case  hy  a  <|uotation  from  Dr.  Whewell,  which  has  not  the  remotest 
connection  with  the  suhject.  Dr.  Whewell  speaks  of  accelerated 
velocities  in  tlie  several  bodies:  Kmerson  and  (Jrefjory,  <pf  uniform 
velocities  only.  The  law  stated  hy  the  two  latter  depends  for  its 
proof  on  wholly  different  principles  to  that  enunciated  hy  the 
former.  The  connection  between  them  wliich  Mi-.  Law  attempts 
to  establish,  is  of  that  kind  whicli  exists  between  the  1st  of 
March  and  the  foot  of  Londoii-hridffe.  We  have  not  the  slightest 
objection  to  let  the  whole  dispute  between  us  and  our  correspon- 
dent rest  on  tlie  reply  ufdiiij  real  mathematician  to  this  (pjestion  : — 
Does  not  this  attemi)t  to  confound  two  principles  essentially 
different  display  either  the  most  profound  ignorance  or  the  most 
hopeless  confusion  of  thought  respecting  the  science  of  exact 
mechanics?  If  Mr.  Law  can  get  ojic competent  umpire  to  answer 
that  question  in  his  favour,  we  will  give  up  the  wh(de  controversy. 

The  idea  respecting  the  natural  .s/opn  has  the  merit  of  originality. 
Mr.  Law  •■  prefers"  giving  it  a  meaning  which  it  has  not  hitlierto 
received.  He  says,  the  natural  sh)pe  is  the  slope  along  which  rup- 
ture would  take  place  if  the  revetement  wall  were  removed.  Now, 
the  definition  of  natural  slope,  as  ordinarily  used,  is  that  it  is  the 
very  slope  along  which  rupture  cannot  take  place — its  friction  being 
just  capable  of  sustaining  the  superincumbent  mass  without  the 
assistance  of  the  wall. 

We  are  next  said  to  have  misunderstood  Dr.  Gregory  respecting 
the  conditions  on  which  he  discusses  one  of  the  cases  of  the  equi- 
librium of  arches.  This  is  mere  assertion.  We  repeat  the  coun- 
ter-assertion, that  in  the  case  referred  to,  conditions  are  assumed 
which,  (|uite  independently  of  all  statical  considerations,  render  it 
impossible  that  the  arch  from  its  mere  form  could  he  overturned. 
Mr.  Law  says  that  "  no  such  conditions  are  assumed,  or  indeed 
necessary."  Not  necessary,  indeed  !  Why,  they  make  Gregory's 
lucubrations  nonsense.  Does  Mr.  Law  mean  to  infer,  that  sometimes 
it  is  necessary  that  Gregory  should  talk  nonsense  ? 

Then  follows  an  accusation  against  us,  of  having  maliciously 
misquoted  and  j)erverted  the  words  of  the  book  under  review. 
The  best  answer  to  personality  is  silence. 

With  regard  to  the  '•  careful  and  often-repeated  experiments" 
whicli  Mr.  Law  asserts  to  have  been  repeatedly  made,  we  have 
already  explained,  as  clearly  as  vve  could,  the  confusion  here  made 
between  mechanical  experiment  and  pure  geometrical  measure- 
ment of  distances.  Tlie  words,  "  uniformly  retarding  force," 
involve  the  very  conclusion  which  is  declared  to  be  the  result  of 
numerous  trials ;  just  in  the  same  way  that  the  first  proposition  in 
Euclid  is  a  pure  deduction  from  his  definitions.  Experiment  wouMi 
be  as  preposterous  in  the  one  case  as  the  other. 

The  following  quotations,  the  former  from  Moseley's  Principles 
of  Engineering,  the  latter  translated  literally  from  Poisson's 
Traite  de  Me'caniipie,  are  offered  in  a  faint  hope  of  clearing  Mr. 
Law's  ideas  respecting  the  resistance  of  inertia : — 

"  So  many  ililIiuMJUes,  hoHcver,  opposi;  Ihcinselvis  lu  the  iutroiiuclion 
of  the  leim  vis  uurtite,  associated  wuli  llic  deliiiilive  idea  of  au  opposiiip; 
force,  inlo  llif  iliscussion  of  (incsllons  of  niecliaiiics,  that  il  lias  iipjieand 
to  the  amiiorof  this  work  desirable  to  avoid  it."— I'liiiciples  of  lingiueeriui;, 
page  vill. 

"It  is  iniporlaiit  to  reclify  an  inoxnct  I'xprcssion,  « iiich  is  ofien  em- 
ployed and  li-iids  Id  a  coiifiisiuii  of  ideas.  Iiiia};uie  tliat  a  body  i;  placed 
on  a  liorizoiilai  plane,  and  that  it  is  not  retained  liy  any  friction.  If  1  wish 
to  make  il  slide  on  this  plane,  it  is  nevertheless  necessury,  on  aeconnt  of 
the  inertia  of  the  matier,  that  I  exert  some  eflorl  ;  if  to  this  body  he  added 
a  second,  then  a  Ihird,  &c.,  it  is  necessary  ihat  1  employ,  to  produce  the 
same  degree  (if  motion,  a  force  more  and  more  eiinsirlerable.  1  thall  in 
eacii  case  experience  a  sensalion  of  the  (Hon  which  I  shall  he  obliged  lo 
exert;  hut  I  must  not  llience  conclude  that  the  m.ilter  opposes  any  resist- 
ance to  ihis  elfirt,  iiiic!  Hint  there  exists  ill  the  bodies  what  is  veryimpro 
perly  termed  risistiincc  nf  ineilia.  When  any  one  expresses  himself  in  this 
manner,  he  cimlounds  the  sensation  wl.ieli  he  has  experienced,  and  which 
results  Iroiii  the  ellcirl  which  he  has  made,  willi  ilie  sensation  of  a  resist- 
ance which  does  nut  exist."— Traite  lie  Mecniiiipie,  No.  120. 

Respecting  the  problem  of  the  weight  oscillating  at  the  ex- 
tremity <if  a  flexible  string,  Mr.  Law  himself  shall  be  umpire,  if  he 
will  ])romise  to  make  the  following  experiment ;— Let  the  oscillating 
weight  descend  a  vertical  distance  of  one  foot,  and  let  the  peg 
interfere  with  the  string  at  a  distance  of  one  inch  from  the  weight. 
If,  then,  he  find  the  string  so  accommodating  ;is  to  stretch  itself 
out  the  odd  eleven  inches,  necessary  to  permit  the  weight  to  rise 
to  the  former  height,  we  will  acknowledge  ourselves  beaten. 

The  propositions  printed  side  hy  side  after  the  next  paragraph, 
amount  to  this  :  If  a  body  he  in  one  place,  quoth  Emerson,  it  ought 
to  be  somewhere  else.     To  which  Dr.  Gregory  responds,  Amen. 


From  the  manner  in  which  Mr.  Law  meets  our  criticism  upon 
his  author's  erroneous  definition  of  centrifugal  forces  we  infer 
that  he  finds  there  is  no  tenable  defence.  He  also  candidly  acknow- 
ledges two  other  mistakes,  and  therefore  we  have  nothing  further 
to  say  of  them.  Our  remark  on  the  equality  of  the  total  forces  of 
compression  and  tension  in  a  beam,  were  manifestly  restricted  to 
the  particular  case  under  examination — that  where  there  are  not 
appreciable  horizontal  forces  .-icting  externally  (ui  the  beam. 

It  is  important  lo  observe,  that  throughout  Mr.  Law's  letter  he 
never  discusses  any  question  on  il.s  own  merits.  He  contents  him- 
self with  apjiealing  to  authorities.  This  course  is  at  least  dexterous 
fur  with  the  unlearned  an  array  of  imposing  names  is  but  too  apt 
to  carry  conviction.  The  authorities  quoted  are,  however  easily 
disposed  of:  several  of  them  are  of  little  weight  when  opposed 
as  we  have  shown  them  in  several  instances  to  be,  to  the  most  pro- 
found continental  writers.  The  re.st  of  the  citations  are  either 
irrelevant,  or  make  directly  against  Mr.  Law's  tenets.  Had  he 
suffered  the  contrtnersy  to  rest  on  its  own  abstract  merits  our 
task  would  have  been  more  easy  to  ourselves,  and  more  satisfac- 
tory to  the  cause  of  truth.  It  would  be  an  insult  to  his  under- 
standing, to  suppose  that  he  did  not  perceive  that  many  of  the 
errors  which  he  defends  hy  quotations  w  ere,  in  reality,  indefensible 
in  any  other  way.  Casuistry  and  perverse  ingenuity,  however  well 
suited  for  mere  disputation,  are  never  the  weapons  of  a  man  of 
science. 

Mr.  Law  seems  very  fond  of  appealing  to  Woolwich  Pro- 
fessors. Why  did  he  not  <piote  Mr.  Davies  or  Mr.  Rutherford- 
gentlemen  who  have  acquired  for  themselves  reputations  not  con- 
fined to  the  regions  of  Woolwich.?  It  is  veiy  unfortunate,  that 
the  only  two  works  written  by  Woolwich  mathematicians  which 
we  have  lately  had  to  review,  have  been  anything  but  very  credit- 
able to  the  scientific  character  of  that  institution  ;  and  this  is  the 
niore  to  be  regretted,  since,  as  we  have  already  hinted,  inaccuracy 
in  conceiving  physical  ideas,  and  clumsiness  in  developing  them 
analytically,  are  not  common  to  all  the  Professors — at  least  to  all 
the  Teachers — of  the  Royal  Academy. 


SANITARY  LAWS  AT  HOME  AND  ABROAD. 

The  most  destructive  scourges  of  the  human  race  are  the  epi- 
demics and  contagious  diseases  produced  by  a  polluted  atmosphere, 
and  the  congregation  of  men  in  crowded  cities.  Famine  and  the 
sword  slay  their  thousands — the  pestilence  that  walketh  at  noon- 
day and  in  darkness  its  tens  of  thousands.  The  ravages  of  war 
and  want  are,  partially  at  least,  within  human  control;  but  when 
the  de.stroying  angel  comes,  borne  on  the  breath  of  "  quick  pes- 
tilence," human  skill  and  energy  are  all  but  powerless  against 
him  This  sudden  destruction,  moreover,  is  not  all  that  is  caused 
by  the  infected  air  and  artificial  habits  of  populous  places.  The 
maladies  indirectly  induced,  the  remote  consequences  of  a  morbid 
habit  of  body  which  renders  it  a  kindly  soil  for  the  future  seeds 
of  death,  the  degeneracy  of  sickly  offspring  who  reap  in  a  later 
generation  the  bitter  fruit  sown  by  their  parents — these  are  among 
the  penalties  which  the  denizens  of  large  towns  too  often  pay  for 
inhaling  the  hot  vapours  of  the  foundry  or  furnace,  or  breathing 
the  stagnant  air  of  crowded  courts  and  lanes,  where  overhanging 
house  tops  shut  out  the  pure  breath  of  heaven. 

Prevention  is  almost  the  sole  defence  against  these  evils;  for 
when  once  dcveloiied,  they  :ire  either  too  sudden  or  too  deeply 
rooted  to  :idmit  of  effectual  remedy.  A  curious  chapter  in  the 
history  of  the  internal  economy  of  states  is  that  which  the  various 
sanitary  provisions  adopted  uniler  different  forms  of  government. 
Nations  working  for  the  same  end,  the  public  health,  seek  it  by  en- 
tirely different  means.  On  the  ('oiitiuent,  where  the  rights  and 
liberties  of  individuals  seldom  constitute  a  serious  obstacle  to  State 
purposes,  the  most  stringent  sanitary  regulations  have  long  existed 
and  the  surveilhince  of  jiolice,  which  is  almost  unknown  in  Eng- 
land, constitutes  the  principal  means  of  effecting  them.  Here, 
the  public  jealousy  of  state  iiiterference,  and  a  sensative  regard 
for  the  rights  of  property,  have  long  prevented  the  institution  of 
a  general  organised  .sanitary  system.  The  Public  Health  Act, 
which  will  soim  he  the  law  of  the  land,  makes  the  first  provision 
for  such  a  system  in  Englaml ;  and  it  becomes,  therefore,  interesting 
to  compare  it  with  the  machinery  adopted  for  the  same  purpose  by 
our  continental  neighbours. 

The  Public  Health  Act  comprises  two  part.s,  the  construction  of 
n.  new  Central  Board  of  Health  to  put  it  in  motion,  and  of  Aoca/ 
Boards,  for  the  purpose  of  carrying  its  details  into  effect.     As  the 
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functions  of  these  former  and  latter  are  entirely  distinct,  they  may 
be  stated  separately. 

The  Central  Board  of  Health  consists  of  three  commissioners, 
and  the  President  is  the  first  Commissioner  of  the  Woods  and 
Forests  for  the  time  being.  These  commissioners,  upon  the  peti- 
tion of  one-tenth  of  the  rated  inhabitants  of  any  town,  may  direct 
an  examination  as  to  its  sewerage,  drainage,  supply  of  water,  &c.  ; 
and  after  hearing  the  representations  of  parties  locally  interested, 
may  report  to  lier  Majesty.  An  order  in  Privy  Council  may  then 
be  made,  directing  the  application  of  tlie  Act  in  cases  wliere 
existing  local  Acts  are  not  infringed  upon,  and  the  local  boundaries 
are  intended  to  remain  unaltered.  This  order  simply  directs  that 
the  Act,  or  any  part  thereof,  is  to  be  put  in  operation. 

Where,  however,  it  appears  necessary  to  alter  the  constituted 
local  boundaries  for  the  purposes  of  the  Act,  or  to  apply  it  in  cases 
where  local  improvement  acts  already  exist,  the  order  in  council  is 
not  made  ;  but  the  General  Board  of  Health  have  power  to  make 
such  a  /jrnvisional  order  for  tlie  application  and  execution  of  the 
Act  as  they  may  deem  fit.  This  provisional  order  cannot  be  carried 
into  effect  until  it  have  been  sanctioned  by  Parliament.  The  orders 
issuing  either  from  the  Privy  Council,  or  from  the  General  Board 
of  Health  may,  from  time  to  time,  he  amended  or  extended,  after 
due  notice  to  ])crsons  locally  interested. 

The  only  other  functions  of  the  General  Board  are  to  determine 
appeals  from  certain  decisions  of  local  general  boards,  and  to  regu- 
late intra-mural  interments,  by  certifying  upon  the  representation 
of  the  local  boards,  tliat  certain  places  of  interment  are  dangerous 
to  liealth,  and  appointing  a  time  after  which  it  ceases  to  be  lawful 
to  bury  in  such  places. 

The  Local  Boards  have  much  more  diversified  duties.  When 
the  whole  of  a  district  formed  under  this  act  is  within  a  corporate 
borough,  the  corporation  constitutes  the  local  board.  In  other 
cases,  it  is  selected  by  rate-payers.  The  offices  assigned  to  it  are 
principally  these — to  appoint  inspectors  of  nuisances  and  officers  of 
health — to  prepare  maps  exliibiting  a  system  of  sewerage — to  as- 
sume the  control  of  public  sewers,  and  purchase  private  sewers — 
to  alter,  exteiul,  and  cleanse  the  same — to  cleanse  and  water  public 
streets — to  provide  public  necessaries — to  register  or  provitle  and 
regulate  slaugliter-Iiouses — to  prevent  (subject  to  an  appeal  to 
the  general  board)  the  establishment  of  noxious  manufactures, 
and  the  erection  of  churches,  hospitals,  factories,  or  any  other 
large  building,  without  proper  means  of  ventilation — to  register, 
and  if  necessary,  cleanse,  or  disinfect  common  lodging-liouses — 
to  restrict  the  use  of  under-ground  cellars  as  dwelling-rooms — to 
level  and  pave  streets — to  move  water  or  gas  pipes,  provided  tliat 
their  use  and  efficiency  be  unaft'ected — to  prevent  (subject  to  ap- 
peal to  the  General  Board)  the  laying  out  new  streets  of  ob- 
jectionable width  and  level — to  purcliase  premises  for  tlie  jiurpose 
of  widening  streets — to  provide  public  walks  and  pleasure-grounds 
— to  construct  water-works — to  compel  occupiers  of  liouses  to 
receive  a  proper  supply  of  water — to  supply  cisterns  and  conduits 
for  gratuitous  use — and  to  levy  rates  for  the  purposes  of  tliis  act. 
In  cases  of  damage  by  the  acts  of  the  Local  Board,  compensation 
is  to  be  made ;  and  if  its  amount  be  disputed,  it  is  to  be  settled  by 
arbitration.  The  bye  laws  of  the  local  boards  are  to  be  sub- 
mitted to  tlie  Secretary  of  State  for  the  Home  Department  for  his 
approval. 

It  will  be  seen  that  in  the  actual  administration  of  the  act,  little 
or  nothing  is  assigned  to  the  Central  Board.  The  power  is  almost 
entirely  in  the  hands  of  the  Local  Board,  which  is  not  amenable 
to  the  (Jeneral  Board  for  acts  of  omission  or  commission,  except 
in  one  or  two  instances  above  referred  to,  in  which  appeal  may  be 
made.  And  as  the  Local  Boards  are  popularly  selected,  the  power 
of  putting  the  act  in  force  ultimately  belongs  to  the  great  body 
of  inliabitants  of  the  districts  affected.  There  seems,  tlierefore, 
little  reason  to  fear  that  people  will  be  compelled  to  be  ck»an,  and 
drink  wholesome  water,  and  breathe  fresh  air,  against  their  own 
free-will  and  consent. 

On  the  Continent,  however,  tlie  popular  voice  is  not  heard  on 
these  questions ;  and  the  power  of  enforcing  measures  for  public 
health,  is  vested  almost  exclusively  in  central  or  government 
boards.  It  must  be  acknowledged  that,  notwithstanding  the 
greater  stringency  of  sanitary  regulations  with  France  and  Ger- 
many, the  practical  effects  of  them  have  been  even  more  imperfect 
than  in  England.  In  Paris  and  Vienna,  the  sewerage,  drainage, 
paving,  lighting  and  cleansing  of  streets,  are  far  less  complete  than 
in  London.  On  the  other  hand,  our  neighbours  have  local  advan- 
tages wanting  here.  The  boulevards,  and  other  public  walks  of 
Paris,  are  far  more  extensive  in  relation  to  the  number  of  the 
population,  than  the  parks  of  London ;  and  are  also  more  easily 
accessible  on  iiccount  of  the  leas  size  of  the  former  city.     There 


are  no  cattle  markets  within  Paris,  and  the  slaughter-houses  are 
removed  to  the  suburbs.  Vitriol  iii:;nnfactorie.s,  and  similar 
abominations,  are  not  suffered  to  pour  their  pestilential  vapours 
into  the  very  heart  of  the  city,  nor  consume  human  life  and  vege- 
tation as  they  do  in  the  close  vicinity  of  this  metropolis.  Intra- 
mural burials  have  long  been  prohibited  in  Paris,  and  are  of  very 
rare  occurrence. 

The  sanitary  state  of  the  capitals  of  France,  Austria,  and  Eng- 
land, is  partially  indicated  by  the  rate  of  annual  mortality.  It 
appears  from  the  returns  of  the  Registrar-General,  published  in 
18 15,  that  the  average  annual  mortality  for  every  hundred  inha- 
bitants of 

Vienna,  is  about  4-898  per  cent. 

Paris  (department  of  the  Seine)  ...  3'038 
London    2-392 

But,  of  course,  the  rate  of  mortality  is  influenced  by  many  other 
considerations  besides  sanitary  regulations;  the  vicissitudes  of 
climate  and  the  habits  of  the  people  having  important  effects  on 
the  duration  of  life. 

It  is  comparatively  recently,  that  Paris  assumed  the  appearance 
of  a  well-lighted  and  well-paved  city.  The  idea  of  paving  it  is 
said  by  Foedere',  a  copious  writer  on  the  hygiene  of  France,  to  have 
originated  with  Philip  Augustus,  who,  looking  out  of  his  palace 
windows  one  rainy  morning,  and  surveying  the  marshes  in  which 
his  capital  was  built,  conceived  the  brilliant  idea  that  it  would  be 
a  convenience  to  himself  and  subjects  to  walk  upon  dry  ground. 
So  early  as  1486  an  ordonnance  of  the  Prevot  of  Paris  prohibits  the 
erection  of  noxious  and  offensive  manufactories  within  the  town  ; 
and  the  records  of  French  municipal  law  refer  to  many  subsequent 
regulations  of  a  similar  kind.  No  very  effectual  or  important 
measures  seem,  however,  to  have  been  taken  till  after  the  great 
revolution  ;  and  to  Napoleon,  the  most  uncompromising  of  re- 
formers, is  due  the  credit  of  founding  the  present  system  of  law 
regarding  public  health.  His  attention  having  been  directed  to 
the  insufficiency  of  the  existing  laws  on  the  subject,  the  Academy 
of  Sciences  was  consulted,  and  the  class  of  physical  and  mathema- 
tical science  reported  to  the  Government,  on  the  effects  of  various 
manufactures  on  the  health  of  the  people.  On  this  report  was 
founded  an  imperial  decree  of  1810,  subsequently  confirmed  by  a 
royal  ordonnance  of  1815,  which,  with  some  modifications  suggested 
by  subsequent  experience,  constitutes  the  modern  sanitary  code  of 
Paris.  For  an  account  of  it  we  have  consulted,  amongst  other 
works,  that  of  Fa>dere,  last  cited  ;  Trebuchet' s  Code  Adminislratif 
des  Establisscnienn  dangtreusen  et  insnlulires  (8vo.,  Paris,  1832); 
Parent  Dur.hatelet' s  Prostitution  dans  te  Ville  de  Paris  (8vo.,  Paris, 
1836)  ;  and  the  Hi/yi'ne  Publique,  of  the  same  author. 

The  principal  feature  of  the  decree  of  1810  was  the  division  of 
noxious  and  offensive  trades  and  manufactures  into  three  classes, 
the  first  consisting  of  those  so  prejudicial  to  life  and  vegetation  as 
to  be  required  to  be  moved  to  a  distance  from  human  habitations ; 
the  second  and  third  of  those  noxious  in  the  less  degrees.  The 
distinctions  between  these  three  classes  are  carefully  defined,  and 
the  exactness  of  the  definition  is  practically  of  great  importance, 
as  the  mode  of  applying  for  licenses  for  their  establishment  are 
different  for  each.  The  formalities  necessary  previous  to  the  erec- 
tion of  a  manufacture  of  the  first  or  most  dangerous  class  are  very 
numerous  and  stiingent.  After  notice  publicly  advertised  of  the 
intended  application  for  license,  the  Mayor  of  the  commune  (or  in 
Paris  tlie  Commissai-y  of  Police),  reports  on  the  nature  of  the 
localities  infected,  the  distance  of  habitations,  and  the  character 
of  the  processes  to  be  employed.  This  investigation  is  technically 
termed  the  inquiry  de  commodoet  incommodo.  His  report  is  referred 
to  the  Conseil  de  Salubrit  •,  a  body  which  takes  cognizance  of  the 
establishment  of  all  manufactures,  whicli  are  "  classified,"  or 
included  in  either  of  the  classes  above-mentioned.  The  Conseil  de 
Salubrity  delegates  a  sub-commission  of  its  own  members,  to 
examine  the  locality  of  the  proposed  manufacture,  in  company 
with  the  Mayor,  and  to  report  upon  the  nature  and  importance  of 
the  manufacture,  its  salubrity,  or  inconvenience,  the  rate  of  flow 
of  water  required  in  its  processes,  the  sufficiency  of  the  apparatus, 
the  merits  of  the  principles  on  which  it  is  constructed  and  applied, 
and  lastly,  on  the  admissibility  of  the  application,  and  the  con- 
ditions on  which  license  should  be  granted.  This  report  of  the 
sub-commission  is  presented  to,  and  discussed  by,  the  general 
board.  Among  the  other  functions  of  the  Conseil  de  Salubrite 
included  the  inspection  of  barracks,  prisons,  markets,  and  other 
public  buildings.  Besides  the  Conseil  de  Salubriti'  at  Paris  there 
are  similar  bodies  at  Marseilles,  Lille,  Bordeaux,  and  other  large 
towns. 

The  ArcMtect-Cortimissarfi  is  another  public  officer  who  discharges 
most  important  and  valuable  duties,     A  detailed  plan  of  the  pro- 
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posed  manufactory  is  suhmitted  to  him  before  the  commencement 
of  the  building,  and  on  its  completion,  he  inspects  the  details  of 
the  workshops,  furnaces,  chimneys,  and  other  ])arts,  and  deter- 
mines whether  the  laws  and  prescribed  conditions  have  been  strictly 
observed  in  their  construction.  He  must  also  also  assure  himself, 
as  far  as  possible,  of  the  stability  and  security  of  the  buildings, 
both  internally  and  externally,  and  ascertain  whether  the  arrange- 
ments and  situation  agree  with  those  indicated  upon  the  plan  pre- 
viously deposited  with  him.  M.  Trebuchet,  who  speaks  from 
practical  experience  as  chief  of  the  office  in  the  Prefecture  of 
Police  which  takes  cognizance  of  establislimcnts  affecting  public 
hcaltli,  remarks,  that  this  verification  by  the  plan  would  be  greatly 
facilitated  if  all  plans  were  required  to  be  laid  down  to  the  same 
scale;  for  instance,  five  niillinietres  to  the  metre.  The  Architect- 
Commissary  has  another  very  important  duty.  Whenever  it  be- 
comes necessary  to  classify  an  altogether  new  manufactory,  he  is 
consulted  as  to  the  class  in  which  it  is  to  be  placed.  Upon  all 
complaints  against  existing  manufactories,  his  opinion  is  also 
required. 

The  actual  execution  of  the  laws  respecting  manufactories  is 
assigned  to  the  Mayor  of  the  commune.  His  vigilance  must  be 
exercised  to  see  that  they  are  never  infringed  or  evaded  ;  and  it  is 
his  especial  office  to  maintain  a  sur\eillance,  so  that  no  manufac- 
tory be  established  without  the  requisite  license. 

To  the  Prefecture  of  Police  the  supreme  municipal  power  be- 
longs. The  Prefecture  institutes  periodical  inspections  of  author- 
ised manufactures,  and  on  its  authority  the  execution  of  all  official 
acts  depends. 

Steam-engines  are  put  under  a  peculiar  system  of  regulation  as 
the  ordinary  laws  respecting  classified   manufactures  are  not  en- 
tirely applicable  to  them.     As  a  general  rule,  stationary  engines 
are  ranked  in  the  third  class  of  manufactories.     The  rules  for  high- 
pressure  steam-engines  have  been  so  greatly  altered  from  time  to 
time,  that  it  is  scarcely  worth  while  to  refer  to  more  than  one  or  two 
of  the  most  important.     All  high-pressure  engines  are,  or  used  to 
be,  tested  hydrostatically  to  tri])le  their  intended  working  pressure 
which  is  then  marked  upon  them  by  a  government  stamp.     Every 
new   steam-boat   is    inspected   by  a   commission  of  engineers  ap- 
pointed by  the  prefecture  of  police,  and   is  required  to  have  on 
board  a  person  duly  qualified  to  superintend  the  machinery,  and 
see  that  it  is  in  proper  working  order.     Captains  of  steam-vessels 
are  compelled  to  register  the  limit  of  their  numbers  of  passengers, 
and   are  made   personally   liable  for  accidents  arising  from  over- 
crowding or  excessive  speed. 
_  The  sewerage  of  Paris  has  been  made  the  subject  of  that  scien- 
tific atul   systematic  inquiry    which  characterises  the  public  ad- 
ministration in   France  of  all  matters  relating  to  the  acts.     It  ap- 
pears from  the  Hi/ijiiiw  Piihliqne  of  Parent  Duchatelet,  published 
in  183(>,  that  the  total  length  of  sewers  in  Paris,  was 

Before  1830  ...  ...  43,340  yards. 

From    1830    to    1834  ...  23,790 

In  1835  ...  ...  5,460 

In  1836  ...  ...  4,040 


76,630 


Some  of  these  sewers  are  of  great  size,  and  have  been  excavated 
at  great  expense.  Tliat  of  the  Rue  Rivoli  was  excavated  at  an 
expense  of  £32,000,  and  with  a  solidity  and  excellence  of  work- 
manship which  appears  extravagant.  Another  of  the  largest 
sewers,  that  under  the  Rues  St.  Denis  and  Du  Poncean,  contains 
the  pipes  of  pure  water  which  supply  the  fountain  of  the  Place 
des  Innocens.  Napoleon  took  great  interest  in  this  work,  on  ac- 
count of  the  novelty  of  the  application  of  the  sewer  to  the  pur- 
pose of  conveying  water,  and  examined  it  in  all  its  details. 

Paris  stands  on  a  gravelly  alluvial  soil  ;  and  the  level  above  the 
bed  of  tlie  Seine,  is  so  small  as  to  render  inundations  of  frequent 
occurrence.  This  circumstance  increases  the  difficulties  of 
emptying  the  sewers  of  which  the  river  is  the  general  recejitacle. 
The  impetuosity  of  the  current  during  winter  has,  however,  the 
effect  of  preventing  a  permanent  accumulation  of  impurities  in  its 
channel. 

In  supplying  Paris  with  water,  the  conduits  from  the  great  aque- 
duct pass  through  the  sewers.  The  practicability  of  rendering 
the  sewerage  servicealile  for  the  ])ur|)oses  of  agriculture,  is  recom- 
mended in  a  memoir  presented  to  the  prefect  of  police  in  1835,  by 
a  sub-commission  of  tlie  Cniis-eil  ric  Suluhnl'  It  a|i|)ears  from 
the  saine  authority,  that  the  quantity  of  f'upcal  matter  deposited 
in  the  Seine,  is  so  small  as  to  have  no  appreciable  influence  on  the 
purity  of  its  waters;  and  in  a  report  of  ihe  Anuli-nnj  of  Sdences, 
it  is  stated  that  the  volume  of  water  supplied  by  the  liowing  of  the 
Seine,  in  a  given  time,  is  9,600  times  that  of  the  utmost  amount 


of  impure  substances  which  can  be  deposited  in  it  during  the 

e  per  iod.    /"■ 

In  Austr'  the  sanitary  institutions  of  the  whole  empire  are 
placed  under  one  general  system,  which  appears  to  be  cairied  out 
in  an  effectual  manner.  The  laws  relating  to  public  health  belong 
to  the  best  part  of  the  imperial  code  ;  and  there  are  few  countries 
in  the  world  of  which  the  medical  institutions  are  conducted  on 
such  a  magnificent  scale.  The  administration  of  them  is  entrusted 
by  the  Austrian  (Jovernment  to  a  duly  qualified  corps  of  officers 
at  the  head  of  whom,  in  every  province,  is  a  chief  officer,  called 
the  Proto-Medicii.s ;  and  in  every  circuit  there  are  sub-officers 
who  constitute  boards  of  health  for  their  own  districts.  The 
functions  of  the  Froto-Mi-xlmix  are  to  inspect  medical  institutions, 
hospitals,  lunatic  asylums,  and  prisons,  to  regulate  tlie  medical 
police,  and  report  on  epidemics.  The  poor-law  system  of  Austria 
provides  for  the  gratuitous  supply  of  medicine  to  the  poor,  and 
the  attendance  upon  them  by  the  district  medical  officers. 

The  Austrian  police  inspect  all  food  exposed  for  sale,  and  have 
the  power  of  examining  houses  and  lodgings  to  ascertain  that  they 
are  in  good  and  healthy  condition.  All  burial  grounds  are  required 
to  be  at  a  distance  from  towns,  and  the  instances  in  which  burial 
in  family  vaults  is  permitted  are  exceedingly  rare. 

The  vicinity  of  Turkey  renders  the  quarantine  laws  of  Austria 
very  strict.  A  military  cordon  of  4,200  men  is  always  maintained 
on  the  Turkish  frontier,  and  the  number  can  be  increased  to  ten 
thousand  on  occasions  of  danger.  Owing  to  the  vigilance  thus 
exercised,  it  is  asserted  that  the  plague  has  not  crossed  the  frontier 
for  upwards  of  a  century. 

On  the  whole  review  of  the  Continental  and  English  sanitary 
systems,  the  essential  distinctions  between  them  appear  to  be  that 
the  former  are  administered  by  central,  the  latter  by  real,  govern- 
ment ;  the  former  makes  public  health  a  matter  of  state  policy,  the 
latter  of  popular  discretion.  Our  own  system  has  the  advantage 
of  pleasing  the  governing  power  in  the  hands  of  those  whose  per- 
sonal observation  renders  them  the  best  judges  of  local  wants,  and 
generally  the  most  zealous  protectors  of  local  interests.  The  ques- 
tion whether  they  will  prove  also  the  most  strenuous  promoters  of 
sanitary  improvements,  must  be  determined  by  experience  alone. 
In  numerous  cases,  the  intelligence  of  the  beople  will  dictate,  that 
public  health  be  regarded  as  the  paramount  object.  Other  local 
bodies,  from  motives  of  false  economy,  may  refuse  to  tax  them- 
selves for  providing  the  means  of  health,  or  from  apathy,  may 
decline  to  exercise  vigorously  the  powers  of  the  most  confided  to 
them.  Yet,  these  cases  will  be  exceptioned  ;  for  the  most  preju- 
diced and  the  most  indifferent  must  learn,  sooner  or  later,  that 
sordid  neglect  is  never  cheap.  Health  is  wealth  ;  for  health  gives 
energy  and  hope  ;  and  these  beget  industry  and  frugality,  which 
are  the  sources  of  all  wealth.  But  squalor  and  disorder  are  life- 
consuming,  and  the  very  canker-worms  of  social  existence :  they 
beget  sloth  and  indifference — and  these  are  spendthrift:  they 
beget  crime  and  disease — and  these  destroy. 


WATERLOO  EXTENSION  OF  THE  LONDON  ANI> 
SOUTH-WESTERN  RAILWAY. 

The  extension  of  the  London  and  Soutli-Western  Railway  from  Nine-EIm« 
to  Waterloo. liriilgeroad,  was  operiefl  on  tlie  11th  iillimo.  It  appears  to  u> 
that  it  would  have  been  far  better  if  the  Waterloo  Station  had  been  made  on 
the  vacant  ground  adjoining,  north  of  the  present  Waterloo  terminus,  and  the 
principal  entrance  in  York  road.  The  entrance  to  the  railway  would  then 
have  been  as  near  to  Westminster  and  Hungerford-liridges  as  it  is  now  to 
Waterloo-bridge,  without  increasing  the  distance  to  the  latter  place,  or  (he 
length  of  the  railway.  This  alleraliun  niiglit  now  be  easily  made  ;  it  would 
save  nearly  half-a-mile,  and  eight  minutes'  walk,  to  foot  passengers  from 
Westminster  and  Chariiig-crnss;  the  present  approaches  might  be  retained 
for  a  goods  depot — and  if  a  steam-hoat  pier  were  made  adjriining  to  the 
Surrey  approach  of  lltingerford-bridgc,  and  arrangements  made  with  the 
steam  boats  to  come  direct  from  London-bridge  to  the  pier,  the  extension  of 
tlie  railway  to  London-bridge  might  be  ahandoneil,  and  thereby  nearly  a 
million  sterling  saved.  This  would,  weaie  sure,  enhance  the  value  of  the 
shares,  an.l  give  confidence  to  those  ca|iitalists  in  the  city  who  are  nmv  alarmed 
at  the  apparent  reckless  manner  in  which  funds  are  being  expended  by  rail- 
wavson  branches  and  extensinns. 

"  The  works  of  tliis  undertaking  were  commenced  in  July  184C,  by 
Messrs.   Lee,    the    contractors,    who  engaged    to  complete  the    woiks 
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by  the  1st  July,  1848.  Mr.  Thompson  acted  as  the  superintenden 
to  the  contractors,  and  Mr.  Curlieu  on  behalf  of  Mr.  Locke,  the  en 
gineer.  The  length  of  the  new  line  is  nearly  2i  miles.  The  first  quarter 
of  a  mile  is  carried  over  an  emhankment;  then  snccceds  a  viaduct,  con- 
•isting  of  six  massive  iron  girder  bridges,  and  300  arches  (exclusive  of 
those  forming  the  present  station  in  the  Walerloo-road).  These  arches, 
which  are  expected  to  form  a  very  considerable  item  in  the  receipts  of  the 
company,  have  been  so  carefully  constructeil,  as  to  be  easily  applicable 
to  various  purposes,  and  their  perpetual  dryness  has  been  insured  by  the 
application  of  the  Seyssel  asphalle,  which  has  rendered  them  impervious  to 
wet.  There  are  four  distinct  lines  of  rail,  and  the  quantity  of  iron  alone 
consumed  in  laying  down  what  is  technically  called  the  '  metals,'  is  at  least 
1200  tons,  independently  of  about  800  tons  weight  consumed  in  the  erection 
of  the  bridges.  In  the  construction  of  tlie  viaduct  and  station  of  the  Water- 
loo-road, upwards  of  80,000,000  of  bricks  have  been  consumed  ;  and  the 
present  terminus,  which  is  all  on  arches,  covers  a  space  of  three-quarters  of 
an  acre  of  ground,  its  viidth  being  260  feet.  The  major  part  of  the  present 
terminus  has  been  coaled  with  Claiidge's  asphalte,  so  that  the  arches  on 
which  it  rests  may  with  safety  be  made  use  of  as  storehouses,  &c.  To  the 
present  terminus  in  the  Waterloo-road  there  are  no  less  than  four  approaches 
for  carriages  and  foot-passengers,  the  pedestrians  having  in  each  approach 
footpaths  8  feet  in  width.  The  stations  at  both  Wateiloo-road  and 
Vauxhall  are  only  temporary.  The  fares  on  the  main  line  are  increased 
28  follows  :— First  class,  6d. ;  second  class,  4d. ;  third  class,  2d.  The  Nine 
Elms  station  is  now  closed  entirely  to  passenger  traffic." 


STEAM-ENGINE  GOVERNORS. 

"We  give  the  following  extract  of  the  Daiiy  News,  from  the  police  reports 
of  the  Mansion-House  of  the  22nd  ultimo,  as  some  allusion  is  made  to 
our  Journal,  and  to  state  that  we  were  much  surprised,  after  the  ex- 
posure of  the  letters  therein  given,  that  Mr.  Cousens  should  have  had  the 
audaciousness  to  send  us  the  paper  for  publication.  Immediately  after  i;s 
receipt  we  returned  it  to  the  author,  and  ordered  to  be  cancelled  an  intro- 
ductory paper  on  Steam-Engine  Governors,  which  Mr.  Cousens  sent  us 
previously  to  the  appearance  of  the  police  report.  We  trust  that  Mr. 
Woods'  praiseworthy  resolution  mny  deter  others  from  attempting  a  similar 
proceedmg.  It  is  fortunate  for  Mr.  Cousens  that  be  had  such  a  lenient 
magistrate  to  hear  the  case. 

Mansion-House,  July  23,  1843.— Alle(?ed  Attempted  Extortion  of  nfoney.—Mr.  R.  B. 
<^ousens,  of  No.  4.  Bedford-place.  Old  Kent-to.^d,  apueared  to  answer  a  charge  of  having 
offered  to  prevent  llie  printing  and  publistiingof  certain  matters  touclilng  the  complainant 
with  intent  to  extoit  money.  The  charge  xvus  brought  upon  the  (J  and  7  Vic,  cap.  96, 
sec.  li,  and  it  was  stated,  (or  the  prosecution,  that  the  delendant  had  by  means  of  tile 
following  letter  endeavoured  to  accomplish  his  purpose  ; — 

"  4,  Bedford-place,  Old  Kent-road,  July  8,  1H48.— Sir,— I  have  written  for  publication 
a  small  treatise  on  the  cause  of  the  iuelEcieucy  of  steam  engine  governors  ;  and  in  investi- 
gating the  principles  of  the  cln-oi-.ometric  governor,  of  which  you  are  the  patentee,  1  tind 
myself  compelled  to  speak  of  it  in  a  way  which  may.  perhaps,  lessen  its  value  as  a  com- 
mercial S|)eculation.  Now,  as  1  write  only  for  pecrrniary  protit,  1  am  willing  to  withhold 
the  paoer  Irom  the  public  eye,  if,  after  perusing  the  accompanying  copy  of  that  part  of 
It  which  concerns  tile  chronometric  governor,  you  feel  disposed  to  purchase  it  at  a  fair 
remuneration.  It  is  quite  immaterinl  to  me  whether  it  be  read  by  many  or  by  one, 
whether  it  be  preserved  in  the  pages  of  a  scientific  periodical  or  destroyed,  it  1  profit  by 
it.  It  is  unnecessary  to  say  more  in  explanation  of  my  cbject  in  transmitting  to  yon  the 
JIS.  copy.  I  shall  merely  add  in  conclusion,  that  after  Wednesday,  the  12th  instant,  I 
shall  feel  nt  liberty  to  forward  the  original  to  the  publisher,  unless  I  am  previously 
favoured  with  some  commuuication  inducing  me  to  withhold  it. — Itobert  B.  Cuuaens. — 
To  Joseph  Woods,  Esq." 

Upon  the  receipt  of  that  communication  Mr.  Woods  sent  to  the  writer  ,-»  note,  to  which 
the  following  answer  was  returned  by  that  gentleman: —  .    ,«, 

*'  Bedford- place,  July  10.— Messrs.  J.  Woods  and  Co. — Gentlemen, — In  obedience  to  your 
request  I  have  to  acquair?t  you  that  my  p.iper  on  *  governors.*  if  published  in  one  ot  the 
periodicals,  will  most  likely  appear  in  the  '  Civil  Engineer  and  Architect's  Journal ;'  but 
that  I  am  yet  undecided  as  to  whether  it  shall  appear  in  u  periodical  or  form  part  ot  a 
separate  pamphlet  on  that  and  another  p.irt  ot  the  steam-engine.  In  all  probability  I 
should  pursue  the  latter  course,  as  being  the  more  remunerative.— Robert  B.  Cousens." 

Alter  he  had  received  the  second  letter  Mi.  Woods  ri solved  not  to  submit  to  be  vic- 
timised, anil,  having  it  in  his  power  to  produce  witnesses  in  support  of  the  charge,  was 
dvised  to  represent  the  case  at  the  Mansion- House. — It  was  now  urged  for  the  defence 
that  the  case  was  one  in  which  the  magistrate  had  no  jurisdiction,  as  the  act  of  parlia- 
mentdirected  that,  in  caseota  libel, the  person  accused  should  be  proceeded  against  by 
indictment.  The  offer  made  could  not,  it  was  said,  be  construed  into  an  otter  to  refrain 
from  publishing  a  libel  upon  the  patentee.— Alderman  Gibbs  said  it  was  unrieiuable  that 
the  letter  was  written  tor  the  purpose  of  raising  money.-Mr  Humphreys  contended 
against  Mr.  Hobler's  view  of  the  case  that  the  magistrate  had  the  power  to  compel  tha 
defendant  to  appe  rr  to  answer  an  indictment  as  upun  a  charge  of  felony  or  misrleineanor 
of  an  ordinary  description  made  belore  him.  The  charge  against  the  delendant  was 
clearly  misdemeanor,  us  declared  by  the  statute,  and  indictable  at  the  sessions,  and  he 
submitteii  that  the  maaislrate  had  lull  jurisdiction  as  to  holding  the  defendant  to  bail. — 
Mr.  Hobler  said  if  Mr.  Woods  considereil  that  an  offence  had  been  cooinrilted  he  had  his 
remedy.  He  could  go  to  the  grand  jury  with  his  indictment,  and  if  they  found  a  true 
bill,  he  could  bi  lug  (he  matter  to  trial;  and  it  the  defendant  was  found  guilty,  punish- 
ment would  be  inflicted;  but  it  would  be  a  very  difficult  matter  to  show  his  client's 
liability  under  such  circumstances-- Olr.  Humphreys:  The  clnirge  against  him  is  ihat  he 
has  attempted  to  extort  money  by  means  of  ihreats.—  ftfr.  Hobler  said  that  if  Air.  Cousens 
Dsed  threats,  those  threats  were  by  no  means  conveyed  in  lan.;;uage  of  which  cognizance 
could  be  taken.— Alilerinan  tiibbs  said  he  c^uld  not  see  that  tae  letter  was  a  libel  upon 
Mr.  Woods,  or  that  it  contained  matter  of  which  he  could  take  any  notice,  whatever 
tendency  and  intention  it  mif^ht  have  had  to  extort  money.  He  should  therefore  dismiss 
tUe  case. 


NOTES  OF  THE  M0NTH.1 

.  The  Atheiiamm  a)iil  the  Eiii;iiicers.—The  Athenceum  of  the  15th  ult. 
contains  some  remarks  in  reply  to  our's  of  last  month,  with  regard  to 
INIr.  Cbadwick,  the  Military  Engineers,  and  the  iMeliopolitan  Survey. 
The  Allieiiaiim  has  replied  to  our  remarks,  as  if  we  advocated  the  eniploy- 
ineut  of  the  Surveyin's  Association  ;  whereas,  we  did  not  advocate  Ibe 
eniuloynient  of  that  association,  or  of  any  particular  individu:il  or  indi- 
viduals. We  objected  to  the  employment  of  the  military  ensiueers,  and 
na(ned  several  civil  enginee(S,  who  were  quite  compe(ent  "  to  conduct 
a  trigcno(netrical  survey,  which  involves  the  nicest  points  of  aslronomy 
and  requires  all  tlie  resources  of  mathematical  analysis."  We  again  refer 
to  the  minutes  of  proceedings  of  the  Inslilulion  of  Civil  Engineers,  in  the 
columns  of  our  contemporary,  as  giving  evidence  of  the  allammenis  of  Ihe 
members  in  all  respects,  as  exemplilieil  in  the  discussions  on  attnospheric 
resistances,  Ihe  atmospheric  railway  system,  and  ilie  many  malhematical 
debales  which  have  occupied  the  Institution  of  late  years.  We  now  refer 
our  contemporary  to  the  account  of  the  Ordnance  survey  of  Liverpool 
given  in  a  report  lately  issued  by  the  borough  engineer,  and  which  we  shall 
publish  next  moulb. 

Siiulk  Hnckneij  C7iuic/i.— This  has  been  three  years  under  constructioQ 
by  Mr  Hakewdl,  and  was  consecrated  on  the  20lh  of  July.  It  is  in  the 
Early  English  style,  and  in  the  shape  of  a  cross,  aud  is  executed  with 
great  care  and  solidtty.  The  cost  was  £15,700,  besides  land.  The  lenrrth 
inside  is  172  feet ;  outside,  19i  feet  ;  wid(h  across  the  nave  and  aisles''Gl 
feci,  and  transepts,  92  feet ;  height  inside  to  roof,  GO  feet,  outside  to  top  of 
spire,  187  feel.  'I'here  are  eight  bells,  and  several  painted  windows,  aud  a 
large  sum  was  laid  out  in  decoration.  This  is  a  buildiug  v\hich  pos- 
sesses considerable  merit;  for  too  much  has  not  been  attempted,  aud  a 
good  effect  has  been  produced.  The  proportions  are  well  kept,  and  an  air 
of  grandeur  and  chasleness  preserved, 

Indepenilinl  C/inyie/s — We  are  glad  to  see  that  such  an  advance  is  being 
made  by  llie  Independents  in  ecclesiastical  architecture.  Mr.  Edward 
Wallers,  an  architect  of  ability  at  IMauchester,  has  been  employed  in 
erecting  a  chapel  in  Cavendish-street,  in  that  city.  It  is  in  Ihe  mediajval 
style,  with  a  tower  and  spire  rising  to  the  total  height  of  171  feet  f(om 
the  ground,  and  cost  £'21,000  ;  so  that  it  will  be  seen  Ihat  it  is  an  impor- 
tant buildiug,  as  It  isoue  likewise  highly  ornamental  and  artistic.  Another 
chapel,  erec(ed  by  Mr.  Walters,  at  Darwen,  cost  £5,000.  A  peculiarity 
in  this  building  is  a  kind  of  screen  raised  above  the  roof;  which,  though 
of  beautiful  design,  having  no  idea  of  usefulness  attached  to  it,  conveys  to 
the  mind  an  impression  of  superfluity. 

Safely  IM'inint;  Lnntlwrn. — Mr.  Crane,  of  Birmingham,  has  forwarded 
to  llie  njini.g  Journiit  the  following  description  of  a  mining  lanlhorn  that 
helias  iuvenied.  The  annexed  drawing  is  a  represenlalion  of  Ihe  safely- 
lanthurn  : — It  is  adapted  to  burn  composition  can- 
dles Ihat  require  no  suulfing.  The  same  princi- 
ples can,  however,  be  applied  to  oil  lamps,  if  any 
party  prefer  oil  to  candles.  The  front  is  niade  of 
strong  glass  ;  the  back  of  polished  tin— the  two 
sides  of  wire  gauze,  soldered  to  the  f(a(niug,  hav- 
ing 9l)0  apertures  in  a  square  inch  of  surface.  It 
ivill  do  coarser:  but  the  size  stated  is  safest. 
Over  Ihe  wire  gauze  sides  are  fixed  covers 
if  tin,  hinged  to  the  top  of  the  lanthorn,  which 
entirely  cover  the  sides,  and  are  kept  fast  by  a 
imall  hasp  at  the  bottom.  The  lower  edge  of 
each  tin  coverside  is  bent  inwards  to  rest  against 
he  framing — so  that  Ihe  tin  plate  may  be  kept  at 
I  distance  of  |  inch  from  Ihe  wire  gauze.  Suffi- 
cient space  is  thus  provided  to  allow  of  the  pas- 
sage of  air  for  the  supply  of  the  light. — These 
in  coversides  are  useful  to  protect  the  wire  gauze 
irofn  injury  and  dirt,  as  well  as  to  stop  any  cur- 
eot,  or  '■  blower,"  of  gas  from  blowing  out  the 
light.  No  direct  current  of  wind  can  have  any 
effect  upon  the  light,  because  there  is  no  admission  into  the  lanthorn  but 
obliquely  at  each  corner.  The  candle  is  held  between  four  short  wires, 
soldered  in  the  dish  of  a  moveable  socket,  which  fits  into  a  socket  soldered 
to  the  bottom  ;  this  candle  socket  is  useful  for  retaining  any  wasle  fat  that 
may  run  down  ;  it  can  be  lifted  out  by  the  wire  handle,  aud  cleaned,  when 
necessary.  The  inside  of  the  lanthorn  is  thus  kept  quite  clean.  The 
candle  is  put  in  through  the  neck  ou  the  top  of  the  lanthorn,  upon  which  a 
hinged  lid  fits  down  tighily.  The  lid  is  pierced  with  two  rows  of  holes, 
through  which  the  healed  air  and  smoke  escape;  and  to  the  top  is  fixed  a 
large  ring,  by  which  the  lanthorn  is  carried  and  hung  up.  This  ring  is 
kept  coolby  a  simple,  but  effective,  contrivance.  A  piece  of  tin,  bent  into 
the  form  of  an  inverted  cone,  is  soldered  inside  the  lid,  wjiich  causes  the 
hot  ascending  air  to  Bow  towards  the  sides,  where  it  immediately  escapes 
through  the  openings.  To  prevent  any  inllammable  gas  enleriug  through 
the  lid,  a  circular  disc  of  wire  gauze  is  soldered  inside  ihe  rim  of  the  ltd 
— so  that  no  gas  can  enter  but  through  the  wire  gauze  ;  this  wire  gauze 
will  never  become  red-hol,  so  that  no  explosion  can  possibly  occur.  The 
size  of  lanlhorns  made  is  about  5  inches  square,  and  12  inches  high  ;  other 
parts  in  proportion.  The  inside  of  the  tiu  coversides,  and  the  outside  of 
the  lanthorn,  are  japanned  of  any  dark  colour. 

The  Soup  Plant.— In  California  this  plant  is  used  by  the  people  for 
washing  every  description  of  clothing  in  cold  running  water.  In  using  it 
as  soap,  the  women  cut  the  tools  from  the  bulbs,  and  rub  them  on  the 


356 


THE  CIVIL  ENGINEER  AND  ARCHITECTS  JOURNAL. 


LAUOCBT 


clolhps,  when  a  rich  and  slronsf  lather  i3  formed,  uliirh  cleanses  most 
thurou;;hly.  To  propas-'le  the  pUuii  ihe  bnlhs  are  set  in  a  nrli  soil,  and 
grow  Inxui-iaiilly  in  llie  soft  boltunis  of  valleys  or  bordering;  luniiing 
streams. 

Cupper  Slienthinf^~\  coiTes|!ondpnt  of  the  HJiuinfr  Jowval  slates,  as 
the  consequence  of  his  expeili-nce,  that,  in  the  trejitriifnt  i»f  the  Mdjiliurets 
of  copper,  tiicre  should  be  one  c;ilciiiiii«,  one  roasliiij;,  one  smelliiiK»  and 
one  relmin;; — funr  opfMaiions  in  all  ;  and  ihat  care  be  taken  that  no  iron 
tools  be  used,  except  llie  ladles  for  the  i''''inniiC  process.  Tlie  carbonates 
of  copper  require  only  two  operalions — smelting  and  n  (inint; ;  but  il  cop- 
per pyrites  be  mixed  w  ith  llie  carbonate,  il  will  re(inire  Ihree  operations 
instea(i  of  two.  By  attention  to  these  operations  all  hireijin  matter  will  be 
disengaged.  The  production  of  ^ood  malleable  and  pure  ctipper  depends 
on  the  redner;  the  copper  is  brittle  beforehand  should  be  stirred  wiih  a 
wooden  rod.  It  requires  considerable  care  to  keep  the  metal  to  a  proper 
heat  until  the  moulding  is  finished,  to  give  il  due  ductility,  ami  make  it 
suitable  for  the  demands  of  commerce.  In  general,  most  operators  go  too 
far  in  the  relinery,  which  renders  the  metal  fibrous,  and  the  result  is  serious 
lamination  on  one  side  of  the  sheet.  If  the  (■oi)per  ore  is  properly  treated 
in  the  above  operations,  this  metal  is  decidedly  the  best  for  sliips'  bottoms. 
The  per  centage  of  copper  is  also  much  increased  by  careful  treatment,  and 
the  scoria  comes  out  cleaner. 

Method  of  JV elding  Iron,  ^^teel,  and  Sheet  Iron.— \x\  an  earthen  vessel 
melt  borax,  and  adii  to  it  y^th  of  sal-ammoniac.  When  these  ingredients 
are  properly  fused  and  mixed,  pour  tliem  out  upon  an  iron  plate,  and  let 
them  cool.  "There  is  thus  obtained  a  glassy  mattc't.  to  which  is  to  be  added 
an  equal  quantity  of  quicklime.  The  iron  and  steel  which  are  to  be  soldered, 
are  first  heated  to  redness;  tlien  this  compound,  first  reduced  to  powder,  is 
laid  upon  them — the  composition  melts  and  runs  like  sealir.g-wax  ;  the 
pieces  are  then  replaced  in  the  tire,  taking  care  to  heat  them  at  a  tempera- 
ture far  lielow  that  u-ually  employed  in  welding:  they  are  then  withdrawn 
and  hammered,  and  the  surfaces' will  be  foued  to  be  thus  perfectly  united. 
The  author  asserts  that  this  process,  which  may  1)6  applied  to  welding  sheet- 
iron  tul)es,  never  fails. — Rec.  de  la  Soc.  Polytech, 

Dotting  Electric  Telegraplt. — A  patent  has  been  recently  granted  in  this 
country  to  M.  Dujardin,  of  Lille,  for  a  new  kind  of  electric  telegraph  in 
which  the  signals  consist  of  dots  made  on  paper.  The  telegraphic  pen  is 
fixed  to  a  nnignet,  and  it  marks  dots  on  a  revolving  traver!>ing  cylinder.  The 
dots,  by  a  previous  alphabetic  arransement,  are  made  to  signify  letters,  each 
letter  being  characterised  by  a  certain  group  of  dots.  The  process  is  com- 
plicated, and  must  necessarily  he  a  slow  one  ;  nor  does  the  inventor,  who 
is  a  physician,  seera  to  have  been  aware  of  the  invention  of  Mr.  Morse, 
vhich  accomplishes  the  same  object  more  effieacionsly,  and  with  a  much 
less  complicated  mechanism  ;  Mr.  Morse's  alpliabet  consisting  of  short  and 
long  strokes,  by  wbieb  means  the  letttrs  of  the  alphabet  may  be  indicated 
by  a  smaller  number  of  marks  than  by  dots  of  the  Siime  size. 

Time  Signals. — Mr.  Torrop,  of  Edinburgh,  ha'^  patented  an  apparatus  for 
giving  notice  of  the  approaching  departure  of  railway  trains,  so  as  to  super- 
sede the  use  of  bells  or  whistles.  Tlie  apparatus  on^ists  of  a  hollow  pole 
erected  vertically  at  any  convenient  part  of  the  station  where  it  may  be  most 
advantageously  seen  both  by  those  at  the  station  itself,  as  also  by  those 
hastening  towards  the  station.  Upon  the  outside  of  this  pole  is  placed  a 
large  ball,  the  pole  passing  through  a  hole  through  tlie  centre  of  the  ball, 
sufficiently  large  to  allow  free  mntinn  up  and  down  the  pole.  The  balHs 
suspender!  by  co-ds,  attached  at  the  bnitom  of  the  pole  to  a  clockwork 
movemer.t,  having  n  pendulum,  the  vibrations  of  which  regulate  the  descent 
of  the  iiall  ujmn  tiie  pole.  When  the  spring  of  the  clockwork  is  wound  up, 
the  hall  is  raised  to  the  top  of  the  pole,  which  then  bp(:ins  U>  descend  to  the 
bottom  of  the  pole,  being  regulated  in  its  velocity  by  the  clockwork  at.d 
pendulum.  The  time  of  its  descent  will  therefore  he  regularly  the  same 
each  time  the  ball  is  raised  to  the  top  and  tlieii  allowed  to  descend.  Tlie 
ball  being  raised  to  the  top  of  the  pole  at  the  arljiisted  jjciiod  of  'ime  (say 
ten  minutes  before  the  departure  of  each  train),  and  then  allowed  to  descend, 
the  position  of  the  ball  upon  the  pole  (kning  its  descent  will  give  notice 
of  the  length  of  time  to  ehpse  before  the  departure  of  the  train.  Duiing 
the  niifht  a  lamp  is  to  take  the  place  of  the  hall. 

A  few  Degrees  of  Difference. — In  an  action  recently  tried  in  the  Court  of 
Queen's  Bench,  the  question  was  raised  whether  the  variation  of  three  de- 
grees in  the  inclination  of  a  wood  pavement  constiiuted  an  infringement  of 
the  patent  right.  The  defendants  (Ksdaile  and  Co.)  were  licensees  under 
Rankin's  patent  for  wood  pavement,  and  the  pl-iintills  (Hulse  and  Co.). 
entered  into  a  covenant  with  them  to  pay  certain  rnyalties  if  ihey  infringed 
upon  the  principle  of  Parkyn's  patent.  The  principle  was  the  inclination  of 
the  fibre  of  the  wood  to  the  horizon  ;  anrl  that  was  described  to  be  from  40 
degrees  to  70  degrees.  The  defendants  laid  down  pavement  in  Cornhill 
and  at  a  bridge  at  Chatk-farm  ;  and  the  blocks  they  laid  duvvn  were  at  an 
inclination  of  73  degrees.  '1  he  contention  for  the  plaintifls  was,  that 
aUhou{;h  the  inclinaiioii  was  not  within  the  precise  words  used  in  the  deed, 
still  that  for  all  practical  purpiises  there  was  not  the  slightest  ditt'erence 
between  73  decrees  and  70  degrees.  —  Mr.  Justice  V\ik:hlman,  in  sumndng 
up,  observed,  that  if  ])arties  chose  to  bargain  in  specific  leims  they  must 
abide  by  their  bargain,  and  though  in  practiee  the  two  inclinations  mentioned 
could  make  no  diflference,  still  the  terms  of  lie  covenant  were  express; 
therefore,  unless  the  inclination  adopted  by  the  defendants  was  within  that 
limit,  the  plaintiffs  on  that  ground  were  nrtt  entitled  to  recover.  The  jury 
therefore  gave  a  verdict  for  the  defendant,  the  plaintiffs  having  liberty  to 
move  to  enter  a  verdict  of  50/.  U. 


College  for  Civil  Kn^'mrers. — On  Tuesday  the  18th  uU.,  the  yearly  6x7 
amiiiatum  of  the  students  of  ihe  College  for  Civil  Kngineers  was  held  a 
Putney,  and  was  attended  by  H.H.H.  the  Duke  of  C  tmbridge,  and  many 
of  the  arisioeracy.  'i'lie  college  seems  to  be  advancing  in  public  opinion. 
We  iti-pcitcd  the  drawings,  models,  workshops,  and  other  practical 
ilepartments.  which  we  are  happy  to  say  show  considerable  advance- 
ment in  the  knowledge  of  engineering.  We  were  sorry  on  such  an  occa- 
sion, and  in  an  lnsliluti(m  so  promising,  to  see  year  after  year,  in  the  work- 
shops, such  schemes  as  the  lociuunlive  air-engine,  and  the  imitation  yf 
Hero's  rotary-engine ;  for  in  an  establishment  like  the  college,  it  is  belter 
to  be  loo  far  behinddiaud,  ihan  to  be  suspected  of  running  after  what 
savours  of  visionary  prujecls. 


LIST    OP    NEVir    PATENTS. 

GRANTtiD    IN   ENCiLAND    FROM    JuME    24,    TO    JULY     18,     IS48. 

Six  Months  allowed  for  Enrolment  j  unless  olhej-wise  expressed, 

Deane  Samuel  Watlcer,  ot  London-britlge,  merctiant,  for  "  Improvpments  in  the  manu- 
facture of  bunds  or  sinipj  tor  hats,  caps,  shoes,  and  stoctcs." — Seated  June  'J4. 

Henry  Archer,  of  Shiiftesbnry-crecent,  PimMco,  Middlese?:,  gent  cman,  for  "  Improre- 
ments  in  matches,  and  in  the  production  of  light,  and  in  the  appirutus  to  be  used  there- 
with,"— June  24. 

William  Hunt.'of  Dodder-hill,  Worcester,  chemist,  for  "Improvements  in  obtainiDR 
certain  metals  from  certain  compounds  containing  these  metals,  and  in  obtaining  »ther 
products,  by  the  use  of  certain  compounds  containing  metals." — June  L'4. 

Richard  Chul;,  of  the  Strand,  Westminster,  lamp  manufacturer,  for*'  certain  Improve- 
ments in  gas  burners,  and  in  c:indle  lamps  and  other  lamps." — June  26. 

Frederick  William  RIowbray,  of  Leicester,  paper-dealer,  for  "Improvements  in  the 
manufacture  ot  looped  fabrics." — June  'Z7 . 

John  McInlo«h,  of  Glasgoiv,  geutlcman,  for  "Improvements  in  obtiuning  motive 
po'.ver." — June  2'i.  * 

Joseph  Skertchly,  of  Anstey,  Leicestershire,  gentleman,  for  "  Improremeots  in  bricks, 
and  in  the  manufacture  of  tobacco-pipes,  and  other  like  articles."— June  ."10. 

Elizabeth  Daliin,  of  No.  1,  St.  Paul's  Church  yard,  London;  widow,  for  "  Improve- 
ments in  tleaniMg  and  roasting  rntfee,  in  the  apparatus  and  machinery  to  be  used  therein, 
and  also  in  the  apparatus  for  making  infusions  and  decoctions  of  cotfee." — July  ii. 

Nathaniel  Beardmove,  of  \'A,  Great  College-street,  Westminster,  for  "certain  Improve- 
ments in  founding  and  constructing  walls,  piers,  and  breakwaters,  parts  of  which  im- 
provements are  applicable  to  other  struct'ires.*' — July  'A. 

John  Ulartin,  of  Killyle.ieh  Ulills,  Down,  Ireland,  mamifac'urer,  for  "  Improvements 
in  preparing  and  dressing  ll^ix,  low,  I'nd  other  fibrous  substanes,  and  doubling,  drawine, 
and  twisting  flax,  tow.  and  other  librous  substances,  and  in  the  machinery  to  be  used  for 
such  purposes." — July''. 

Joseph  Clinton  Hoh>.-rt3on,  of  Fleet-street.  London,  civil  engineer,  for  "  Improvements  in 
the  manufacture  of  gas."     (A  communication.)— July  fi. 

George  IJeattie,  of  Fdinburgh,  builder,  for  "  an  Improved  air-spring  and  atmospheric 
resisting  power."— July  '». 

Anthony  Lorimier,  of  Bell's-buildings,  Salislmry-square,  City,  book-binder,  for  "  Im- 
provements in  combining  gutta  percha  and  caoutchouc  with  othur  materials." — July  fi. 

William  Edward  Newton,  of  Chancery-lane,  Middlesex,  for  "  Improvements  in  the 
construction  ofsioves,  grates,  furnace  or  fire-places  for  various  useful  lurposcs."— July6. 

William  Swidn,  of  Pembroke,  Hereford,  brick-maker,  for  "certain  Improvements  in 
ihe  construi lion  of  kilns  for  the  drying  and  burning  of  biicks,  tiles,  and  other  earthen 
sulis'ances,  and  for  the  consumption  nl  smoke  and  other  noxious  g.ises  arising  tlierelroni, 
and  which  hitter  iinprovL^mcnts  may  be  applied  to  all  chimneys." — July  6. 

Enr>(  h  S  eel,  and  William  Britter,  of  Lambeth,  Surrey,  mnnufacturers,  for  "  Improve^ 
menls  in  Ihe  nianu.'acture  of  tobacco  pipes."— July  t>. 

Walter  Orbel  Palmer,  of  Southacre,  near  Sivaffham,  Norfolk,  for  "  Improvements  in 
miichin^ry  (or  thrashing  and  drtssing  corn."— July  10. 

Hichard  Hohcrts,  of  Globe  Works,  Manchester,  engineer,  tor  "certnin  Improvenienla 
in.  anil  a  plic^ition  ti»,  cloti;3  and  other  tin-e-keepers,  in  machinery  or  apparatus  for 
virding  clocks  and  holstin-'  weiahts,and  for  effecting  telegr^iphic  communication  botiveca 
disiant  clocks  and  phices  olheiwise  than  by  electro-magnetism."— July  11. 

Lerin  Castelain.  of  Poulton-square,  Middlesex,  chemist,  for  "Improvements  in  the 
manufacture  of  soap."  — J  uly  11. 

Felix  Alexander  'I'eslud  de  Beauregard,  of  Paris,  engineer,  for  "Improvements  in 
geneiiiiing  steaiu,  and  in  the  means  o.'  obtaining  power  from  steam-engines."- July  H. 

Mathew  Kirtley,  of  Derby,  engineer,  for  "  Improvements  in  the  manufacture  of  rail- 
way-wheels." -July  11. 

.le'se  Uoss.  of  Leicester,  agent,  for  "  Improvements  in  apparatus  for  dibbling  and  other 
ocricnltural  puposea,  part  of  which  improvements  is  applicable  to  propelling  vessels." — 
Julyll. 

William  Krlwards  Staite.  of  Lombard-street,  City,  gentleman,  for  "  Improvemynts  in 
the  construct!  in  of  (;alvanic  batteries,  in  the  formation  of  magnets,  and  in  the  applii;ation 
of  I'leciricity  atni  magnetism  tor  the  purpose  of  lighting  and  signalizing,  as  also  a  mode 
or  modes  of  employing  the  said  gr.lv:inic  hHtleries  or  some  of  them,  for  the  purpose  of 
obtaining  cheu-ical  products,"     (Partly  a  communicution.J -July  12. 

William  Swain,  of  Pembrrdge,  Heicford.  brick  maker,  for  "certain  Improvements  in 
kilns  for  hurning  bricks,  tiles,  and  olher  e,u  then  substances." — July  IS. 

Jean  Louis  Lnmen;iude,  of  10,  Passage  Touffroy,  Paris,  jeweller,  for  "a  new  process  of 
applying  or  fixing  letters  of  metal  upon  glass,  murblo,  wood,  and  other  substancw?." — 
July  IS. 

Chiules  Purni*!!,  of  Liverpool,  dock-master,  for  "certain  ImproveU  apparatus  Co  be 
applied  to  ti.nher  loaded  and  other  vessels  laden  with  materials  the  specific  gravity  of 
which  is  lighter  than  water,  preveniing  the  necess  ty  nf  atiandoning  them  at  saa  by 
ridding  them  of  the  superincumbent  water,  and  enab.ing  them  thereby  to  carry  sail."— 
July  IS. 

William  Kdivard  Neivton,  of  Chancery-lane,  Middlesex,  for  "  certain  Improveoients  in 
machinery  for  letter-press  piinting."—  July  18. 

Joseph  Stenson,  of  Norlhampton,  engineer,  for  "Improvements  in  steam-engines  and 
boilers,  parts  of  which  improve.nents  nre  also  applicajle  to  other  motive  machinery."— 
July  IS. 

Joham  Arnold  Steinkamp,  o'  Leicester  street.  Leicester -square,  Middlesex,  genrlemmi, 
for  "  Improvemeuts  in  the  manufacture  of  sugar  from  the  cane."— July  li. 
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CANDIDUS'S    NOTE-BOOK, 
FASCICULUS  LXXXV. 


**  I  must  have  liberty 
Withal,  as  large  a  charter  as  the  winds. 
To  blow  on  whom  I  please.'* 

I.  Architects  are  apt  to  pay  by  far  too  little  attention  to 
locality,  aspect,  and  other  circumstances  which  influence  the 
effect  of  buildings ; — such,  for  instance,  as  distance — too  little 
space  for  obtaining  a  satisfactory  view  from  any  point,  or  so  much 
that  it  looks  diminutive  in  comparison  with  what  the  design, 
whether  shown  in  a  model  or  a  drawing  of  it  (that  is,  an  elevation), 
promises.  Neither  the  model  nor  tlie  elevation  conveys,  or  can 
convey,  the  slightest  idea  of  locality  ;  and  even  if  recourse  he  had 
to  perspective  and  pictorial  representation,  the  probability  is, 
that  there  is  a  vast  deal  of  imposition  passed  off  under  the  plausi- 
ble and  innocent  name  of  artistic  liberties.  Liberties  of  the  kind 
are,  however,  sometimes  carried  so  far  as  to  amount  to  downright 
lies — an  ugly  word,  it  must  be  confessed  ;  but  the  imposition  so 
practised  is  a  far  more  ugly  thing.  And  surely  it  amounts  to 
nothing  less  than  a  lie,  although  not  a  spoken  one,  to  represent  a 
front  that  will  always  be  in  shadow  throughout  the  whole  day, 
kindled-up  and  illustrated  by  sunshine,  with  all  its  details  spark- 
lingly  touched  and  brilliantly  brought  out.  In  ]Mr.  Blore's  view 
of  the  new  building  at  Buckingham  Palace,  the  sun  is  made  to 
shine  from  the  north-east ;  which,  not  to  call  it  a  miracle,  is  at  any 
rate  a  piece  of  great  complaisance  on  the  part  of  that  luminary — 
a  direct  testimony  to  the  all-commanding  talent  of  that  Mr.  B. 
Such  deceptions  are,  it  would  seem,  not  lies,  but  merely  poetical 
and  graphic  fictions ;  and  we  ought  to  congratulate  ourselves  upon 
getting  anything  poetical  at  all,  where  the  design  itself  is  so 
terribly  prosaic. 

II.  Locality  has  so  very  much  to  do  with  the  actual  appearance 
which  a  building  makes,  that  unless  some  information  be  afforded 
in  regard  to  it,  we  may  be  totally  ignorant  and  unsuspicious  of 
many  circumstances  that  require  to  be  understood.  If  a  building 
has  been  seen,  it  is  of  course  known  how  it  is  situated  with 
respect  to  other  buildings  ;  whether  in  an  open  space  or  in  a 
street ;  and  if  a  street,  whether  it  is  a  wide  one  or  a  narrow  one  ; 
or  if  an  open  space,  whether  it  is  a  regular  or  irregular  one.  It  is 
desirable  also  to  know  what  is  its  aspect,  for  it  makes  a  very 
considerable  difference  whether  a  portico  or  colonnade  faces  the 
north  or  the  south — the  east  or  the  west.  Therefore,  if  a  building 
is  known  to  us  only  by  means  of  plans  and  other  drawings  of  that 
kind,  confined  to  the  edifice  itself,  we  may  form  very  erroneous 
ideas.  Of  course,  such  drawings  acquaint  us  with  its  actual 
dimensions,  but  leave  us  in  entire  ignorance  as  to  its  relative  size 
in  comparison  with  adjoining  or  neighbouring  buildings.  It  may 
chance,  for  instance,  to  be  so  greatly  over-topped  by  them,  that 
instead  of  answering  to  the  prepossessing  appearance  which  it 
makes  when  shown  apart  from  other  objects,  as  to  make  but  a 
rather  insignificant  appearance  in  reality ;  consequently,  much  as 
the  design  may  be  admired,  the  structure  disappoints  when  seen, 
— at  least,  at  first,  though  it  may  recover  our  first  good  opinion 
afterwards.  The  reader  knows  the  story  of  the  lady  who  fell  in 
love  with  a  portrait,  but  was  cured  of  her  passion  on  finding  that 
her  Adonis  wore  a  wooden  leg.  In  order  to  judge  what  figure  a 
building  actually  cuts,  it  is  necessary  to  know  something  more 
about  it  than  elevations,  &c.  show.  The  "  about  it "  is  here  to  be 
understood  literally ;  since,  with  regard  to  effect,  much  depends 
upon  accidents  of  site  and  locality— upon  aspect,  point  of  view, 
and  various  other  circumstances,  any  one  of  which  may  be  more 
or  less  influential,  even  taken  by  itself  singly ;  therefore,  when 
combined,  must  be  so  in  a  high  degree,  either  favourably  or  the 
reverse. 

III.  In  some  stringent  remarks  that  have  just  appeared  upon 
the  "  Houses  of  Parliament,"  in  another  publication,  it  is  hinted 
that  it  would  not  have  been  amiss  had  the  excessive  decoration  of 
the  river-front  been  considerably  moderated,  and  the  saving  so 
effected  been  applied  to  the  finishing-up  another  public  and 
national  edifice— namely,  the  pile  of  buildings  which  are  termed 
collectively  Somerset-place,  whose  now  exposed  west,  or  rather 
south-west  side,  makes  a  most  mean,  though  not  exactly  beggarly, 
appearance— yet  beggarly  as  manifesting  the  pinching  poverty  of 
a  government  which  cannot  afford  to  get  rid  of  such  an  unseemly 
public  exhibition  of  architectural  sans  culottism.  It  is  no  reproach 
to  Chambers  that  he  did  not  provide  against  an  event  which  he 
eould  not  possibly  foresee.     He  would  have  been  regarded  as  a 
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madman,  had  he  advised  that  the  terrace-front  should  be  returned 
and  continued  northward,  in  order  to  form  a  west  facade  that 
might  possibly  some  time  or  other  be  exposed  to  view,  on  the  side 
most  of  all  favoured  by  aspect.  He  could  no  more  have  any  idea 
that  Waterloo-bridge  would  be  erected,  than  that  such  architec- 
ture as  King's  College  would  be  brought  so  closely  into  contact, 
as  to  be  made  to  appear  part  of  his  design.  The  bridge  has  cer- 
tainly rendered  one  service  to  Somerset-place,  since  it  enables  us 
to  obtain  a  view  of  the  river-front  and  its  terrace.  But  the  for- 
mation of  the  street  leading  to  the  bridge  has  laid  open  to  sight 
what  was  nex  er  meant  to  be  seen  at  all,  and  therefore  now  detracts 
sadly  from  the  grandeur  of  the  facade  which  is  beheld  in  connec- 
tion with  it.  The  disparity  between  the  two  is  nothing  less  than 
offensive.  The  feeling  it  produces  is  akin  to  that  which  we  should 
experience  on  beholding  a  costly  sideboard  and  a  kitchen-dresser 
cheek-by-jowl  in  a  dining-room.  The  juxta-position  which  here 
presents  itself  is  not  like  that  of  "  pearls  upon  an  jEthiop's  arm," 
but  of  a  blooming  face  upon  the  shoulders  of  a  Blackamoor, — the 
head  of  Hebe  upon  the  shrivelled  carcase  of  a  hag ; — in  short,  we 
perceive  Chambers  and  Pecksniff  arm-in-arm  together:  no  disre- 
spect is  intended  to  the  former,  he  being  sufliciently  excused  by 
what  has  been  stated  above.  Still,  that  is  no  excuse  for  our  ne- 
glecting to  do  what  the  greatly-altered  locality  of  the  building 
renders  so  highly  desirable.  If  it  is  not  worth  while,  merely  for 
appearance-sake,  to  bestow  a  decent  architectural  exterior  on  the 
exceedingly  unsightly  and  disfiguring  range  of  building  alluded  to, 
how  can  we  reconcile  ourselves  to  the  enormous  outlay  for  mere 
embellishment  in  the  river-front  of  the  Houses  of  Parliament  ; 
and  which,  after  all,  does  not  produce  any  corresponding  degree  of 
effect .''  Either  the  "  Houses '  accuse  us  of  the  most  niggardly 
meanness  for  allowing  Somerset-place  to  remain  in  the  disgraceful 
and  unfinished  state  which  it  is  ;  or  Somerset-place  accuses  us  of 
absurdly  wanton  extravagance,  for  crowding  such  a  profusion  of 
minute  details  and  carved-work  into  that  front  of  the  "  Houses  " 
where  they  are  quite  lost,  and  where  a  few  boldly-touched  finishings 
would  have  told  quite  as  well — perhaps  even  very  much  better. 
The  west  wing  of  Somerset- place,  on  the  contrary,  though  at 
present  a  most  offensive  eye-sore — and  perhaps  doomed  to  remain 
so — is  most  admirably  situated  for  architectural  display.  There  is 
not  any  spot  in  the  whole  metropolis  which  affords  so  many  of  the 
requisites  for  a  fine  architectural  scene.  That  side  of  the  buildings 
of  Somerset-place  is  favoured,  not  only  by  aspect,  but  by  due  space 
before  it — neither  so  great  as  to  take  oft'  from  the  size  of  the 
building,  nor  insufficient  for  viewing  it  as  a  whole.  To  these  ad- 
vantages, other  peculiar  and  accidental  ones  may  be  added  :  the 
building  descends  so  much  below  the  level  of  Wellington-street,  or 
the  roadway  leading  to  the  bridge,  that  the  street  becomes  as  it  were 
a  terrace  or  elevated  staging,  from  which  it  shows — that  is,  would 
show  itself,  most  picturesquely,  were  it  a  worthy  piece  of  archi- 
tecture, instead  of  being  the  abomination  it  now  is.  When  looked 
down  upon  from  the  parajiet  of  the  road,  it  would  be  seen  rising 
statelily  from  a  deep  substructure.  And  that  west  front  and  the 
river-front — which  latter  shows  at  present  only  as  a  mere  mask — 
seen  together,  would  produce  a  fine  palatial  mass,  and  in  combina- 
tion with  Waterloo-bridge,  a  most  striking  and  noble  group  of 
architecture.  The  river-front  itself,  which  now  looks  only  like 
the  fragment  of  an  unfinished  design,  would  gain  in  importance 
by  becoming  a  portion  of  one  consistently  grand  design.  Besides 
all  which — but  let  us  have  done  with  "•  besides's."  We  have 
"  Marble  Arches,"  and  "  Nelson  Columns,"  and  "  Wellington 
Statues,"  and  a  good  many  other  things  that  shall  be  nameless,  to 
show  how  freely  tens-of-thousands  have  been  flung  away  on  very 
futile  if  not  absurd  objects.  Let  us  then  have  at  least  one  public 
edifice  that  will  serve  as  a  monument  of  our  notable  economy  and 
frugality.  Therefore,  since  so  it  must  be,  let  it  even  be  Somerset- 
place.  Let  the  foreigner  who  gazes  with  astonishment  at  such  an 
achievement  by  individuals  as  Waterloo-bridge,  look  with  asto- 
nishment of  a  different  kind — with  scornful  wonder  at  the  paltriness 
that  is  allowed  to  disfigure  and  disgrace  a  government  building 
which  might,  with  comparatively  little  cost,  be  rendered  a  uni- 
formly noble  pile. 

IV.  My  good  friends,  the  architects, — the  friendship  between  us 
is  not,  perhaps,  of  the  most  cordial  kind,  my  own  share  being 
marked  more  by  boisterous  freedom  than  by  compliments  and  cour- 
tesy— still  I  say  my  very  good  friends,  the  architects,  may  be  said 
to  have  contrived  to  outwit  and  enslave  themselves.  So  long  have 
they  gone  on  preaching  up  the  accursed  and  superstitious  doctrine 
of  its  being  unlawful  to  deviate  from  established  forms  and  propor- 
tions, or  from  the  precise  letter  of  mechanic-enacted  rules,  that 
even  those  who  could  do  so  successfully,  dare  not  even  attempt  it,  so 
greatly  do  they  stand  in  awe  of  the  sneers  of  the  whole  tribe  of 
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Incapables,  who  scout  the  idea  that  it  is  possible  for  any  other 
than  hackneyed  forms  to  be  beautiful,  and  who  flatly  deny  it  to  be 
in  the  power  of  artistic  conception  to  jiroduce  wliat,  though  dif- 
ferent in  diaractcr,  should  be  e(|ually  beautiful  in  its  peculiar  way. 
Unhapjiy  architects!  }e  have  lucked  yourselves  in,  and  iluni,^  away 
the  key  tliat  would  ojien  the  door  and  send  you  forth — the  worthy 
and  really  jjifted  auumtj  you  rcjoicinji;  once  more  in  lilierty  and 
liffht.  Unhai)py  architects  ! — unhappy  architecture,  also!  for  thou 
art  now  fettered,  and  delivered  over  to  the  tender  charge  of  thy 
jailor,  I'kecedent  ! 

V.  Precedent  is  adhered  to  even  for  that  lawless,  hybrid  style 
which  we  denominate  Elizabethan.  No  one,  indeed,  has  yet  at- 
tempted to  draw  up  a  formal  code  of  rules  and  regulations  for  it — 
perhaps,  because  it  would  be  a  task  of  very  great  labour  to  at- 
tempt to  systematize  so  chaotic  a  mass  as  the  varioTis  examples  of 
it  constitute;  any  oneof  wliich,  however  eccentric  and  exceptional, 
may  now  be  fpioted  as  sufficiently  valid  autluu'ity.  Tiiis  must  be 
allowed  to  have  its  convenience ;  no  more  being  required  than  to 
follow  Precedent  merely  piece-meal,  and  patch  up  a  design  out  of 
odds-and-ends,  taken  at  random,  and  put  together  witliout  any 
regard  even  to  general  consistency  of  composition.  The  name 
"Elizabethan,"  at  once  sanctities  all  absurdities  and  all  crudities  : 
it  operates  as  a  talisman  and  an  iegis  against  the  shafts  of  criticism. 
It  is  in  vain  to  object  to  that  offensive  inequality  of  design  which 
results  from  plainness  and  coarseness  in  some  features,  and  studied 
ornateness,  perhaps  finicality,  in  others.  The  greater  the  incon- 
gruity, the  greater,  it  would  seem,  is  the  Elizabethan-neax.  The 
utmost  and  most  convenient  latitude  is  freely  allowed  :  forms  and 
features  strongly  partaking  of  the  latest-expiring  Tudor  style  may 
he  mixed  up  ad  Ubltam  with  ultra-Italianized  ones;  no  matter  how 
incoherently,  when  incoherence  is  thought  to  belong  to,  if  not 
actually  to  be  the  very  genius  of  the  style  itself.  Although  for  a 
very  difl'erent  reason,  Elizabethan  possesses  one  great  recommenda- 
tion in  common  with  the  pure  Grecian  style.  AVhat  it  is  you  shall 
learn  by-and-by — that  is,  in  my  next  Fasciculus;  till  which  appears, 
I  leave  you  to  cogitate  upon  the  matter,  and  solve  the  riddle,  if 
riddle  it  be,  for  yourselves.  Or,  should  your  curiosity  evaporate 
in  the  interim,  it  will  not  greatly  matter.  Putting,  like  a  frugal 
hostess,  that  dainty  bit  "  by  for  supper-time,"  what  I  now  say  is, 
that  we  do  not  at  all  avail  ourselvesaswemight  doof  the  opportunity 
which  Elizaliethan  architecture  holds  out  to  us, — of  the  convenient 
jiretext  which  it  affords  us  for  working  out  a  style  founded  upon 
the  Itulimiism  or  early  Ciii'jiic-ccnlo  ideas  which,  although  they 
show  themselves  only  here  and  there  partially,  and  more  or  less 
imperfectly,  strongly  mark  those  examples  in  which  tliey  occur 
to  any  extent.  In  reverting  to  Elizabethan,  we  lune  considered 
it  rather  as  being  the  latest  stage  of  expiring  Gothic,  than  as  the 
incijiient  one  of  a  quite  different  architectural  system  ;  which,  had 
it  been  allowed  to  proceed  iw  it  originated,  and  to  develope  itself 
freely  and  naturally  out  of  its  fii-st  ru<limentary  shoots,  instead 
of  being  put  into  the  hot-house  of  Palladio  and  Jones,  would 
doubtless  have  produced  other  blossoms  and  fruits  than  those 
which  have  attended  such  "forcing"  system.  A\'hen  Elizabethan 
was  recommended  as  the  style  most  of  all  suitable  for  the  new 
Houses  of  Parliament,  people — and  architects  among  the  rest,  were 
puzzled  to  know  what  was  to  be  understood  by  such  name.  Was 
it  to  be  interiireted  literally  or  liberally?  If  the  former,  it  of 
course  excluded  every  style  that  had  been  used  before  or  up  to 
tlie  period  of  Elizabeth  s  reign,  unless  Elizabethan  and  Ante- 
Elizabethan  mean  one  and  the  same  thing,  and  unless  Elizabeth 
reigned  before  she  was  born — a  mystery  I  willingly  leave  to  wiser 
keads  than  mine.  On  the  other  hand,  if  Elizabethan  was  to  be 
interpreted  liberally  and  latitudinarially,  it  would  seem  to  imply 
that  the  style  to  be  adopted  might  bo  either  that  uhich  was  actu- 
ally employed  during  the  latter  half  tlie  Kith  century,  or  which 
afterw;u-ds  came  uj)  in  the  earlier  part  of  the  following  one;  and 
the  way  for  which  had  been  opened  by  the  infiuenct's  and  tastes 
of  the  previous  Elizabethan  period.  It  is  jiei-haps  just  as  well 
that  the  taste  of  Eliziibetli's  grandi'ather — at  least,  that  of  his 
age — was  preferred  to  that  of  her  own.  Nearly  all  tlie  competitors 
for  the  "  Houses"  eschcived  Elizabethan,  and  no  doubt  very  pru- 
dently ;  for  it  would,  perhaps,  have  occupied  them  till  nou-  to 
elaliorate  out  of  it  aught  that  wouid  have  been  both  worthy  of 
and  suitable  for  the  occasion. 

VT.  Some  are  so  very  sensitive  and  captious  about  terms  and 
names,  that  I  wonder  they  do  not  affect  to  be  scandalized  at  that 
«f  the  "  Lancet  style."  It  cannot,  indeed,  bo  said  to  be  a  very 
blunt  one;  cm  the  contrary,  it  is  sharp  enough — so  sharp  as  to 
pierce  an  ear  that  is  at  all  refined.  It  must  surely  have  been 
invented  by  Dr.  Sangrado,  or  other  practitioner  of  phlebotomy. 
<Jr  it  must  have  originated  with  the  ComjKiny  of  Barber-Surgeons, 


so  truly  barherous  is  it  in  sound.  If  not  so,  it  must  have  been  ap- 
plied in  sneering  derision  by  some  such  critics  as  those  who  make 
themselves  merry  witli  Nash's  e.r//»ry»iVi(.'r  in  Langham  place,  and 
Ban-y's  damb-iraitcrs  in  Trafalgar-square.  Lancet-style! — liorrible 
luime;  suggesting  ideas  of  bloodshed,  at  least  of  blood-letting ! 
Let  it  bo  reformed  by  all  means;  more  especially  as  ])e(q)le  are 
now  endeavouring  to  substitute  more  appropriate  terms  fur  those 
introduced  by  Hickman,  notwithstanding  that  they  have  obtained 
general  currency  among  as.  If  "  Perpendicular"  is  to  be  trans- 
formed into  "  Rectangular"  style,  surely  "  Lancet"  will  no  longer 
be  tolerated  by  "  ears  polite,"  or  ears  archacdogical.  Let  a  (Jeneral 
Council  of  Archa>ologists  be  held  forthwith  ;  let  the  Institute  as- 
semble in  solemn  or  somnolent  conclave,  to  devise  some  less  odiously 
vulgar  name  for  what  is  now  called  the  Lancet  style.  Should 
they  not  be  able  to  tliink  of  one,  still,  they  might  possibly  dream 
of  one  ;  or  else  they  go  to  sleep  to  very  little  purpose  indeed. 

VII.  Plans,  elevations,  and  sections  of  Stowe,  would  just  now 
possess  considerable  interest,  even  for  those  who  would  not  care 
for  them  at  any  other  time.  None,  however,  are  in  existence, — 
at  least,  no  published  ones.  There  is  no  work  which  so  describes 
that  princely  mansion  ; — no  plates  of  it  in  any  of  the  several  col- 
lections which  assume  the  title  of  "  Vitruvius  Britannicus,"  al- 
though they  all  contain  subjects  of  far  inferior  note,  and  inferior 
merit  also,  and  more  than  one  which  has  nothing  whatever  to 
recommend  it.  Almost  all  that  is  known  of  the  architectural 
authorship  of  Stowe  is,  that  the  original  house  is  said  to  have 
been  designed  by  Viscount  Cobhani,  and  the  additions,  comprising 
the  stately  south  front,  by  the  first  Lord  Camelford  (about  the  year 
1775).  \'anbrugh  and  Kent  designed  some  of  the  garden-buildings; 
but  of  the  professional  architects  employed  upon  the  mansion 
itself,  the  only  names  which  appear  to  be  known  are  those  of 
Borra  and  Valdre,  both  foreigners.  Stowe  is  infinitely  too  modern 
to  excite  any  sympathy  among  the  admii'ers  of  ruins  arid  rubbish. 
When  it  becomes  an  antiquity,  and  thereby  entitled  to  the  epithet 
of  "  venerable,"  it  may  acquire  tluit  value  in  the  eyes  of  posterity 
which  it  has  not  in  our  own.  And  let  us  hope  that  it  will  be  per- 
mitted to  remain ;  and  not  doomed  to  be  taken  down  and  sold 
])iecemeal,  as  were  both  W^anstcad  and  AVorksop.  Wc  can  ill- 
afford  to  spare  such  an  example  of  a  palatial  English  residence, 
now  that  nothing  else  of  the  same  class  and  character  is  erected. 
Scarcely  a  mansion  of  any  architectural  note  at  all  has  been 
erected  for  many  years.  What  few  large  country-houses  have 
been  built,  mostly  affect  antiquity,  without  either  the  charm  or  the 
merit  of  it.  The  tide  now  runs  in  favour  of  Model  Lodging- 
houses  and  Buckingham  Palaces, — of  Baths  and  A\'ashing-houses : 
but  Greenwich  Hospitals,  and  Blenheims  and  Stowes,  are  quite  be- 
yond our  mark.  Neither  the  aristocracy  of  rank  nor  the  aristocracy 
of  wealth  patronise  such  architectural  grandeur  as  marks  the  last- 
mentioned  piles.  Let  it  not  he  supposed  from  this,  that  unqualified 
praise  of  either  Blenheim  or  Stowe  is  intended.  In  both  of  them 
there  is  much  to  censure — a  great  deal  that  might  be  many  degrees 
better :  still,  there  is  the  magnificent  and  the  nuble — which,  as 
things  now  go,  is  a  very  great  deal  indeed.  As  to  the  grandiose, 
where  will  you  now  find  it.''  Go  and  look  for  it  in  the  fayades  of 
the  British  Museum  or  Buckingham  Palace ;  and  if  you  can 
discover  it  there,  you  may  congratulate  yourself  as  being  able  to 
discover  the  longitude  also. 


NOTES  ON  ENGINEERING.— No.  X. 

By  IIosiERsnAM  Cox,  B.A. 

The  Dt/namu:al  Deflection  and  Strain  of  Railway  Girders. 

There  is  no  subject  in  practical  science  which  has  been  more 
elaborately  investigated  than  the  theory  of  the  statical  transverse 
strength  of  beams.  It  has  fortunately  happened  that  two  different 
classes  of  investigators — mathematicians  and  experimentalists — 
have  cooperated  in  the  reseaixh :  and  the  result  of  their  united 
labours  has  been  a  valuable  and  comprehensive  system  of  know- 
ledge. 

But  the  HTNAMicAi,  strength  of  beams,  or  their  capability  of  sus- 
taining weights  moving  rapidly  over  them,  has  never  been  satis- 
factorily discussed.  There  does  not  appear  to  be  extant  a  single 
theoretical  investigation  of  this  subject — and  the  deficiency  is  due 
to  two  causes :  it  occurs  partly  because  the  subject  has  but  com- 
paratively recently  grown  into  importance  ;  partly  because  of  its 
excessive  and  insujierable  difficulties  when  investigateil  by  the 
exact  methods  of  theoretical  mechanics.  The  following  paper  is 
a  contribution  to  a  more  accurate  knowledge  of  this  important 
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question,  which  has  at  lenfrth  attracted  the  attention  due  to  its 
influence  on  tlie  secui-ity  of  railu-ay  traffic.  The  necessity  of 
further  inquiry  seems  to  be  generally  acknowledged  among  engi- 
neers ;  and  by  the  recommendation  of  the  Commissioners  of  llail- 
«-ays,  in  a  published  minute  of  the  29th  of  June  IS-IT,  a  government 
commission  has  Ijeen  appointed  for  the  very  purpose.  Tlie  minute 
exi)resses  a  doubt  "  whethei'  the  experimental  data  and  the  theo- 
retical principles  at  present  known  are  adequate  "  for  the  "  design- 
ing iron  bridges,  when  these  are  to  be  traversed  by  loads  of  extra- 
ordinary weight  at  great  velocities." 

There  seems  to  exist  gi'Bcit  discrepancy  of  opinion  as  to  the 
effect  of  the  velocity  of  transit.  Some  have  imagined  tiiat  it  may 
become  a  source  of  safety,  by  causing  the  railway  train  to  pass 
over  before  the  girder  has  had  time  to  yield.  Others,  again,  have 
estimated  tiie  effect  of  the  moving  load  as  highly  as  six  or  seven 
times  that  of  the  same  load  at  rest.  In  the  following  investiga- 
tion, both  these  opinions  will  be  shown  to  be  incorrect :  they  are 
here  cited  merely  as  indications  of  the  extreme  uncertainty  pre- 
valent on  the  subject. 

The  method  of  inquiry  about  to  be  explained  consists,  not  in 
determining  the  dynamical  strain  absolutely,  but  by  comparison 
witli  the  corresponding  statical  strain.  The  results  will  conse- 
quently be  much  simpler  than  they  would  be  if  the  dynamical  strain 
were  estimated  independentl}'.  The  deflection  which  a  given  load 
ai  reM  upon  a  girder  produces,  will  be  always  taken  as  one  of  the 
known  data  of  the  problem.  The  determination  of  this  .statical  de- 
flection, as  it  forms  the  basis  of  all  the  remaining  calculations,  is 
the  first  point  of  inquiry. 

When  a  beam  is  not  affected  by  a  permanent  set  or  defect  of 
elasticity,  it  appears,  both  from  theory  and  actual  experiment, 
that  the  deflection  by  a  weight  resting  at  its  centre  is  very  nearly 
proportional  to  that  weight — that  is,  if  a  given  number  of  tons 
deflect  it  one  inch,  double  the  number  of  tons  will  deflect  it  two 
inches.  This  result  is  arrived  at  by  Professor  Moseley  in  his  "  i\Ie- 
chanical  Principles  of  Engineering,"  and  M.  Navier  in  his 
"  Resume  de  Lemons  de  Construction,"  by  independent  methods. 
Its  near  accordance  with  practical  truth  has  been  abundantly  con- 
firmed by  experiment,  as  may  be  verified  by  reference  to  numerous 
published  accounts  of  actual  observations  on  the  subject,  and  es- 
pecially to  Mr.  Hodgkinson's  invaluable  "  Experimental  Re- 
searches on  the  Strength  of  Cast-iron."  This  work  gives  the 
results  of  an  exceedingly  large  number  of  experiments,  made 
by  the  author  and  others,  on  the  transverse  strength  of  beams 
loaded  at  their  centres ;  and  although  these  beams  were  of  very 
different  forms  and  dimensions,  the  law  indicated  is  nearly  observed 
in  all  of  them.  Whether  the  section  of  the  beam  be  rectangular, 
triangular,  or  T-shaped,  with  the  vertical  rib  either  upwards  or 
downwards,  the  constant  ratio,  in  each  beam,  of  each  deflection  to 
the  corresponding  load  is  nearly  maintained  :  and  the  same  remark 
applies  to  beams  of  the  form  most  useful  for  railway  purposes — 
that  of  an  upper  and  lower  flange  connected  by  a  vertical  rib. 

It  will  be  found,  however,  by  reference  to  the  tables  in  Mr. 
Hodgkinson's  %vork,  that  the  actual  deflections  are  somewhat  more 
than  the  theoretical  law  would  make  them.  This  discrepancy  may 
be  accounted  for  by  attributing  it  to  the  defect  of  elasticity,  which 
the  ordinary  theory  of  beams  does  not  consider.  As  this  defect 
is  not  generally  very  great,  it  will  here  in  the  first  instance  be 
neglected :  the  deflections  will  primarily  be  estimated  as  if  the 
elasticity  were  perfect ;  and  subsequently  the  modifications  due 
to  defect  of  elasticity  will  be  taken  into  consideration. 
Work  Done  on  the  Deflection  of  a  Beam. 

The  "  work  done"  by  a  moving  force  may  be  defined  to  be  the 
product  of  that  force  into  the  distance  through  which  it  acts,  A 
familiar  instance  of  the  use  of  this  measure  is  the  Steam-Engine  ; 
where  the  work  done  receives  the  particular  name  of  Horse-Power. 
If  the  pressure  on  the  piston  were  uniform, that  pressure(in  pounds) 
multiplied  by  the  distance  through  which  it  is  exerted  (in  feet) 
would,  if  divided  by  33,000,  give  the  horse-povver.  But  in  the 
steam-engine,  and  all  other  practical  instances,  where  the  pressure 
is  not  uniform,  but  varying,  it  is  impossible  to  calculate  the  work 
done  by  this  direct  multiplication.  Where  the  value  of  the 
moving  force  is  constantly  altering,  we  may  resort  to  either  of  the 
following  methods  of  ascertaining  the  work  done  by  it, — we  may 
multiply  its  average  value  by  the  distance  through  which  it  acts ; 
or,  when  that  average  cannot  be  ascertained,  we  may  consider  the 
whole  distance  divided  into  elementary  portions,  so  small  that  it 
may  be  supposed  without  sensible  error — that  the  pressure  is  at 
least  uniform  while  it  acts  through  each  portion  in  succession. 
The  aggregate  work  done,  is  the  sum  of  the  work  done  on  each  of 
these  portions — that  is,  it  is  the  sum  of  the  products  of  each  por- 
tioa  of  the  distance  and  the  corresponding  pressure. 


This  process  of  summation,  when  carried  out  with  the  greatest 
possible  accuracy,  is  e(iuivak'nt  to  that  of  matliematical  integra- 
tion ;  in  which  case,  the  work  done  by  a  varying  pressure  may  be 
defined,  in  mathematical  language,  to  be  the  integral  of  the  jiroduct 
ot  the  pressure,  and  its  "  virtual  velocity."  Tiie  w(u-k  done  in 
deflecting  a  beam  by  pressure  at  its  centre'  is  easily  ascertained,  if 
tliat  pressure  be  assumed  proportional  to  the  deflection.  Calling 
the  deflection  .r,  and  therefore  the  pressure  a  x  (where  a  is  a  con- 
stant depending  on  the  dimensions  &c.  of  tlie  beam)  we  have- 
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jNow  —  IS  the  pressure  or  weight  which  would  statically  maintain 

half  the  deflection  x.     Hence,  the  work  done  in  producing  a  given 
deflection  is  equal  to  the   weig/it  which  would  .stuticolhi  maintain  half 
the  deflection,  multiplied  by  tlie  ichole  distance  of  deflection. 
The  value  of  this  rule  will  appear  hereafter. 

Distinction  of  Gradual  and  Instantaneous  Loading. 

AV'Iien  experiments  are  made  on  the  strength  and  deflection  of 
beams,  they  are  generally  loaded  very  gradually  at  their  centres. 
Each  addition  to  the  load  is  allowed  to  produce  its  full  efl'ect 
before  more  be  imposed.  Consequently,  at  every  stage  of  the  ex- 
periment, tlie  beam  is  in  a  state  of  statical  equilibrium  :  the  pres- 
sure of  the  load  on  the  beam  is  always  just  equal  to  its  weight, 
and  is  never  increased  by  any  momentum  arising  from  downward 
velocity. 

But  if  the  whole  load  be  suddenly  and  at  once  placed  on  the 
beam,  while  it  is  as  yet  undeflected,  the  cfi'ects  are  entirely  altered. 
Tlie  deflection  is  greater  than  tlie  same  load  would  produce  if 
gradually  applied :  for  when  the  beam  lias  reached  the  point  of 
statical  deflection, the  momentum  acquired  bythe  downward  motion 
urges  it  further;  and  the  descent  of  load  continues  till  it  be  brought 
w/^  (so  to  speak)  by  the  increased  resistance  of  the  beam.  After- 
wards, the  be.am  and  load  rise  again,  as  the  deflection  has  been 
carried  beyond  the  degree  at  which  it  can  be  statically  maintained. 

In  the  case  here  supposed  of  instantaneous  loading,  nothing 
like  impact  or  sudden  collision  occurs.  The  pressure  at  tlie  centre 
of  the  beam  is  finite  and  continuous.  The  load  does  not  fall  upon 
the  beam — it  is  merely  supposed  to  be  placed  originally  in  close 
contact  with  the  beam,  and  then  suffered  to  instantaneously  rest 
upon  it. 

F(U'  the  sake  of  elucidation,  one  or  two  instances  of  analogous 
action  may  be  cited.  If  a  common  balance  have  its  fulcrum  above 
the  points  of  suspension  of  the  scales,  and  a  weight  suddenly  rest 
in  one  of  the  scales,  tlie  lever  will  turn  through  a  much  greater 
angle  than  if  the  same  weight  were  applied  in  small  successive 
portions. 

If  an  elastic  string  suspend  vertically  a  weight  from  one  end  of 
it,  the  string  will  be  more  stretched  if  the  whole  weight  be  suffered 
to  act  at  once,  than  if  applied  in  small  portions.  It  will  be  found, 
that  if  the  extension  of  the  string  be  proportional  to  the  stretch- 
ing force,  the  extension  produced  by  the  descending  freight  will 
be  twice  that  due  to  tlie  gradual  effect  of  the  same  weight. 

A  light  cylinder  of  wood,  hiaded  at  its  lower  end,  and  floating 
vertically  in  water,  furnishes  another  iUustration.  If  the  cylinder 
be  raised  a  little  above  its  position  of  equilibrium  and  then  let  go, 
it  will  sink  twice  the  distance  it  has  been  raised,  if  tlie  motion  be 
so  small  that  the  resistance  is  equal  to  the  hydrostatical  jiressure. 

In  the  same  way,  in  a  perfectly  elastic  horizontal  beam,  loaded 
at  its  centre,  the  effect  of  instantaneous  loading  is  double  that  of 
gradual  loading.  For,  by  a  known  principle  of  mechanics,  when  a 
material  system  moves  from  one  position  of  rest  to  another  position 
of  rest,  the  work  done  by  the  retarding  forces  is  equal  to  the  work 
done  by  the  accelerating  forces.  For  any  small  deflection  of  a  beam 
by  instantaneous  loading,  its  position  of  ultimate  deflection  is  one  of 
instantaneous  rest,  for  immediately  before  it  arrives  at  that  posi- 
tion, all  the  parts  of  the  beam  descend,  and  immediately  after, 
ascend.  Also,  the  work  done  by  the  accelerating  force  is  the 
weight  actually  resting  on  the  beam,  multiplied  by  the  space  of 
deflection  :  and  the  work  done  by  the  retarding  forces  is,  by  what 
has  been  said  above,  "  equal  to  the  weight  which  would  statically 
maintain  half  the  deflection,  multiplied  by  the  whole  distance  of 
deflection."  Therefore,  putting  the  two  amounts  of  work  done  equal 
to  one  another,  we  see  that  the  weight  actually  upon  tliie  beam  is 
that  which  would  statically  maintain  half  the  deflection.  In  other 
words,  the  deflectUm  is  doubled  by  instantaneous  loading. 

Transit  of  a  Single  Weight. 

We  now  proceed  to  examine  the  effect  of  the  transit  of  a  single 
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weight  along  the  pirder,  and  first  of  all  to  show  tliiit  its  effect 
cnnnot  exceed  that  which  it  has  just  heen  estimated  to  produce,  if 
stationed  at  the  centre  of  the  girder  and  an()we<l  to  descend  freely 
from  the  undeflected  ])Osition — in  otiier  words,  it  will  l)e  proved  tliat 
at  whatever  rate  tlie  weight  may  travel  over  the  girder,  its  ulti- 
mate strain  and  deflection  cannot  be  more  than  double  the  corre- 
sponding statical  effects  produced  when  it  restn  at  the  centre  of 
the  girder. 

There  is  a  general  rule  of  constant  nse  in  engineering  which, 
expressed  in  practical  language,  states  that  power  is  never  gained, 
but  only  modiiied,  by  the  intervention  of  machinery.  This  rule 
may  be  more  scientifically  expressed  and  extended  by  tracing  it  to 
its  origin — it  is  a  particular  case  of  the  ])rinciple  known  in  theo- 
retical mechanics,  as  the  Conservation  of  Vii  Vim.  This  ]>rinciple 
may  be  very  conveniently  enunciated  by  employing  tlie  term 
'•  work  done,"  as  defined  aliove  :  and  it  then  assumes  this  form  of 
enunciation— that  the  vU  viva  gained  or  lost  by  a  system  in  moving 
from  one  position  to  another,  is  equal  to  twice  the  difference 
between  the  work  done  by  the  accelerating,  and  that  done  by  the 
retarding,  forces  in  the  same  interval. 

From  this  it  follows,  that  where  there  is  no  gain  or  loss  of  vis 
viva,  there  is  no  difference  between  the  work  done  by  the  accele- 
rating and  retarding  forces  respectively.  Hence,  if  the  i)arts  of 
the  system  be  moving  at  the  same  velocity  in  the  second  position 
as  in  the  first — or  if  both  ])Ositions  be  positions  of  rest — the  ag- 
gregate work  done  in  the  interval  by  the  retarding  forces  is  equal 
to  that  done  by  the  accelerating  forces. 

A  very  simple  case  will  illustrate  this  theorem.  If  a  locomo- 
tive-engine travel  a  mile  along  a  railway,  and  its  velocity  at  tlie 
end  of  the  mile  be  the  same  as  at  tlie  beginning  of  the  mile,  the 
work  done  by  all  the  forces  which  have  resisted  its  motion  is  in 
the  aggregate  just  equal  to  the  horse-power  developed  in  the 
Kteam-cylinders.  And  this  equality  holds  good,  however  the 
engine  have  moved  in  the  interval — whether  on  a  straight  level 
road,  or  on  severe  curves  and  gradients — whether  the  speed  were 
uniform  or  very  irregular — whether  the  steam  were  on  the  whole 
time,  or  the  engine  during  large  parts  of  the  journey  moved  by  its 
momentum  only.  The  intermission  of  the  moving  force  and  all 
other  irregularities  disappear  in  the  result.  To  establish  equality 
l>etween  the  work  done  in  moving,  and  that  done  in  retarding,  the 
engine,  all  that  is  necessary  is  that  tlie  engine  be  moving  neither 
faster  nor  slower  at  the  end  of  the  mile,  than  at  the  beginning 
of  it. 

Another  illustration  will  serve  to  show  the  extreme  generality  of 
the  princi])le  in  question.  If  a  certain  quantity  of  water  have  to 
be  raised  a  certain  lieight,  the  amount  of  work  actually  requisite 
for  effecting  the  object  is  in  all  cases  equal  to  the  weight  of  water 
multiplied  by  the  vertical  height.  This  amount  of  necessary 
power  or  work  is  incapable  of  being  diminished  by  any  mechanical 
ui-  hydraulic  contrivance.  The  water  may  be  contained  in  a  vessel 
vtIucIi  is  drawn  up  perpendicularly,  as  from  a  well,  or  which  is 
drawn  up  an  inclined  plane  or  by  a  sjiiral  path  ;  or  the  water  may 
be  raised  by  an  Archimedian  screw,  or  by  buckets  attached  to  the 
periphery  of  a  revolving  wheel,  or  by  a  hydraulic-ram,  or  by  a 
force-pump ;  or  lastly,  it  may  be  thrown  up  in  a  jet,  as  from  a 
fountain  or  fire-engine.  But  it  is  pliysically  impossible,  by  these 
or  any  other  methods,  to  diminish  the  requisite  amount  of  labour. 
Jt  is,  of  course,  easy  to  increase  the  amount  by  a  waste  or  unpro- 
fitable expenditure  of  labour,  such  as  is  caused  by  friction  of  the 
machinery,  or  the  mutual  action  of  the  particles  of  water  among 
themselves.  But  supposing  no  waste  of  force  to  occur — supposing 
all  the  power  usefully  employed  in  simply  raising  the  water  witli- 
out  doing  anything  else;  then  the  amount  of  that  power  is  in  all 
cases  just  what  has  been  stated — the  weight  of  water  multiplied 
by  the  vertical  distance  through  which  it  is  raised. 

The  rule  is  of  universal  application,  and  tliere  is  no  otlier  prin- 
ciple of  dynamics  of  such  great  and  constant  utility  in  practical 
science ;  for  it  embraces  all  those  cases  of  motion  witli  whicli  the 
engineer  happens  to  be  concerned — cases  where  the  motion  either 
ceases,  or  has  the  same  values,  at  regularly-recurring  intervals. 

The  case  before  us,  of  the  transit  of  a  weight  along  a  girder, 
is  a  striking  exemplification  of  this  Principle  of  the  Conservation 
of  Work.  For  tliis  principle  enables  us  immediately  to  compare 
the  effect  of  a  weight  moving  along  the  girder,  and  that  of  the 
game  weight  stationed  at  its  centre,  and  descending.  If  the  de- 
flection lie  the  same  in  both  cases,  the  work  done  by  the  descent  of 
the  load  in  both  cases  is  the  same — namely,  the  weight  multiplied 
by  tlie  vertical  descent  :  and  this  is  true,  whatever  be  tlie  patli  of 
descent.  Now,  it  has  already  been  shown,  that  in  the  case  of  in- 
stantaneous loading,  the  work  done  by  the  descent  of  the  weight  is 
equal  to  that  necessary  to  produce  in  the  beam  the  deflection  whicli 


twice  the  weight  would  statically  maintain.     Hence,  the  travelling 
weiglit  can  do  no  more. 

The  value  of  this  conclusion  appears  the  greater,  when  it  is  con- 
sidered that  it  avoids  all  hazardous  hypotheses  as  to  the  forms 
assumed  by  the  beam  during  the  transit.  However  the  beam 
may  lie  bent — whatever  may  be  the  nature  of  its  vibrations  and 
internal  action,  this  is  certain, — that  when  its  elasticity  is  un- 
impaired, a  weiglit  travelling  along  it  cannot,  under  any  circum- 
stances wliatever,  more  than  double  its  corresponding  statical  de- 
flection. To  suppose  it  capable  of  doing  more,  is  to  suppose  the 
physical  inipossilnlity  of  a  gain  of  power. 

But  though  the  travelling  weiglit  cannot,  under  any  circum- 
stances, produce  more  than  double  the  statical  deflection,  it  is 
quite  possible  that  it  may  do  less:  A  large  portion  of  the  work 
done  by  the  weight  may  be  absorbed  in  producing  lateral  vibra- 
tions and  other  irregularities  of  motion  in  the  beam.  All  these 
concomitant  operations  act  by  way  of  diminution,  and  tend  to  make 
the  dynamical  deflection  less  than  double  the  statical  central  de- 
flection. 

In  determining  the  actual  amount  of  this  diminution,  the  velo- 
city of  transit  must  be  taken  into  account.  For  that  there  is 
some  particular  velocity  for  which  the  deflection  is  a  maximum, 
is  obvious  from  this  simple  consideration — that  when  the  weight 
travels  exceedingly  slowly  along  the  beam,  it  always  exerts  n 
statical  pressure,  and  does  not  tend  to  increase  by  momentum  the 
deflection  beyond  its  statical  amount  ; — and,  on  the  other  hand, 
when  the  weight  travels  with  excessive  rapidity,  it  may  not  have 
time  during  the  transit,  to  sink  even  the  distance  of  statical 
deflection.  To  take  the  limiting  case,  when  the  velocity  is  inde- 
finitely great,  the  descent  of  the  weight  must  be  indefinitely 
small ;  for  even  if  it  fell  freely,  and  there  were  no  beam  to  support 
it,  the  distance  of  descent  in  an  indefinitely  short  time  is  inap- 
preciable. 

Effect  of  the  Inertia  of  the  Beam. 

There  is,  then,  between  the  exceedingly  high  and  the  exceed- 
ingly low  velocity,  some  particular  intermediate  speed  which  pro- 
duces the  greatest  possible  deflection.  Before,  however,  consider- 
ing what  that  velocity  is,  or  endeavouring  to  establish  a  direct 
relation  between  the  velocity  and  the  deflection,  it  is  necessary  to 
examine  more  particularly  the  case  j  ust  referred  to — where  the 
velocity  of  transit  is  so  great,  that  the  weight  has  not  time  to 
sink  beyond  a  certain  degree. 

Now,  there  are  two  ways  in  which  this  consideration  of  time 
might  be  supposed  to  affect  the  amount  of  deflection.  The  first  is 
that  already  stated,  where  the  period  of  transit  is  so  short,  that 
even  if  the  weight  descended  freely,  w  ithout  support  from  the  beam, 
its  descent  would  be  inconsiderable.  This  case  may,  however,  be  at 
once  excluded,  when  it  is  considered  that  at  all  practicable  railway 
velocities,  the  time  of  transit  over  a  long  girder  (50  to  80  feet) 
could  not  be  much  less  than  one  second,  that  a  body  would  fall 
freely  upwards  of  IG  feet  in  tliat  time,  and  that  its  actual  descent 
(equal  to  the  deflection  of  the  girder)  is  only  a  few  inches. 

But  there  is  another  way  in  which  the  consideration  of  time 
might  be  supposed  to  affect  the  deflection  :  there  might  not  be 
time  enough  to  overcome  the  inertia  of  the  beam.  This  case 
requires  more  particular  examination. 

A  person  skating  over  a  weak  piece  of  ice  may  sometimes,  by 
moving  rapidly,  glide  over  it  safely  before  it  have  time  to  break — 
that  is,  before  the  pressure  of  his  body  have  impressed  on  the  ice 
the  downward  motion  sufficient  for  it  to  attain  the  point  of 
fracture  while  he  is  passing  over  it.  Now,  by  the  general  princi- 
ples of  mechanics,  the  same  pressure  which,  acting  for  a  given 
time,  would  produce  a  great  velocity  in  a  small  mass,  w  ill  produce 
proportionably  little  velocity  in  a  large  mass.  In  order  then 
that  the  inertia  of  the  ice  may,  in  the  case  supposed,  be  a  cause  o£ 
safety,  it  must  be  large  in  comparison  w  ith  the  pressure  acting  on 
it ;  that  is,  the  mass  of  ice  acted  upon  must  greatly  exceed  the 
mass  of  the  man's  body. 

In  the  same  way,  in  order  that  the  inertia  of  a  girder  might  be 
a  cause  of  security,  the  mass  of  the  girder  must  be  very  much 
greater  than  that  of  the  train  passing  over.  But  it  will  be  shown 
tliat  the  mass  of  the  former  does  not,  for  heavy  loads,  exceed 
tliat  of  the  latter  so  greatly  as  to  perceptibly  diminish  the  deflec- 
tion. It  has  sometimes  been  found  useful  to  add  to  the  inertia  of 
the  girder  by  laying  on  it  heavy  ballast,  and  by  this  means  the 
structure  is  rendered  steadier, — that  is,  the  slight  lateral  oscilla- 
tions and  other  irregularities  of  motion  are  reduced.  But  it 
is  only  these  smaller  or  subsidiary  movements  that  can  be 
diminished  by  adding  to  the  weight  of  the  girder.  Its  mass,  and 
that  of  the  permanent  load  upon  it,  is  not  in  generalso  large  as  to 
materially  influence  the  main,  or  vertical,  deflection,  when  pro- 
duced by  nearljr  as  heavy  a  load  as  it  will  safely  bear. 


lRi.S.1 


THE  CIVIL  ENGINEER  AND  ARCHITECTS  JOURNAL. 


3«1 


When  the  train  passes  over  the  g-irder,  the  centre  of  gravity  of 
the  whole  system  sinks,  the  impressed  moving  force  downwards 
being  the  weight  of  the  train,  and  the  motion  of  the  centre  of 
gravity  being  retarded  by  the  elastic  force  of  the  girder. 

To  take  a  case  every  way  unfavourable  to  the  conclusion  which  we 
wish  to  establish,  let  tlie' greatest  deflection  he  3  inches,  and  the 
velocity  of  the  transit  so  great  that  the  weight  passes  over  the  girder 
in  a  second  of  time.  This  would  be  the  time  of  transit  over  a  girder 
88  feet  long,  at  the  rate  of  a  mile  a-minute.  Now,  tlie  extreme  de- 
flection may  be  supposed  to  be  accomplished  in  half  the  time  of 
transit,  or  the  centre  of  the  girder  sinks  3  inches  in  half  a  second. 
The  centre  of  gravity  of  the  whole  system  at  no  time  sinks  so 
much  as  the  centre  of  tlie  beam  sinks,  for  its  two  ends  do  not  sink 
at  all.  On  the  whole,  it  seems  an  ample  allowance  to  suppose  the 
maximum  vertical  descent  of  the  centre  of  gravity  of  the  beam  Ig 
inch.  Now,  to  find  the  work  which  would  alone  produce  this  velo- 
city, we  must  have  an  equation  of  vis  viva,  excluding  the  retarding 
force. 

By  the  ordinary  rules  for  calculating  the  rectilineal  motion  of 
bodies,  if  a  given  mass  j\l  originally  at  rest  be  acted  upon  at  its 
centre  of  gravity  by  one  iiniform  force  /moving  through  a  space 
J  in  the  time  (, 

2  M  a;  =/(''. 

Suppose  the  force  to  be  that  of  a  small  weight.  The  mass  of  this 
weight  will  be  found  (on  substituting  numerical  values  and  putting 
gravity  r=  32)  to  be  only  the  32d  part  of  M,  if  the  latter  move 
through  1^  inch  in  half  a  second. 

The  beam  is  usually  constructed  to  bear  a  pressure  considerably 
exceeding  its  own  weight.  In  that  case  less  then  one  S2d  of  the 
work  actually  exerted  by  the  travelling  weight  would  suffice  for 
the  mere  acceleration  of  the  beam  :  and  we  come  to  tlie  conclusion, 
that  even  at  the  highest  practicable  velocity,  the  power  required 
to  set  the  beam  in  motion  subtracts  very  little  of  the  power 
producing  deflection.  In  other  words,  when  the  mass  of  the  load 
is  not  small  compared  with  that  of  the  beam,  the  deflection  is 
never  materially  influenced  by  the  inertia  of  the  beam. 

Influence   of  the    Velocity   of    Transit  on   the   Deflection 
in  the  case  of  a  Single  Weight. 

Having  arrived  at  the  important  conclusion  that  when  the 
travelling  weight  is  large,  the  inertia  of  the  beam  is  an  immaterial 
consideration,  or  that  the  efl^ective  moving  forces  are  inconsiderable 
compared  with  the  impressed  forces,  we  might  suppose  the  mutual 
pressure  between  the  beam  and  the  weight  statically  equal  to  the 
force  which  the  former  by  its  elasticity  exerts  in  an  upward 
direction  to  resist  deflection. 

But,  in  fact,  the  mutual  pressure  between  the  beam  and  the 
weight  is  an  unknown  force,  not  generally  susceptible  of  exact  de- 
termination. During  the  first  part  of  the  motion,  the  weight  does 
not,  so  to  speak,  exert  its  full  pressure  on  the  beam,  for  the 
surface  yields  and  recedes  before  it.  During  the  latter  part  of  the 
descent,  on  the  contrary,  the  pressure  in  question  exerts  a  supe- 
rior power,  to  destroy  the  momentum  previously  acquired  by  the 
descending  weight.  The  weight  then  moves  downwards,  first 
with  an  accelerated,  and  subsequently  with  a  retarded,  velocity  : 
or  the  pressure  on  its  under  .side  is  in  the  former  stage  of  motion, 
less,  and  in  the  latter  stage  greater,  than  the  effect  of  gravity. 

The  path  of  the  weight  is  likewise  unknown,  for  the  motion  is 
made  up  of  two  parts — the  motion  along  the  beam,  and  the  motion 
of  the  beam  itself.  If,  indeed,  it  be  assumed  that  the  motion  is 
always  along  the  beam,  or  that  at  every  instant  the  curvature  of 
the  beam  has,  at  the  point  of  mutual  contact,  the  same  tangent  as 
the  path  of  the  weight,  the  problem  would  be  capable  of  soluti(m. 
The  investigations  of  Professor  Moseley  and  M.  Navier  have  de- 
termined the  curvature  of  the  beam  sufficiently  to  aiford  means  of 
tracing  the  curve  described  by  the  moving  weight ;  and  therefore 
its  pressure,  which  is  equal  to  its  centrifugal  force  -|-  the  effect  of 
gravity,  might  be  ascertained. 

The  hypothesis  which  would  lead  to  these  results  is,  however, 
arbitrary  and  unsafe  :  and  besides,  the  curvature  of  the  beam  as 
mathematically  determined,  is  not  exactly  that  which  occurs  in 
actual  practice,  where  the  elasticity  is  always  more  or  less  imperfect. 
The  difficulty  is  however  of  no  great  importance,  because,  as  will 
be  presently  shown,  it  does  not  occur  where  the  moving  body  is  not 
a  single  weight,  but  a  long  train.  And  the  subject  is  here  referred 
to,  merely  to  show  the  almost  insuperable  difficulties  of  determin- 
ing the  motion  of  a  single  weight  along  an  elastic  beam. 
Uniformly  Distributed  Load. 

We  have  hitherto  considered  the  effect  of  a  single  weight  press- 
ing only  at  one  point  of  the  girder.  The  more  important  practi- 
cal case,  where  the  pressure  is  applied  to  a  considerable  surface, 
remains  to  be  examined. 


In  entering  upon  this  inquiry,  the  consideration  of  horizontal 
motion  will  be  in  the  first  instance  excluded.  The  distinction 
between  the  effects  of  gradual  and  instantaneous  loading  lias  been 
already  pointed  out,  in  reference  to  a  single  weight  ;  and  the 
comparison  may  now  be  extended  to  the  case  of  an  uniformly 
distributed  load.  If  this  load  be  gradually  laid  on,  it  produces  less 
deflection  than  when  laid  on  all  at  once.  A  series  of  weights  applied 
simultaneously  all  along  the  undeflected  girder,  will  move  vertically 
downwards,  and  acquire  momentum  which  has  to  be  destroyed  by 
an  increased  exertion  of  the  elastic  forces  of  the  girder.  In  this 
case,  as  in  that  of  a  single  weight,  the  ultimate  deflection  and 
pressure  will  be  doubled,  as  will  be  demonstrated  by  analogous 
principles. 

The  beam  being,  as  before,  supposed  to  be  perfectly  elastic,  the 
central  deflection  is  proportional  to  the  weight  of  the  uniformly 
distributed  load.  If  a  be  the  length  of  the  beam,  x  the  central 
deflection,  u  the  weight  of  a  unit  of  length  of  the  load,  we  may 
put  u  a  ^  a  .r,  where  a   is  a  determinate  constant. 

Let  x\  y'  be  co-ordinates  of  any  point  in  the  surface  of  the 
beam,  which  is  supposed  to  have  the  same  curvature  as  its  neutral 
axis.  Then  as  the  curvature  is  always  exceedingly  small,  u  dy'  is 
the  weight  of  an  element  of  the  load,  anAudy'  dx'  represents 
the  product  of  this  weight  and  its  virtual  velocity,  when  the 
centre  of  the  beam  is  displaced  through  a  small  vertical  distance 
d.r.  The  product  of  all  the  pressures  and  the  corresponding 
virtual  velocities  is  equivalent  to 


/ 


ud  x'  d  y". 


taking  y'  between  the  limits  0  and  a.  It  may  mathematically  ba 
shown  that  this  integral  is  equal  to  u  a  d.r,  where  .r  is  the  vertical 
ordinate  of  the  centre  of  gravity  of  the  load.  Also,  from  the 
equations  given  by  Professor  Moseley,  in  his  "  Principles  of  En- 
gineering," Art.  374,  it  may  be  shown  by  a  simple  process,  which  is 
here  omitted  for  the  sake  of  brevity,  that  x  is  proportional  to  x, 
and  may  therefore  be  put  =  /3  x,  where  3  is  a  determinate  constant. 
Hence,  ua  d  x  =:  a  fix  d x. 
The  integral  of  this,  between  limits  0  and  x,  is  the  total  work 
done  in  producing  the  central  deflection.     This  integral  is  equal  to 
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Or  the  "  work  done"  is  equivalent  to  that  produced  by  a  weight 
which  would  statically  maintain  half  the  deflection,  moving 
through  the  whole  space  which  the  centre  of  gravity  actually  de- 
scribed. Hence,  by  the  same  reasoning  as  applied  to  the  case  of  a 
single  weight,  the  statical  deflection  and  pressure  are  doubled  by  in- 
ttantuneous  loading. 

Transit  of  a  Continuous  Load. 

By  combining  the  conclusion  just  arrived  at  with  the  principle 
which  has  here  been  termed  the  Principle  of  the  Conservation  of 
Work,  it  is  readily  seen  that  the  statical  strain  and  deflection 
cannot  be  more  than  doubled  by  the  transit,  at  any  horizontal 
velocity,  of  a  uniform  load  of  the  same  lengrth  as  the  girder. 
Indeed',  the  dynamical  will  in  general  be  considerably  less  than 
double  the  corresponding  statical  effects. 

It  has  been  shown  that  where  the  weight  of  the  load  sustained 
is  nearly  as  great  or  greater  than  that  of  the  beam,  the  force 
required  to  produce  motion  in  the  beam  is  inconsiderable  compared 
with  the  actual  deflecting  forces.  The  beam  itself,  therefore,  is  then 
always  nearly  in  a  state  of  equilibrium,  and  its  form  nearly  the 
same  as  that  which  would  be  statically  produced  by  the  external 
pressures.  If  this  be  assumed  to  be  strictly  true,  it  follows  that 
the  curve  of  deflection  is  concave  in  every  part,  and  therefore  that 
no  part  of  the  beam  sinks  while  another  part  is  rising— that  all 
the  parts  sink  together,  and  all  rise  together.  The'  vertical 
motion  is  so  extremely  small  and  gradual,  that  there  can  be  no 
danger  in  assuming  that  all  the  parts  arrive  at  their  lowest 
positions  at  the  same  instant.  It  follows  then,  as  previously  to 
that  instant  the  motion  was  downwards,  and  subsequently  upw  ards, 
the  beam  in  its  lowest  position  is  at  rest,  either  instantaneously  or 
for  a  definite  period. 

In  this   position   of  rest,  the  pressures  on  the   surface  of  the 
beam  are  in  statical  equilibrium  with  its  internal  forces.     At  the 
same  time,  the  pressure  produced  by  the  travelling  load  is  the 
same  as  if  the  curve  of  deflection  were  a  flxed  curve. 
Effect  of  Centrifugal  Force. 

AVhen  a  body,  moving  along  a  fixed  curve,  is  acted  upon  by  no 
forces  but  the'  pressure  of  the  curve  and  its  own  weight,  the 
pressure  on  the  curve  (by  the  known  principles  of  mechanics)  is 
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equal  to  the  centrifiicral  force,  plus  the  normal  component  of  the 
weifrht.  The  curvature  of  a  deflected  girder  is  in  fjeneral  so  ex- 
ceedinjily  small,  tliat  it  will  he  (piite  safe  to  assume  the  pressure 
equal  to  the  centrifutral  force,  ])lus  the  weight  itself.  The  curve 
assumed  hy  the  surface  of  tlie  heam  depends  on  the  forces  acting; 
on  it ;  and  we  here  supjjose  the  beam  to  be  at  rest,  althoutth  the 
load  upon  it  is  in  motion.  Hence,  the  elastic  forces  of  tlie  beam 
are  in  statiml  equilibrium  with  tlie  pressures  on  the  curve. 

The  origin  of  co-ordinates  beinff  at  one  end  of  the  beam,  and  the 
axis  of  .r,  measured  vertically  downwards,  at  any  point  (.r,  y)  ot 
tlie  curve,  the  tangent  of  the  angle  of  horizontal  inclination  is 

all.     Hence,  neglecting  the  square  of 


— ^,  which  is  always  very  smii 
a  y 

quantity  as  inconsiderable    compared   with   unity,   we   may 

the    inverse    of    the    radius    of     curvature    at    the    point 


tliat 
put 

(P-  X 

'  dy'- 
where  concave  upwards.) 


(■'■,  .'/) 


(The  sign  never  changes,  as  the  curve  is  every- 


From  the  theory  of  perfectly  elastic  beams,  it  appears  that 


dir- 


is,  at  every  part  of  the  beam,  proportional  to  the  moment  about 
(j',  y)  of  all  the  pressure  acting  between  that  point  and  either  ex- 
tremity of  the  beam.  Here,  the  pressures  between  (,r,  y)  and  tlie 
origin  are  the  centrifugal  forces  and  the  weights  acting  downwards, 
and  the  pressure  of  the  abutment  acting  upwards.  The  moment 
of  all  the  centrifugal  forces  may  be  first  ascertained. 

Each  small  portion  of  the  load  may  be  supposed  to  act  inde- 
pendently of  the  rest,  or  to  press  on  the  curve  with  its  own  weight 
and  its  own  centrifugal  force.  Let  m  be  the  unit  of  mass;  and 
therefore,  at  any  point  (.t'  y')  intermediate  between  (,r,  y)  and  the 
end  of  the  beam,  m  d  y'  the  mass  of  an  element  of  the  load. 
Calling  V  its  linear   velocity,    it   appears  from   what  has  been 

already  said  about  tho  radius  of  curvature,  that  V'  -— ^  mdy'  is 

the   centrifugal   force   of   that  element.      The  moment    of   this 


centrifugal   force   is 


■V2    — .  iy-y')  mdy'. 


way  between  (,r,  y)  and  the  origin,  and  therefore  equals 


The  moment  of  all  the  centrifugal  forces  about  point  (.r,j/)  will 
be  found  by  integrating  this  expression  between  the  limits;/  :=  0 
and  y'  =  y.  So  it  may  be  ascertained  that  the  moment  of  these 
forces  is 

m  V'  {y  tan  ^—x), 
where  /3  is  the  horizontal  inclination  of  the   curve  at  the  origin. 
y  tan  $  —  .v  is  the  length  of  a  vertical  line  drawn  downwards  from 
the  point  {>\y)  to  meet  the  tangent  drawn  from  the  origin;  and 
is  very  small. 

The  weight  of  the  portion  of  the  load  upon  the  horizontal 
length  of  the  heam  y,  is  m g  y ;  and  its  moment  about  the  point 
(,c,  J/)  is  the  same  as  if  the  weight  were  collected  at  a  point  half 

m  g  y^ 

Also,  if  P  be  the  pressure  of  the  abutment,  Vy  is  its  moment;  and 
representing  the  constant,  by  which  tlie  radius  of  the  curvature  has 
to  be  multiplied  to  render  it  equal  to  the  sum  of  the  moments, 
by  E  I,  we  have — 

EI^  =  mo   ^'  -  P  y+  mV^iyUnB-x). 
dy'  "2  "   '  ^*  ' 

This  equation  is  integrable  in  its  present  form  ;  but  as  the  last 

term  of  it  is  very  small,  we  may  make  an  alteration  which  will 

tend  very  much  to  the  simplicity  of  the  results.     The  centrifugal 

jiressures  cannot  under  any  circumstances  be  great  compared  with 

the  other  forces,  as  may  readily  be  foreseen  by  considering  that  in 

all  cases  of  actual  practice,  the  curvature  is  very  small  on  account 

of  the  very  small  proportion  which  the  central  deflection  bears  to 

the  length  of  the  beam.  F'or  any'central  defection  preinoiisly  assigned, 

the  curve  would  be  very  little  altered  if  the  centrifugal  pressure 

were  uniformly   distributed.     Therefore,  in  the  above   equation, 

the  small  term  jn  V- (_;/ tan  8  — .r)   is  neglected   in  estimating  the 

radius  of  the  curvature  merely.     Now,  it  appears  from  the  "  iVIe- 

chanical  Principles  of  Engineering,"  Art.  374,  that  when  the  beam 

is  subject  to  any  uniformly  distributed  pressures  whatever, 

d'o!         24.D  ,,  . 

where  a  is  half  the  length  of  the  beam,  and  D  is  its  central  de- 
flection. The  curvature  of  the  beam,  when  it  assumes  its  perma- 
nent form  under  the  influeaoe  of  a  passing  load,  will  not  greatly 


diff'er  from  that  which  this  equation  indicates.  Of  course,  this 
hypothesis  does  not  suppose  the  distribution  of  the  centrifugal 
pressures  to  be  actually  uniform — it  merely  presumes  that  the 
curvature  of  tlie  boani,y«)'  a  given  deflection,  is  nearly  the  same  as 
if  the  pressures  were  so  distributed. 

From  the  equation  last  given,  the  value  of  -; —  at  the  centre, 

d  y'^ 

St  1)        T,,        . 

IS —. — -•      Ihcreiorc,  at    the   centre,  a 


10  u-^ 


weight   moving  with 

24  D 

10~a= 


times  its  mass. 


velocity  V,  has  a  centrifugal  pressure  =  V' 

To  ascertain  the  whole  effect  of  centrifugal  pressure,  we  have 
evidently  the  expression 

—JmV  ^  dy  =  -m  V=  ^i^     fi^'f-ay)  dy, 

integrating  between  limits  y  —  0  and  )/  =  2  a. 

From  this,  it  appears  that  the  total  centrifugal  pressure 

32  D  1    V- 

—  —  rr,  10    a,  which  becomes  ?H  w  a-     —    D,  if?  —  32 

—  TO  V-  '  ^     10    a2     ' 

Now,  if  T  be  the  number  of  seconds  in  w'lich  either  end  of  tie 

V  V         4 

load  traverses   the  beam,  ,.,  =  2a,   and   --  r=  ,-.      Substituting 

this  value,  and  remembering  that  the  total  weight  on  the  beam 
is  2  mqa,  we  find  ultimately, 

^    '  ID 


Centrifugal  pressure  on  whole  heam  ■ 


5  T- 


X   the  weight. 


What  very  strongly  confirms  this  conclusion,  and  shows  that  no 
niatei-ially  great  error  is  contained  in  it,  is  the  consideration  that 
if  the  curve  had  been  supposed  to  be  a  circular  arc  passing  through 
the  middle  and  two  ends  of  the  curve,  tlie  effect  of  centrifugal 
pressure  would  be  almost  the  same  as  the  above  formula  gives  it. 
The  only  difference  (as  will  be  seen  hereafter)  would  be,  that  in 
the  formula  we  must  substitute  J  for  tL.  ^V'hen  it  is  considered 
how  exceedingly  small  the  curvature  of  the  beam  must  necessarily 
be  in  all  practical  cases,  it  becomes  clear  that  a  circular  arc  of 
large  radius  would  represent  the  curve  with  at  least  tolerable  ac- 
curacy. At  all  events,  that  assumption  furnishes  a  safe  test  of 
the  foregoing  conclusions. 

Rule  for  Calculating  the  Prcsstire. 
The  formula  then  gives  all  the  information  that  can  be  generally 
required,  respecting  the  influence  of  the  velocity  of  the  train,  or 
its  pressure  on  the  deflected  girder,  when  the  mass  of  the  former 
is  not  small  compared  with  that  of  the  latter.  Put  into  ordinary 
language,  the  formula  amounts  to  this — that  u-hen  a  long  uniform 
load  moves  over  a  girder  ivhich  is  perfectly  elastic,  originally  horizontal, 
the  greatest  pressure  on  the  girder  is  that  of  the  weight  on  it  at  any 
time  -\-  a  small  fraction  of  that  weight,  which  fraction  is  found  by 
dividing  one-fifth  the  deflection  Cin  parts  of  a  foot)  by  the  square  of 
the  number  of  seconds  in  which  either  end  of  the  load  traverses  the 
girder. 

In  order  to  give  a  clear  idea  of  the  value  of  the  formula,  and  to 
show  how  small  the  influence  of  velocity  generally  is,  one  or  two 
practical  applications  may  be  given. 

A  heavy  train  moves  over  a  girder  88  feet  long,  at  the  rate  of  a 
mile  a  minute,  and  the  observed  deflection  is  one-third  of  a  foot. 
To  find  the  pressure  on  the  girder. 

In  this  case,  either  end  of  the  train  moves  over  the  girder  in 
one  second.  The  square  of  the  number  of  seconds  is  therefore  1. 
The  deflection  is  i.  Therefore,  the  fraction  of  the  weight  is  ■^, 
Or  the  extreme  pressure  on  the  girder  is  one-fifteenth  more  than 
the  weight  on  it  at  any  time. 

A  train  moves  off  a  girder  in  three-fourths  of  a  second,  and  the 
observed  deflection  is  one-fourtli  of  a  foot. 

Here  the  square  of  £  is  ^.  One-fifth  the  deflection  is  jV;  and 
^  divided  by  -ps  g^ives  ,^3 ;  or  the  pressure  is  not  quite  one-twelfth 
more  than  the  weight  at  any  time  on  the  girder. 

These  instances  give  the  dynamical  pressure  as  large  as  it  is 
ever  likely  to  be  with  a  properly-constructed  girder-bridge.  They 
consequently  show  that  the  dynamical  pressure  of  heavy  loads, 
even  at  high  velocities,  verj;  little  e.xceeds  the  statical ;  and  at  low 
velocities,  differs  from  it  only  in  an  inappreciable  degree. 

It  will  be  observed,  that  if  the  velocity  be  indefinitely  increased, 
or  T  in  the  formula  indefinitely  diminished,  the  dynamical  pres- 
sure is  indefinitely  increased.  But  the  formula  virtually  excludes 
these  hypothetical  cases ;  for  the  investigation  proceeded  on  the 
assumption  that  the  centrifugal  pressures  are  comparatively  smaU, 
and  that  the  whole  pressure  produces  but  a  small  deflectiOD. 
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Defect  of  Elasticity. 

It  now  remains  that  something  be  said  of  the  defect  of  elasticity, 
and  the  modilications  of  the  above  results  wlien  applied  to  jointed 
or  compound  structures.  The  ordinary  mathematical  theory  of 
the  girder  is  based  on  the  law  of  perfect  elasticity,  known  as 
Ilooke's  law — namely,  that  the  elastic  force  is  proportional  to  the 
extension  or  compression. 

It  appears  from  experimental  inquiries,  subsequent  to,  and  more 
axtensive  than.  Dr.  Hooke's,  that  this  law  is  not  quite  true.  The 
elastic  force  is  in  reality  less  than  tlie  law  would  assijrn  it  to  be. 
Mr.  Hodg-kinson,  in  his  recently  published  "  Researches  on  Cast- 
iron,"  Art.  lOG,  seems  inclined  to  tliink  that  the  elastic  force  may  be 
expressed  by  a  j  —  6  .r-,  where  x  is  tlie  measure  of  compression  or 
extension,  and  a  and  b  constant  empirical  co-efficients.  That  this 
hypothesis  is  near  the  truth  may  be  inferred  from  the  considera- 
tion, that  if  the  elastic  force  be  expressed  by  a  series  in  ascending 
j>owers  of  .r,  all  terms  involving  high  powers  must  be  very  small, 
as  the  elastic  force  is  always  nearly  equal  to  the  first  term,  and  j: 
is  very  small.  It  may,  however,  he  worth  while  to  remark,  that  if 
ax  —  bx'  he  taken  to  express  correctly  the  elastic  force,  the 
same  value  of  or,  which  reckoned  positively  gives  the  tension,  will 
not,  when  reckoned  negatively,  give  the  same  value  for  the  pres- 
sure. In  order  that  this  may  be  the  case,  only  uneven  powers  of 
X  must  be  involved. 

But  whatever  law  of  elasticity  be  assumed,  this  is  easily  ascer- 
tained— that  where  the  elasticity  is  imperfect  (that  is,  where  it  is 
less  than  in  proportion  to  the  extension  or  compression),  the  de- 
flecting pressure  of  a  girder  will  be  less  than  in  proportion  to  the 
deflection.  In  cast-iron  girders,  cast  in  one  piece  and  in  metal  of 
good  quality,  the  defect  of  elasticity  is  small ;  and  consequently 
the  deflection  is  pretty  nearly  proportional  to  the  pressure.  But 
in  jointed  structures,  compounded  of  several  parts  connected  by 
rivets  or  bolts,  this  is  by  no  means  the  case.  In  them,  the  defect 
of  elasticity  must  he  great ;  and  the  deflection  will  therefore  in- 
crease at  a  considerably  higher  rate  than  in  proportion  to  the 
external  pressure.  If  a  load  of  200  tons  produce  in  a  compound 
girder  2  inches  deflection,  300  tons  will  pi-oduce  considerably  more 
than  3  inches  deflection.  Or,  if  300  tons  produce  3  inches  de- 
flection, 400  tons  will  produce  considerably  more  than  4-  inches 
deflection.  How  much  more  can  be  ascertained  only  from  actual 
exjieriment. 

It  is  very  important  that  this  distinction  between  simple  and 
compound  girders  should  be  always  taken  into  consideration,  for 
the  neglect  of  it  would  lead  to  very  erroneous  conclusions  respect- 
ing the  strength  of  structures  of  the  latter  kind.  As  cases  in 
point,  may  be  instanced  calculations  respecting  the  strength  of 
girders  formed  in  three  pieces  and  supported  by  tension-rods. 
Formulce  which  determine  the  strength  of  simple,  unjointed 
girders,  are  inapplicable  to  these  structures,  and  are  not  likely  to 
give  even  an  approximation  to  the  amount  of  their  real  strength. 

Where,  however,  the  compound-girder  is  so  well  constructed, 
that  its  curvature,  ivhen  deflected,  is  regular  and  free  from  sudden 
inflections,  the  formula  given  above  for  the  dynamical  pressure  of 
long  trains  on  perfectly  elastic  beams,  will  apply  with  considerable 
accuracy.  For  the  deflection  being  previously  assigned,  is  a  safe- 
guard against  any  very  great  error.  That  deflection  being  small, 
the  curvature  will  also  be  small ;  only,  on  account  of  the  defect  of 
elasticity,  it  increases  cccteris  paribus  more  rapidly  towards  the 
centre  of  the  beam,  than  it  would  if  the  beam  were  perfectly 
elastic.  Consequently,  the  pressure  towards  the  centre  is  compa- 
ratively greater  in  the  compound,  than  in  the  simple  girder  :  and 
pressure  towards  the  centre  is  more  efi^ectual  in  producing  deflec- 
tion than  pressure  near  the  ends  of  the  girder. 

Consequently,  there  are  two  reasons  why  ^'elocity  increases  the 
deflection  of  a  compound,  more  than  that  of  a  simple,  girder.  In  the 
first  place,  on  account  of  the  defect  of  elasticity  in  tliejointed  struc- 
ture, its  deflection  increases  in  a  higher  degree  than  in  proportion  to 
the  external  pressure.  Secondly,  that  external  pressure  is  of  neces- 
sity greater  for  the  jointed  than  for  the  simple  girder,  because  in 
the  former  the  curve  is  sharper  towards  its  centre.  Velocity  of 
transit  has  therefore  much  greater  influence  on  the  security  of 
girders  of  the  former,  than  of  the  latter  kind. 

It  would  have  been  satisfactory  to  have  been  able  to  confirm  the 
results  of  these  investigations,  by  reference  to  actual  experiments. 
Unfortunately,  however,  there  are  at  present  but  very  scanty  data 
for  the  purpose.  An  account  of  two  experiments  made  on  the 
Dee-bridge,  of  the  Holyhead  Railway,  is  all  that  can  be  cited. 
These  experiments  are  described  in  a  Report  to  the  Commissioners 
of  Ridlways,  15th  June,  1847.  An  engine  and  tender,  about  30 
tons  weight,  passing  over  the  bridge  at  15  miles  an  hour,  produced 
"  a  deflection  nearly  the  same  as  with  the  engine  at  xest — vizq 


and  train  of  48  tons,  at  rest,  gave  a  deflection  of  2-4  inches  ;  while 
the  deflection  caused  by  the  same  train  at  a  speed  of  15  to  20 
miles  an  liour,  was  only  Ig  of  an  inch." 

These  accounts  do  not  however  furnish  much  information 
suited  to  our  present  purpose.  In  the  first  place,  the  experiments 
were  made  on  a  jointed  structure  of  a  complex  nature,  and  of 
which  the  deflection  appears,  even  from  this  brief  account,  to  have 
followed  no  sim)(le  law.  Moreover,  in  the  first  experiment,  the 
deflection  is  not  actually  determined  :  it  is  merely  said  to  have  been 
from  I  of  an  inch  to  tliree-sixteenths  more;  and  in  both,  the 
mass  of  the  girder  greatly  exceeded  the  mass  sustained.  All  the 
inference  that  can  be  dra\s  n  is,  that  velocity  did  not  very  materially 
influence  the  deflection,  but  tliat  the  deflection  was  diminished  at 
the  highest  velocity,  the  load  sustained  being  comparatively  light. 

Means  of  Diminishing  the  Dynamical  Pressure. 

AVhen  a  ball  moves  along  a  perfectly  horizontal  surface,  the 
pressure  on  its  under  side  is  just  equal  to  its  weight,  for  this 
simple  reason — that  if  the  pressure  were  greater,  the  ball  would 
rise  ;  if  less,  sink. 

In  the  same  way,  if  a  train  moved  along  the  surface  of  a  girder 
which  remained  perfectly  horizontal  during  the  transit,  its  pres- 
sure would  be  just  equal  to  its  weight.  But  the  train  generally 
sinks  a  little,  and  acquires  a  momentum  downwards,  which  has  to 
be  destroyed  by  increased  pressure.  The  simplest  precaution 
against  this  eff'ect  is — not  to  remedy  it — but  to  prevent  its  exist- 
ence. Suppose  it  be  found  that,  when  a  certain  weight  travels 
along  a  certain  girder  which  is  originally  perfectly  horizontal,  it 
produces  a  deflection  of  three  inches  at  its  centre :  then,  if  the 
rails  had  a  rise  given  them  of  three  inches  towards  the  centre,  it 
is  clear,  tliat  when  the  same  weight  travelled  over  them,  it  Mo\ild 
be  no  lower  when  at  the  centre,  than  when  at  either  end,  of  the 
beam. 

Suppose  now  the  reverse  case — that  there  is  a  hollow  or  de- 
pression originally  in  the  beam.  Then,  when  the  weight  jiasses 
over  the  beam,  it  sinks  the  distance  of  this  original  depression,  in 
addition  to  the  deflection  produced  by  pressure.  Hence,  the 
downwiird  momentum  is  materially  greater  than  if  the  beam  had 
been  perfectly  horizontal  originally.  Or,  to  take  another  ^'iew  of 
the  question,  the  original  hollow  or  depression,  added  to  the  de- 
flection, increases  the  curvature  of  the  beam,  and  therefore  the 
centrifugal  pressure  of  the  loacL  Either  way,  then,  of  viewing 
the  eff'ect  of  the  hollow,  eitlier  in  inci-easing  the  momentum  down- 
wards, or  in  increasing  the  centrifugal  pressure,  leads  to  the  same 
result — that  tlie  pressure  is  increased.  Mathematically,  these  two 
views  of  the  case  coincide. 

It  is  seen,  then,  how  extremely  important  it  is  that  there  should 
be  no  original  hollow  in  the  beam.  On  the  contrary,  it  is  advan- 
tageous that  its  surface  should  be  convex,  instead  of  concave — or 
should  have  a  camber.  In  this  case,  the  centrifugal  pressure  would 
act  upwards  instead  of  downwards  ;  so  that  the  pressure,  instead  of 
being  greater  than  the  weight,  would  be  less  at  high  speeds. 

There  is  a  very  simple  way  of  calculating  this  diminution,  or  of 
estimating  the  centrifugal  force.  And  it  may  be  remarked,  paren- 
thetically, that  the  method  about  to  be  given  is  useful  for  many 
purposes  besides  that  to  whicli  we  are  to  apply  it.  For  example, 
it  furnishes  most  simple  and  ready  means  of  ascertaining  the 
horizontal  pressure  on  the  flanges  of  the  wheels  of  carriages  going 
round  railway  curves. 

If  a  be  the  length  of  the  chord  of  a  circular  arc,  which  is  of 
large  radius,  and  x  its  lineal  versed-sine,  or  the  length  of  the  per- 
pendicular drawn  from  tlie  centre  of  the  arc  to  the  chord,  it  will 

be  found  that  the  radius  nearly  equals  — -^ 

Now,  if  V  be  the  velocity  of  a  mass  m,  moving  round  this  curve, 

its  centrifugal  force  becomes  m  V*  — j ;  and  if  T  be  the  number  of 

seconds  in  which  any  part  of  the  mass  describes  the  distance  n, 

V'  I 

—  =;  -    ,  .  Substituting  this  value,  and  putting  g  =  32,  the  cen- 
trifugal force  is  equal  to  -~^=:,  X  the  weight.     This  formula  appliee 
41* 

to  horizontal  lailway  curves,  as  well  as  to  the  vertical  cur\'es  of  a 
beam.  Confining  attention  liowever  to  this  application  of  it,  we 
see  that  a  very  considerable  reduction  of  the  pressui-e  of  the 
weight  may  be  effected  by  curving  the  upper  surface  of  the  beam. 
Suppose,  for  instance,  that  the  time  of  transit  were  one  second 
(T  =  1),  and  that  it  werejjracticable  to  give  the  -rails  such  a 
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convexity  that  the  rise  at  the  centre  was  one  foot  {x  =  1). 
Then,  from  the  formula,  it  appears  that  the  centrifugal  pressure 
would  be  one-fourtli  tlie  weight,  or  that  only  three-fourths  the 
weight  pressed  on  the  beam. 

It  may  be  remarked  that  this  law  lias  most  important  effects  on 
such  stupendous  structures  as  the  tubular  bridges  for  the  Chester 
»nd  Holyhead  Railway.  The  C'onway-bridge,  after  it  was  con- 
Ktructed,  sank  eiglit  inches  at  tlie  centre  by  its  own  weight ;  this 
depression  was  anticipated  and  corrected  by  a  previous  upward 
convexity  of  the  tul)e.  15ut  in  this,  and  all  analogous  cases,  a  rise 
or  convexity,  considerably  exceediny  the  natural  depression,  would 
tend  greatly  to  security  :  because,  the  curve  being  ccmvex,  an  in- 
crease of  the  velocity  would  diminish,  instead  of  increasing,  the 
pressure  of  a  given  load.  It  may  therefore  be  safely  asserted, 
that  it  contributes  to  the  security  of  girders  to  give  their  tipper  sur- 
faces as  great  a  convexity  as  is  consistent  with  other  practical require- 
viaits. 

General  Conclusions. 

At  the  close  of  these  investigations,  it  may  be  convenient  to 
recapitulate  the  general  conclusions  derived  from  them.  Tliey 
comprehend  the  following  laws  for  the  motion  of  very  heavy  loads 
at  practical  velocities  over  horizontal  girders. 

1.  If  the  girder  be  perfectly  elastic,  the  pressure  exceeds  the  weight 
on  the  girder  by  a  fraction  of  the  weight,  not  more  than  one- 
fifth  the  actual  deflection  (in  parts  of  a  foot),  divided  by  the  square 
of  the  number  of  seconds  in  which  either  end  of  the  load  traverses 
the  girder. 

2.  In  compound  and  imperfectly  elastic  girders  this  fraction  is 
increased. 

3.  The  influence  of  the  inertia  of  the  beam  on  its  deflection  is  in- 
considerable. 

4..  In  all  girders,  a  convexity  of  their  upper  surface,  or  rise  of  the 
rails  from  end  to  centre,  may  be  made  to  materially  diminish  the 
pressure. 

These  conclusions  will,  it  is  believed,  furnish  a  tolerably  accurate 
idea  of  the  influence  of  moving  loads  upon  railway  girders.  The 
only  subject  on  which  no  definite  investigation  has  been  here  at- 
tempted, is  the  defect  of  elasticity  in  jointed  girders.  The  modes 
of  construction  of  compound  girders  are  so  numerous,  that  to  es- 
tablish any  general  law  respecting  them  is  obviously  impossible — 
no  accurate  knowledge  can  be  derived  of  the  law  of  elasticity  or 
deflection  in  these  cases,  but  by  direct  expei-iment. 

No  pains  have  been  spared  to  render  the  views  here  expressed, 
correct.  They  have  occupied  many  months  of  reflection,  and 
have  been  subjected  to  the  careful  revision  of  the  author's  ma- 
thematical friends.  As  the  great  object  has  been  to  exclude  all 
operose  mathematical  investigations,  it  will  be  readily  understood 
that  the  subject,  by  constant  corrections  and  simplifications,  has 
assumed  an  entirely  different  shape  to  that  originally  given  to  it. 


ON  .MR.  CLARKE'S  SURVEYING  PROBLEM. 

The  problem  proposed  and  solved  by  Mr.  Clarke,  in  last  month's 
Journal,  p.  230,  is  by  no  means  so  new  as  he  appears  to  think.  1  he 
form  under  which  the  problem  is  most  usuaOy  presented,  is  : — 

Given  the  base  and  the  angles  at  the  base  ;  to  find  the  perpendicular, 
and  the  segments  into  which  it  divides  the  base. 

Mr.  Clarke's  angles  $  and  e  are  the  complements  of  the  angles  at 
the  base  of  the  triangle  CAD,  as  is  obvious,  {See  his  figure,  p. 
230.) 

The  following  investigation  of  the  question  is  taken,  almost 
literally,  from  the  12th  edition  of  "  Huttoii's  Course"  ;  and  it  wjll 
be  at  once  perceived  to  be  more  brief  and  simple  than  Mr.  Clarke  s, 


■B  '      D  A    B         ''    A  O 

Let  C  D  be  the  perpendieular  from  the  vertex  to  the  base,  and 
denote  the  angles  of  the  triangle,  as  usual,  by  A,  B,  C,  respectively. 
Then,  by  right-angled  triangles,  we  have— 

C  D  cot  B    +    C  D  cot  A    =    c,  or 
c  c  sin  A  sin  B  _  c  sin  A  sin  B 

^^=  cot  B  +  cot  A  ~    sin  (A  +  B)  —        sin  C 


This  value  of  CD  is  often  required  in  problems  of  this  class, 
giving  (in  .Mr.  Clarke's  illustrative  example)  the /ion>on(n/ distance 
of  the  point  of  observation  from  the  observed  object.  It  likewise 
as  frequently  occurs  in  determining  the  height  of  an  object,  as  a 
hill,  upon  a  horizontal  |dane. 

From  substituting  the  above  value  of  C  D  in  the  equations, 
A  D  =  C  D  cot  A,  and  B  D  =  C  D  cot  B,  we  obtain 

.  _         c  cos  A  sin  B        ,  „  r>       c  sin  A  cos  B 

A  D  =    1 — = — ,  and  B  D  = . — . 

sm  C  sin  C 

I  have  left  theie  expressions  in  sines  and  cosines,  instead  of 
changing  the  denominator  into  the  factor  cosec  C.  There  is  no  doubt 
that  the  better  form  of  working,  when  C  does  not  contain  set^ondt 
(with  the  ordinary  tables  I  mean,  for  surveyors  seldom  use  tables 
to  seconds),  is  tlie  form  which  Mr.  Clarke  has  adopted  :  but  in  tlie 
other  case  it  is  somewhat  questional)le. 

As,  however,  this  is  a  mere  question  of  experience — perhaps,  too, 
of  liatiit — every  one  should  adopt  the  plan  he  can  most  easily  use. 

This  mode  of  treating  such  problems  is,  in  fact,  the  same  with 
finding  the  co-ordinates  of  the  point  of  observation,  referred  to  the 
horizon  and  the  vertical  object  observed.  I  have  often  been  led  to 
tliink,  that  if  the  greater  part  of  the  problems  (if  not  all)  which  occur 
in  surveying  were  systematically  treated,  according  to  the  calculus 
appropriate  to  the  co-ordinate  system,  the  processes  of  computa- 
tion would  be  considerably  improved.  Even  were  the  actual  work 
not  materially  lessened,  the  systematising  of  the  entire  class  of  pro- 
blems would  be  in  itself  a  great  practical  advantage. 

When,  however,  we  confine  ourselves,  as  Mr.  Clarke  has  done, 
to  finding  the  difference  of  levels,  a  still  shorter  method  of  operating 
may  be  used,  for  it  requires  one  reference  less  to  the  tables.  It 
may  be  thus  investigated. 

Let  M  be  the  middle  of  A  B ;  denote  A  B  by  2  a,  and  M  D  by  * . 
Then  (fig.  2)  A D    =    a;  —  a,  and  B  D    =    x  -\- a;  whence 
A  D  tan  A    =;    C  D   =    B  D  tan  B,  becomes 
(x  —  a)  tan  A    =    {x  ■\-  a)  tan  B,  or 


K  —  a 
»  -1"  a 


tan  B 
tan  A 


;  or  again,  a?  =  — . 


a  sin  (A  -|-  B) 
^in~(A  — B)' 


A  corresponding  form,  adapted  to  the  case  represented  in  (ig.  1, 
is  deducible  in  the  same  way  ;  but  further  notice  of  it  here  is  unne- 
cessary. A  formula  so  simple,  and  so  easily  derived,  can  scarcely 
be  new.     Still,  I  do  not  recollect  to  have  noticed  it  elsewhere. 

Another  variation  of  the  same  general  problem  is  often  useful. 
It  is,  where  the  segments  of  the  base  A  B,  and  the  angle  C,  are  given,  to 
find  the  perpendicular  C  D, 


PutDA  =  a;D  B  =  b;  AC  B  =  2-y;  let  C  D  bisect  BC A  ; 

and  denote  N  C  D  by  e,  and  C  D  by  x.    Then  we  have 
BCD    =    e-|.7,  and  ACD=  +  (8  — 7); 
anda   =    +  a;  tan  (fl  — 7)  ;  6    ==    j;  tan  (fl -t- 7). 
Wherefore, 

^  +  tan (8  — 7)  _  sin(e— 7)  cos  (9 -f  7)  _  ^  sin2fl  — singy 
b=^t^le  +  V)   ~-cos(e+7)sin(e-7)        -sin2e  +  8in2y 

a  —  b    .    „ 
and  hence,  sin  2  9    =     +  j-qj^  sin  2  7. 

Whence  the  angle  0  becomes  known,  and  is  very  easUy  com- 
puted ;  and  hence  the  perpendicular  C  D  is  obtained  from  either 
of  the  preceding  equations, 

X    =     +acot(e  —  y),x    =    6  cot  (fl -f  7)- 
—But  I  need  not  further  dilate  on  so  simple  a  subject. 

UsKlffE. 
Sth  Augutt,  1848. 
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THEORY  OF  STEAM-ENGINES. 

Account  of  the  experiments  to  determine  the  principal  laws  and 
numerical  data  which  enter  into  the  calculation  of  Steam-Engines. 
By  M.  V.  Regnault. 

fContirMedfiom  page  240.J 

Second  Memoir. — the  deteemination  of  the  density  op  oases. 

The  common  method  of  determining  the  density  of  a  gas  consists 
in  weighing  a  glass  globe  of  great  size  : — 

1st.  When  the  globe  contains  perfectly  dry  air  of  a  known  tem- 
perature, and  under  a  known  atmospheric  pressure  : 

2nd.  After  having  exhausted  it  by  means  of  the  air-pump,  so 
that  the  inclosed  air  exerts  only  a  very  feeble  pressure,  which,  as 
well  as  the  corresponding  temperature,  is  noted  : 

3rd.  After  having  filled  the  globe  with  the  gas  perfectly  purified, 
the  atmospheric  pressure  and  temperature  being  again  noted  : 

4th.  After  having  again  exhausted  the  globe,  noting,  as  before, 
the  pressure  and  temperature. 

By  which  four  weigliings,  and  their  accompanying  observations 
of  pressures  and  temperatures,  all  the  data  necessary  for  deter- 
mining the  density  of  the  gas  are  given.  But  this  method  requires 
the  exact  knowledge  of  several  elements,  the  determinations  of 
which  present  generally  great  uncertainty. 

In  the  first  place,  the  temperatures  which  the  air  and  the  gas 
present  at  the  moments  of  closing  the  globe,  must  be  very  exactly 
known  ;  but  the  method  generally  used  of  having  a  thermometer 
placed  near  the  globe  is  very  defective  :  the  temperature  indicated 
by  the  thermometer  may  be  totally  different  from  that  of  the  air 
in  which  it  is  bathed,  and  still  more  so  from  that  of  the  gas  which 
fills  the  globe. 

MM.  Dumas  and  Boussingault,  who  have  lately  {Ann.  de  Chim. 
et  de  Phys.,  3d  sirie,  tome  iii.,  p.  270)  very  successfully  endea- 
voured to  determine  the  densities  of  certain  gases,  place  the  ther- 
mometer intended  to  indicate  the  temperatures  of  the  gases  in  the 
very  centre  of  the  globe;  and  for  more  security,  they  cause  that 
temperature  to  be  almost  constant,  by  placing  the  globe  in  an 
inclosure  formed  by  a  large  cylindrical  vessel  of  zinc  with  double 
walls.  The  annular  space  left  between  the  walls  is  filled  with 
water,  at  a  temperature  differing  but  little  from  that  of  the  sur- 
rounding air.  AVith  this  arrangement,  we  may  admit  that  the 
temperature  of  the  gas  is  known  with  sufficient  accuracy. 

But  the  greatest  uncertainties  exist  in  the  weighings  of  the 
globe ;  for  we  must  weigh  the  globe  in  the  air,  and,  to  have  its 
true  weight,  we  must  add  to  its  apparent  weight  that  of  the  air 
which  it  displaces.  And,  in  certain  cases,  this  latter  weight  is 
greater  than  that  of  the  gas  which  fills  the  globe,  so  that  it  must 
be  known  with  at  least  equal  exactness.  We  are,  up  to  a  certain 
point,  masters  of  the  gas  which  we  pass  into  the  globe.  We  may 
prepare  it  so  as  to  be  sure  of  its  purity  ;  but  it  is  not  so  with  the 
external  atmosphere  ;  we  are  obliged  to  take  it  as  it  is.  In  a  close 
chamber  the  air  may  change  its  composition  very  perceptibly  ;  its 
temperature,  and  the  quantity  of  moisture  which  it  contains,  very 
incessantly.  MM.  Dumas  and  Boussingault  thought  that  they  had 
completely  avoided  the  errors  arising  from  this  source,  by  placing 
below  their  balance  a  large  chest  lined  with  lead,  in  which  the 
globe  suspended  from  one  of  the  scales  of  the  balance  floats.  A 
very  sensitive  thermometer  is  placed  in  this  chest,  and  gives  the 
temperature  of  the  air.  This  arrangement  is  certainly  far  prefer- 
able to  allowing  the  globe  to  hang  freely  in  the  air  of  the  room  ; 
the  globe  suspended  in  the  chest  is  kept  from  the  currents  of  air, 
which  render  the  weighings  very  uncertain,  and  the  temperature 
of  the  air  in  which  it  is  placed  changes  but  slowly ;  but  it  does 
not  do  away  with  the  errors  arising  from  the  changes  in  the  com- 
position of  the  air,  and  these  are  by  no  means  negligible,  especially 
when  we  are  working  with  very  light  gases — such,  for  instance,  as 
hydrogen. 

At  the  same  time  that  MM.  Dumas  and  Boussingault  were 
weighing  gases,  M.  Regnault  was  also  engaged  in  the  determination 
of  the  density  of  steam  under  different  pressures,  and  especially 
under  very  feeble  pressures.  He  was  struck  with  the  uncertainties 
which  the  ordinary  methods  of  weighing  gases  present,  especially 
owing  to  the  alteration  of  the  density  of  the  surrounding  air,  which 
seems  to  have  attracted  but  little  attention  from  men  of  science, 
and  he  was  led  to  a  method  which  presents  a  degree  of  certainty 
and  precision  which  those  heretofore  used  do  not  offer. 

He  avoids  completely,  and  by  a  very  simple  artifice,  the  uncer- 
tainties which  arise  from  the  changes  in  the  air  in  which  the  globe 


is  weighed.  In  place  of  equipoising  it  by  means  of  weights  on  the 
opposite  scale,  he  balances  it  by  means  of  a  second  hermetically- 
sealed  globe  of  the  same  kind  of  glass,  hung  from  the  opposite 
scale.  All  the  variations  which  take  place  in  the  air  then  affect 
the  two  globes  in  the  same  way,  whether  they  arise  from  changes 
of  temperature,  barometric  pressure,  or  composition  of  the  atmo- 
sphere. It  is  not,  therefore,  required  at  the  moment  of  weighing 
to  watch  the  thermometer,  barometer,  and  hydrometer  ;  it  is  sufii- 
cient  to  wait  until  the  two  globes  are  in  equilibrium  of  temperature, 
and  when  tliis  is  the  case,  it  continues  indefinitely.  We  liave,  in 
consequence,  a  very  definite  character  by  which  to  know  when  to 
read  the  weighings.  Tliis  method  presents  also  another  advantage, 
that  is,  of  avoiding  the  error  arising  from  the  different  amount  of 
moisture  deposited  upon  the  globe  during  difi'erent  weighings.  As 
the  globes  are  made  of  the  same  glass,  and  equally  dried  before  the 
commencement  of  the  experiments,  they  may  be  assumed  to  con- 
dense the  same  amount  of  moisture  when  bathed  in  the  same  air, 
and  consequently  will  remain  in  equilibrium. 

The  globes  had  a  capacity  of  about  10  litres  (2-2  gallons).  The 
globe  in  which  the  gas  is  to  be  weighed  has  a  stop-cock  adjusted  to 
it,  so  that  it  may  be  exposed  to  the  temperature  of  boiling  water 
without  leakage.  It  is  weighed  when  full  of  water,  first  in  the  air, 
and  afterwards  in  water  of  the  same  temperature  as  that  which  it 
contains ;  thus  is  obtained  the  weight  of  water  displaced  by  the 
globe. 

The  balancing  globe  is  so  selected  that  the  weight  of  water  dis- 
placed by  it  is  rather  less  than  that  of  the  first,  even  after  the 
addition  of  its  metallic  mounting  by  which  it  is  hermetically  sealed, 
and  hung  from  the  opposite  balance  scale ;  there  is  then  added  to 
it  a  glass  tube  of  such  capacity  as  that  the  weight  of  water  dis- 
placed by  it  shall  just  make  up  the  difference. 

Before  closing  the  second  globe,  a  quantity  of  mercury  was  intro- 
duced into  it  so  as  to  render  it  about  10  grammes  (154-38  grains 
troy)  heavier  than  the  other.  The  two  globes  thus  adjusted  were 
submitted  to  several  tests,  in  order  to  be  sure  that  they  satisfied  the 
required  conditions  ;  they  were  left  hanging  for  fifteen  days  under 
the  balance  scales,  and  the  equilibrium  was  rigorously  maintained 
all  this  time,  although  in  the  interval  the  temperature  of  the  air 
had  changed  from  0°  to  17°,  (32°  to  62-5°  Fahi.,)  and  the  barome- 
tric pressure  from  741  to  771  millimetres  (29-6  to  30-8  inches.) 
The  general  mode  of  operating  was  as  follows : — A  vacuum  as 
complete  as  possible  being  made  in  the  globe,  it  is  placed  in  coni- 
munication  with  the  apparatus  for  producing  the  gas  whose  density 
is  to  be  determined,  and  the  stop-cock  is  opened  in  such  a  way  that 
the  gas  in  the  apparatus  preserves  a  slight  excess  of  pressure. 
When  the  globe  is  filled  with  gas,  it  is  again  placed  in  communica- 
tion with  tiie  air-pump,  a  very  perfect  vacuum  made,  and  it  filled 
a  second  time  with  the  gas.  In  order  to  avoid  any  correction  for 
temperature — a  correction  which  would  require  the  knowledge  of 
the  co-efficient  of  dilatation  of  the  gas,  and  that  of  the  globe— the 
globe  is  placed  in  a  zinc  cover  and  completely  enveloped  in  melting 
ice.  Before  closing  the  globe,  it  is  placed  in  direct  communication 
with  the  atmosphere,  so  that  the  gas  may  place  itself  in  equilibrium 
with  the  exterior  pressure. 

The  globe  taken  out  of  the  ice  is  carefully  washed  and  dried,  and 
hung  from  the  scale  of  the  balance.  It  requires  a  long  time  (often 
more  than  two  hours)  for  the  globe  to  take  exactly  the  temperature 
of  the  sun-ounding  air,  and  for  its  surface  to  cover  itself  with  its 
normal  amount  of  moisture.  The  balance  used  was  able  to  appre- 
ciate with  certainty  a  half  milligramme  when  charged  with  one 
kiUogramme  upon  each  scale.*  "It  was  placed  over  a  large  chest, 
such  as  used  by  MM.  Dumas  and  Boussingault.  At  the  end  of  the 
weighing,  the  observer  did  not  approach  the  balance,  but  observed 
the  oscillations  of  the  index  at  a  distance,  with  a  telescope. 

M.  Regnault  then  notices  the  electric  effects  produced  by  wiping 
the  globes,  and  the  effects  upon  the  weighings ;  he  avoided  it  by 
wiping  the  globes  with  a  napkin  dipped  in  distilled  water,  and 
tested  them  by  the  gold-leaf  electrometer.  The  pressures  were 
measured  by  an  apparatus  which  he  describes  under  the  name  of  a 
barometric-manometer.  It  consists  of  two  tubes,  one  of  which  is 
an  ordinary  barometer  of  20  millim.  (0-8  in.  diameter,)  made  very 
carefully  ;  the  other  is  a  glass  tube  of  the  same  diameter,  whicJi 
may,  by  a  lead  tube,  be  connected  with  the  vessel  in  which  pres- 
sures less  than  that  of  an  atmosphere  are  to  be  measured ,  they 
plunge  below  into  a  cistern  of  mercury  having  a  partition,  so  that 
the  two  instruments  may  be  separated  at  pleasure  by  drawing  off 
the  mercury  in  the  cistern  of  the  manometer  below  the  top  of  the 

«  That  is.  sensible  to  one  four-millionth  of  the  total  load.  Quere,  whether  this  sensi- 
Mlily  was  determined  alter  the  globes  had  beeu  hangiug  from  the  scales,  aud  the  balanc* 
iu  actiou  for  lifttteD  days  ? 

35 
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partition ;  this  is  necessary  during  the  exhaustion  of  the  tjlobe, 
and  tlie  re-admission  of  the  gas,  for  tliese  operations  prodiue  such 
great  oscillations  in  the  barometer  as  to  introduce  small  (luantities 
of  air  into  the  instrument,  and  thus  vitiate  the  vacuum.  The  ex- 
liausted  globe  is  weighed  witli  the  precautions  that  have  been 
indicated.  If  P  represent  the  weight  of  the  gas  when  the  barome- 
ter stands  at  H,  and  /;  that  weight  when  the  elastic  force  in  the 
globe  corresponds  to  a  barometric  height  //,  the  weight  of  the  gas 

at  0',  and  under  the  normal  pressure  of  760  mil.,  is  (V—p)-^. — r 

To  obtain  a  new  weighing  of  the  same  gas,  the  exhausted  glolje, 
enveloped  in  ice,  is  placed  in  connection  witli  the  apparatus  for 
generating  the  gas,  and  the  series  of  operations  which  liave  been 
ixiiiited  out,  repeated.  The  gas  thus  becomes  purer  at  each  opera- 
tion. M.  Ilegnault  found  that  it  is  only  from  the  fourtli  tilling 
that  the  gas  presents  rigorously  the  same  weight.  It  is  desirable 
to  satisfy  ones  self  whether  the  gas  upon  wliicli  we  are  operating 
ioUows  the  law  of  Mariotte,  at  pressures  below  those  of  tlie  atmo- 
sphere :  this  verification  is  absolutely  necessary  if  the  density  of 
the  gas  is  to  serve  for  the  determination  of  atomic  weights.  For 
the  law  of  the  volumes  of  gases,  and  the  simple  ratios  which  exist 
between  their  densities  and  atomic  weights,  exist  i-igorously  only 
(it  the  limit — that  is,  in  a  state  of  extreme  dilatation  ;  we  must 
therefore  see  whetlier  tlie  anomoly  in  these  laws  does  not  commence 
already  near  the  atmospheric  pressure. 

This  is  done  by  measuring  the  weight  of  the  gas,  with  great  care, 
at  different  degrees  of  elastic  force,  as  marked  by  the  comparison 
of  the  manometer  and  barometer. 

Finally,  by  this  means  we  may  determine  the  weight  of  the  gas 
which  fills  tlie  globe  at  the  temperature  of  100°  and  under  atmo- 
spheric pressure,  and  thus  determine  the  density  of  the  gas  when 
compared  with  air  at  100°.  This  new  density  must  be  exactly  the 
same  as  that  calculated  for  0°,  in  order  that  it  may  serve  in  the 
calculation  of  the  atomic  weights  ;  for  it  is  necessary  for  this  pur- 
pose that  the  gas  should  have  the  same  co-eflicient  of  dilatation  as 
tlie  atmospheric  air  ;  at  all  events  the  weight  of  the  gas  which  fills 
the  vessel  at  100°  compared  with  that  which  fills  it  at  0°,  permits 
us  to  calculate  the  co-efficient  of  the  dilatation  of  the  gas ^^ 

Again,  in  order  to  determine  whether  the  gas  follows  the  law  of 
Mariotte,  at  the  temperature  of  100°,  we  have  only  to  repeat  the 
former  experiments,  filling  the  globe  at  this  temperature,  instead 
of  at  0°. 

M.  Regnault  then  recapitulates  the  advantages  of  this  method, 
which  are, — that  it  gives  the  density  of  the  gases  with  more  preci- 
sion, and  far  less  trouble,  than  the  methods  formerly  used ;  it  gives 
these_  densities  at  identical  temperatures  at  0°  and'l00°,  that  is,  at 
the  fixed  points  of  the  thermometer,  and  consequently  gives 
immediately  the  co-efficient  of  dilatation  of  the  gas  ;  and,  finally, 
it  permits  us  to  determine  with  great  exactness,  whether  the  gas 
follows  the  law  of  Mariotte,  at  the  temperatures  of  melting  ice, 
and  boiling  water. 

He  then  proceeds  to  give  the  detail  of  all  his  experiments,  with- 
out a  single  exception,  in  order  to  allow  the  reader  to  judge  of  the 
degree  of  precision  obtained  by  this  method.  It  is  not  necessary 
that  we  should  give  these  details — or  those  of  the  processes  by 
w  hich  M.  Regnault  purified  his  gases  ;  they  were  such  as  might  be 
expected  from  one  so  familiar  with  all  the  minutiae  of  physical 
science. 

He  first  determined  by  nine  experiments  the  weight  of  pure 
atmospheric  air,  freed  from  carbonic  acid  and  watery  vapour,  which 
tilled  his  globe  at  the  temperature  of  0°,  and  under'the  barometric 
pressure  of  760  millim.  (29-941  inches).  The  mean  of  these  experi- 
ments was  12-7781  gr.  The  minimum,  12-7714.  The  niaximuni, 
12-7809.  The  ditference,  0-006.5  or  ,^,'7^-,  very  nearly  ^.„'„„  of  the 
mean;  and  he  remarks  that  it  is  probable  that  a  great  p'art  of  this 
error  is  due  to  the  variations  which  occur  in  the  composition  of 
the  atmosphere.  He  regards  it  as  unfortunate  that  men  of  science 
should  have  selected  the  atmospheric  air,  whose  constitution  is 
known  to  vary,  as  the  standard  of  densities  for  gases,  in  place  of 
some  gas  which  could  always  be  obtained  perfectly  pure,  such  for 
instance  as  oxygen,  which  would  be  the  more  convenient  since  this 
gas  is  already  chosen  as  the  basis  of  the  tables  (adopted  by  con- 
tinental chemists)  of  chemical  ecpiivalents. 

Founded  upon  this  determination  of  the  weight  of  a  given 
volume  of  air,  he  proceeds  to  determine  the  densities  of  different 
gases,  and  his  results  are  as  follows  : — 

*  This  Is  the  only  direct  method  which  can  be  used  for  this  determiDatioD,  in  gases 
»n:ch  attack  mercury. 
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fSEPTEMBER, 

Tern,  at  0=' 
Bar.  7m  m. 

Minimum. 

Maximum. 

Difference. 

Nitrogen,  maan  of  6  Experiments, 

0U7137 

0  97108 

0-97155 

S606 

Hydrogen,    „         3           „ 

0-06'J.'6 

006923 

006932 

Tf^ 

Oxygen,        „         3 

1-I0J63 

1-10501 

\.-m,K 

■BOiiTy 

Carbonic  Acid,         5           ,, 

1-52910 

1-52900 

1-62915 

TUSTT 

at  0°  and  ;i"-l-l:)  millim. 

isweii 

2-'417 

1-52145 

„           1UU°         /do  110         „ 

I-.'.LMIS 

„            „            38.i-39 

1  SL'JIO 

Weight  of  -Iqo  /  and  with  an 
the  gas  at   J      'I  elastic  force  , 


Densities  determined  by  Dumas  and  Boussingault. 

Nitrogen,  from  ..  0  970  to  0  974 

Hydrogen,     „  ..  0 IJG91  ,,  0'06U5 

0.\yge:i,         „  ..  11055  „  1-0158 

If  we  calculate  the  theoretic  density  of  carbonic  acid  gas,  ad- 
mitting for  the  atomic  weight  of  carbon  7j,  (oxygen  =  100,  or  6  if 
hydrogen  =  1,)  lately  found  by  M.  Dumas,  we  get  the  number 
1-52024,  which  approaches  the  density  found  for  this  gas  under  the 
pressure  of  224-17  millim.  (less  than  nine  inches.) 

The  density  found  at  the  temperature  0°  and  normal  atmospheric 
pressure  leads  to  an  atomic  weight  for  carbon  76-6  which  ap- 
proaches very  nearly  the  number  76-44  (6-1152,  if  hydrogen  ;=  1) 
which  chemists  for  a  long  time  admitted  from  the  experiments  of 
M.  Berzelius.'"' 

We  see,  by  this  example,  how  much  circumspection  is  necessary 
in  deducing  the  value  of  the  atomic  weight  of  a  gas  from  its 
density. 

Three  expei-iments  to  determine  the  co-efficient  of  dilatation  of 
the  air  between  0°  and  100°,  gave  as  the  result  0-03663,  which 
differs  but  little  from  the  value  obtained  in  the  First  iSIemoir. 

An  attempt  to  verify  the  law  of  Mariotte  showed  slight  differ- 
ences, in  which  the  weights  by  experiments  were  always  a  little 
lower  than  those  got  by  calculating  the  density  by  means  of 
Mariotte's  law  from  the  observed  elastic  force ;  but  these  differences 
were  always  within  the  limits  of  the  errors  of  observation. 

The  co-eflicient  of  dilatation  of  carbonic  acid  gas  between  0°  and 
100°  was  determined  to  be  0-003719.  (In  the  First  Memoir,  the 
determination  by  the  method  V.,  in  which  the  gas  preserved  the 
same  elastic  force  at  0°  and  100°,  as  in  the  present  case,  was 
0-0037099.) 

The  experiments  to  determine  whether  carbonic  acid  gas  obeys 
the  law  of  Mariotte  at  pressures  less  than  that  of  the  atmosphere, 
gave  the  following  results  : — 

T,„ „„, ,       Calculaled  by 

By  experiment.    ji^^i„„^,,  ^.J,_ 

}  224  17  mil.,  5-7:i45  gr.,  5-7(;34  gr. 

.■t74-13      „  9'5S45     „  il-0628    „ 

„  10101°  „  u;i8-39      „  0-3049     „  (1-3545     „ 

SO  that  it  appears  that  carbonic  acid  gas  deviates  notably  from  the 
law  of  Mariotte  at  ordinary  temperatures,  but  conforms  to  it  with 
the  limits  of  experimental  errors  at  100°. 

Third  MeiHOir. — DETERsnNATiON  op  the  -weight  of  the  LimEt 

OP   AIR   AND   OP   THE   DENSITY   OP   MERCURY. 

In  the  preceding  memoir,  the  densities  of  the  different  gases 
were  determined,  referring  them  to  that  of  air  assumed  as  the  unit ; 
but  in  a  great  number  of  circumstances,  it  is  required  to  know  the 
absolute  weight  of  these  gases  :  this  is  easily  obtained  when  we 
know  the  absolute  weight  of  air  under  the  normal  conditions,  that 
is  at  a  temperature  of  0°,  and  under  a  pressure  of  760  millimetres 
of  mercury. 

The  weight  of  the  litre  of  dry  air  under  the  normal  conditions 
was  determined  l)y  MM.  Biot  and  Arago,  with  all  tlie  care  which 
they  could  take — they  found  that  at  Paris  this  weight  was  1-299541 
gr.  {Memoirs  of  the  Academy  <f  Sciences  fur  1808.  liiot  Traite  de 
Physique,  torn.  1,  ;;.  387.J  This  number  has  been  generally  adopted. 

But  if  we  reflect  upon  the  imperfections  which  the  theory  of 
gases  and  vapours  still  presented  at  that  time,  and  the  great  num- 
ber of  uncertain  corrections  which  they  were  obliged  to  introduce 
into  their  calculations ;  and  if  we  note  that  they  operated  upon  air 
charged  with  aqueous  vapour,  for  which  they  endeavoured  to  allow 
by  a  correction ;  and  that,  in  spite  of  the  most  minute  precautions, 
this  circumstance  must  necessarily  introduce  great  disturbances 
into  their  experiments,  we  shall  understand  how  absolutely  neces- 
sary it  was  to  make  new  determinations  of  this  important  doctrine, 
which  will  be  frequently  used  in  the  following  investigations. 

In  the  preceding  memoir,  the  weight  of  dry  air  which  filled  the 
globe  at  0°,  and  under  a  pressure  of  760  mil.,  was  determined  with 
great  care  ;  it  will  be  enough  then  to  find  the  capacity  of  this  globe 

•  Berzelius  himself  now  aclinowledges  the  error  of  his  former  determination,  and  fixes 
the  atomic  weight  of  carbon  at  76-12  or  (>  01  (H  =  1),  which  amounts  to  an  admission  of 
Uumas'a  delerminntion.  (Berzelius  Traits  de  Chimie,  Seconde  Edition  Fianvaise,  Paris, 
1845,  torn.  1,  p.  2(!;i.) 

-t  The  French  litre  ie  equal  to  0-22  of  the  imperial  gallon. 
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at  0",  to  determine  immediately  the  weifjht  of  the  litre  of  air. 
Now,  according  to  tlie  principle  upon  which  the  French  system  of 
measures  was  estahlished,  the  kilogramme  is  the  weight  of  a  litre 
of  distilled  water,  freed  from  air,  at  the  temperature  of  its  maxi- 
mum density,  which  is  about  i°  (39'2  Fahr.)  ;  it  will  suffice  then  to 
determine  the  weight  of  water  at  4°  which  fills  the  capacity  which 
the  globe  presents  at  0°. 

To  do  this  M.  Regnault  operated  in  the  following  way  :  — 
The  open  globe  was  weighed  upon  a  good  balance ;  its  weight 
was  found  to  be  12S8-S5  gr.,  the  surrounding  temperatui-e  being 
4-2%  and  the  height  of  the  barometer  reduced  to  0",  757'89  mil. 

A  small  quantity  of  water  was  introduced  into  the  globe,  and 
the  globe  exhausted  by  means  of  the  air-pump,  and  at  tlie  same 
time  heated.  In  tliis  way  the  atmospheric  air  was  completely  ex- 
pelled by  means  of  the  vapour  of  water  whicli  was  constantly 
developed.     The  stop-cock  of  the  globe  was  then  closed. 

On  the  other  hand,  perfectly  pure  distilled  water  was  boiled  in  a 
large  globe  to  free  it  completely  from  tlie  air  which  it  always  holds 
in  solution  at  ordinary  temperatures.  Upon  the  tubulure  of  the 
first  globe  was  fixed  by  caoutchouc  a  glass  tube,  twice  bent,  one  of 
whose  branches  descended  to  the  bottom  of  the  vessel  in  which  the 
water  was  kept  boiling.  On  opening  the  stop-cock  of  the  globe, 
the  boiling  water  entered  it  slowly,  without  coming  in  contact  with 
air ;  it  was  consequently  perfectly  free  from  that  gas. 

The  globe  being  completely  filled,  the  recurved  tube  was  removed, 
and  replaced  by  a  tube  having  a  bulb  %vhich  was  kept  filled  with 
the  boiling  water,  and  furnished  the  quantity  of  water  necessary  to 
keep  the  globe  filled  as  its  temperature  lowered. 

Wlien  the  globe,  filled  with  water,  had  come  down  to  the  sur- 
rounding temperature,  it  was  placed  in  a  zinc  vessel,  and  com- 
pletely surrounded  with  melting  ice,  care  being  taken  to  pack  the 
ice  in  proportion  as  it  melted,  upon  the  walls  of  the  globe. 

The  globe  was  left  in  the  ice  for  a  time  varying  from  6  to  18 
hours  ;  the  stop-cock  was  then  closed,  the  bulbed  tube  detached, 
and  the  tubulure  above  the  stop-cock  carefully  wiped. 

The  globe  was  placed  in  a  large  vessel  filled  with  water  at  a 
temperature  a  little  above  that  of  the  chamber  in  which  the  balance 
was ;  it  was  left  for  two  hours,  so  that  it  should  take  nearly  the 
temperature  of  the  chamber.  As  the  water  contracts  in  proportion 
as  its  temperature  rises  from  0°  (to  4°),  the  globe  could  be  kept 
closed  without  danger  of  breaking.  When  the  globe  had  acquired 
the  temperature  of  the  chamber,  it  was  weighed,  and  this  weighing 
(the  temperature  of  the  room  and  the  height  of  the  barometer 
being  noted)  gives  the  means  of  calculating  the  weight  of  water  at 
4°,  which  fills  the  capacity  which  the  globe  presents  at  0°. 

According  to  the  experiments  of  M.  Pierre  {Aiinales  de  Chimie  et 
de  Physique,  Zd  serie,  tome  xv.,  p.  348),  if  the  density  of  water  at  0° 

be  taken  as  1,  at  4°  it  is . 

'  0-999881 

Whence  we    can  calculate  the   weight  of    the  water  at  4°   (its 
maximum  density),  which  fills  the  capacity  which  the  globe  pre- 
sents at  0°.     Three  experiments  give  the  following  results : — 
I.  9881-060  grammes. 
II.  9881-113       „ 
III.  9881-299       „ 
The  third  weighing  gave  a  number  probably  a  little  too  high, 
because  the  globe  was  intentionally  left  but  a  little  time  in  the  ice, 
in  order  to  see  what  influence  this  circumstance  would  have  upon 
the  result.     On  this  account,  M.  Regnault  adopts  the  mean  of  the 
former  experiments,  viz.  :  9881-086. 

Desiring  to  ascertain  whether  the  correction  made  to  reduce  the 
weiglit  of  water  from  0°  to  4°  was  sufficiently  exact,  M.  Regnault 
made  two  direct  experiments,  which  gave  a  mean  differing  only 

0-1 52  or  ■  from  the  result  of  the  calculation.     The  capacity 

of  the  globe  at  0"  was  therefore  9-881086  lit.,  and  since  {see 
Second  Memoir)  the  weight  of  air  which  filled  it  at  0°,  under  a 
pressure  of  760  mil.,  was  12-7781  gr. ;  the  weight  of  the  litre  of  air, 

under  these  normal  circumstances  is sr.  =:  1-293187  er. 

9-881086   ^  ^ 

a  value  notably  less  than  that  which  was  heretofore  admitted  from 

the  experiments  of  MM.  Biot  and  Arago*  (1-299541). 

*  M.  Regnault  remarks,  in  a  note,  that  all  the  numerical  corrections  made  by  MM 
Blot  and  Arago,  for  the  purpose  of  reducing  the  weight  of  air  to  0^,  and  to  absolute  dry 
ness,  contributed  to  render  the  number  which  they  adopted  too  high.  Another  circum- 
■  tance  may  ha?e  produced  a  similar  effect.  These  experimenters  exhausted  the  globe 
several  times  with  a  very  good  air-pump,  and  they  supposed  that  the  slight  tension  which 
remained  in  their  globe  was  produced  by  the  vapour  of  water  which  the  walls  of  the 
globe  abandoned  in  vacuo,  which  they  re-condensed  when  the  air  entered  again.  It  is,  in 
fact,  probable  that  this.was  the  case  ;  but  it  seems  to  be  also  very  probable  that  when  the 
globe  was  filled  with  sir  yery  nearly  aaturated  with  moisture,  it  gave  a  new  portion  of 


From  this  and  the  numbers  obtained  in  the  preceding  memoir 
for  the  densities  of  the  gases  we  deduce,  that  at  Paris 

The  litre  of  Atmospheric  Air  weighs  1-293187  grammes. 
„         „       Nitrogen  „         1-256167       „ 

))         »       Oxygen  „         1-429803      „ 

„         „       Hydrogen  „         0-089578       „ 

„         „       Carbonic  Acid         „         1-977414       „ 
Strictly  considered,  these  values  are  only  correct  for  the  locality 
in  which  the  experiments  were  made— that  is,  for  a  latitude   of 
48°  50'  14",  and  a  height  of  about  60  metres  above  the  level  of 
the  sea. 

M.  Regnault  finds  the  weight  of  the  litre  of  air,  under  the 
parallel  of  latitude  45°,  and  at  the  same  distance  from  the  centre 
of  the  earth  as  that  at  wliich  his  experiments  were  tried,  =  1-292697. 
And  assuming  this  as  the  standard  number,  he  deduces  for  any 
other  latitude,  and  any  other  distance  from  the  centre  of  the  earth, 
the  formula 


w=  1-292697  gr.  (1-00001885)  1 -f  2A  (1 -0-002837,  cos  2,\). 

R 
Or,  more  simply  1 

w  =  1-292673  gr.  1  +  2/i  (1  —0-002837,  cos  2\)  ;  in  which  w  is 
R 
the  weight  of  the  litre  of  air  (the  litre  is  61-09908  cubic  inches)  ; 
R,  the  mean  radius  of  tlie  earth  =  0,366,198  metres  ;  h,  the  height 
of  the  place  of  observation  above  this  mean  radius,  expressed  in 
metres  ;  and  A,  the  latitude  of  the  place. 

Applying  this  formula  to  the  level  of  the  sea,  in  the  latitude  of 
Philadelphia  (39°  56'  51-5"),  and  assuming  the  radius  of  the  earth  at 
this  point  6,367,653  metres  : 

The  weight  of  the  litre  of  air  will  be  1-2914392  grammes. 
And  assuming  the  litre  as  61-09908  cubic  inches,  and  the  gramme 
as  15-433159  grains  troy: 

The  weiglit  of  a  cubic  inch  of  air  wUl  be  0-32621  grains  troy. 
Or,  (assuming  IMr.    Hassler's  determination  of   the   weight  of  a 
cubic  inch  of  water,  252-6934  gr.)  water  is  774-63  times  heavier 
than  air. 

Density  of  Mercury. 

The  density  of  mercury  has  been  determined  several  times  by 
M.  Regnault,  and  with  the  greatest  care ;  as  he  wished  to  satisfy 
himself  whether  tills  liquid,  purified  by  the  means  employed  ordi- 
narily in  the  laboratories,  presented  a  constant  density. 

A  glass  globe,  of  a  capacity  of  from  250  to  300  cubic  centimetres, 
was  filled  with  mercury.  The  globe  terminated  in  a  capillary  tube 
of  about  2  mil.  diameter,  upon  which  a  mark  was  made,  and  this 
tube  was  surrounded  by  a  larger  one  which  was  used  as  a  funnel. 
Tlie  funnel  could  be  hermetically  closed  by  a  ground  glass  stopper. 
The  globe  being  filled  with  mercury,  this  liquid  was  boiled,  and 
suffered  to  cool.  The  globe  was  then  placed  in  ice  for  several 
hours,  and  the  level  of  the  mercury  brought  exactly  to  the  mark. 
As  soon  as  it  was  satisfactorily  ascertained  that  the  level  of  the 
mercury  did  not  change,  tlie  mercury  was  suffered  to  take  the  tem- 
perature of  the  air,  and  its  weiglit  determined.  The  same  globe 
was  then  filled  with  distilled  ivater,  first  boiled  to  deprive  it  of  air. 
It  was  suffered  to  cool,  the  funnel  being  kept  full  of  boiled  water, 
and  closed  with  its  stopper.  The  globe  was  then  surrounded  with 
ice,  and  when  the  water  had  taken  exactly  the  temperature  0',  the 
water  level  was  brought  to  the  mark,  and  the  sides  of  the  funnej 
wiped  with  filtering  paper.  The  closed  globe  was  then  placed  in 
water  having  nearly  the  temperature  of  the  surrounding  air,  so  as 
to  bring  it  more  quickly  to  the  temperature  of  the  air  in  which  it 
was  to  be  weighetl. 

The  three  determinations  of  the  density  of  mercury,  which  are 
reported,  were  made  at  very  different  times,  upon  specimens  from 
different  sources,  and  in  three  different  globes  : — 

I.  The  first  specimen  was  mercury  designed  for  the  construction 
of  a  standard  barometer  for  the  obserxatory  of  Paris.  This  mercury 
came  directly  from  the  mine  ;  it  had  been  twice  distilled  in  an  iron 
vessel.  It  was  then  suffered  to  stand  for  several  days  under  weak 
nitric  acid,  to  dissolve  the  oxide  of  mercury  which  always  forms 
during  distillation.  The  metal  was  then  washed  with  much  water, 
and  dried  in  the  air-pump.  The  density  of  the  mercury  at  0°, 
compared  with  that  of  water  at  4°,  was  13-59599. 

II.  In  the  second  experiment,  the  mercury  employed  was  that 
used  by  M.  Regnault,  in  the  construction  of  his  manometer.  This 
mercury  was  distilled  several  years  ago,  in  an  iron  retort,  and  has 

water  to  the  glass.  This  portion,  which  was  not  taken  into  account,  was  considered  as 
making  a  part  of  the  weight  of  the  air,  and  necessarily  made  that  weight  too  great,—  (See 
Blot's  "  Traits  de  Physique,"  tome  1,  p.  367.) 
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lieen  kept  in  plass  vessels.  It  was  frequently  purified  l)y  shaking  it 
in  flasks  with  concentrated  sulphuric  acid,  then  washing  with  much 
water.  Its  density  at  0^,  compared  with  that  of  water  at  4^,  was 
13-59.578. 

III.  Recently,  M.  Reg-nault  has  determined  the  density  of  mer- 
cury prepared  with  the  greatest  care  l>y  M.  Millon,  by  the  calcina- 
tion of  crystallized  nitrate  of  mercury  in  a  porcelain  retort.  The 
metal  was  then  shaken  up  witli  concentrated  sulphuric  acid,  to 
dissolve  the  oxide.     Density  of  the  mercury,  l.S-596a2. 

Thus  we  find  for  the  densities  of  these  three  specimens  of  mer- 
cury : — 

I.  13-59599  ■) 
II.   13-59578     >    13-59593. 
HI.   13-596U2   J 

These  densities  may  be  considered  as  identical. 

M.M.  Biot  and  Arago  found  the  density  of  mercury,  13-588595. 

This  density  differs  but  little  from  those  which  w'e  have  found. 
The  little  difference  ought  probably  to  be  attributed  to  ttie  uncer- 
tainty of  the  corrections  which  these  illustrious  physical  philoso- 
phers were  obliged  to  make  in  their  method  of  operating. 

It  is  often  necessary,  as  in  measuring  heights  by  the  barometer, 
to  know  the  ratio  of  the  density  of  mercury  to  that  of  air. 
Now  1  lit.of  air  at  0°,  under  a  pressure  of  700  mil.,  weighs  l-293187gr. 
„  water  at  its  maximum  density  weighs  1000-000000  „ 

„  mercury  at  0°  „  13595-93  „ 

The  ratio  of  the  densities  of  mercury  and  air  at  the  temperature 
0^,  and  under  the  pressure  of  760  mil.  observed  at  Paris,  is  then 
10513-5.  At  the  level  of  the  sea,  and  in  latitude  45°,  it  becomes 
10517-3;  and  at  the  level  of  the  sea,  at  Philadelphia,  10527-735. 


CTo  be  continued. J 


CONTRIBUTIONS    TO    RAILWAY    STATISTICS, 

In  1846, 1847,  AND  1848. — By  Hyde  Clarke,  Esq. 

(Continued fvom  page  245.J 

No.  III.— COAL  TRAFFIC. 

Coal  traffic  is  one  of  the  largest  and  most  important  items  of 
railway  transit ;  but  here,  as  elsewhere,  the  returns  published  by  the 
Railway  Department  are  insufficient  to  show  the  whole  amount. 
This  is  the  more  to  be  regretted,  as  the  great  reduction  in  the  price 
of  coal  by  railways  has  largely  increased  the  demand  for  household 
use,  as  well  as  for  manufacturing  purposes.  The  monopolies  of  the 
canal  proprietors,  and  of  the  wharfingers  connected  with  them,  have 
been  broken  up,  and  each  year  some  new  operation  throws  open  a 
fresh  district. 

Coal  traffic  is  of  three  kinds :  from  the  colliery  inland ;  from  the 
colliery  to  the  sea ;  and  from  the  sea-shore  inland. 

The  following  shows  the  gross  tonnage  of  coals,  coke,  and  culm 
on  the  undermentioned  lines  for  the  years  ending  30th  June,  1846 
and  1847, 


1846. 

1847. 

Name, 

Tons. 

Tons. 

Arbroath  and  Forfar, 

12,012 

14,025 

Ardrossan, 

66,782 

70,000t 

Ballochney, 

139,206 

185,969 

Bodmin  and  Wadebridge, 

5,123 

5,129 

Caledonian  (Glasgow  and  Garnkirk) 

227,183 

335,319 

Dunfermline  and  Charlestown, 

28,654 

27,626 

Dundee  and  Arbroath, 

19,000 

500t 

Dundee  and  Newtyle, 

10,000* 

10,000 

Durham  and  Sunderland, 

394,974 

Kaitern  Counties :  Cambridge, 

15,000* 

15,000* 

„                  Colchester, 

26,976 

20,000* 

„                   Ipswich  and  Bury, 

15,749t 

„                  Eastern  Union, 

18,744t 

Norfolk, 

6,000 

15,000* 

Edinburgh  and  Dalkeith, 

95,571 

East  Lancashire, 

l,181t 

Furness, 

2,748 

Glasgow  and  Greenock, 

28,429 

30,387 

Glasgow  and  Ayr, 

180,130 

242,443 

Great  North  of  England,    . . 

251,484 

Hartlepool, 

893,701 

789,673 

Hull  and  Selby, 

40,000* 

Kendal  and  Windermere, 

loot 

Lancaster  and  Carlisle, 

6,886 

Lancaster  and  Preston, 

10,000* 
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Lancashire  and  Yorkshire 

50,919 

66,175 

„             Preston  and  Wyre, 

29,390 

33,978 

„             Manchester  and  Bolton 

,    49,255 

27,469t 

Llanelly  and  Llanriilo, 

97,017 

84,150 

Loiidon  and  North  Western  (BIrmingh.)  37,889 

440,000' 

„              (Grand  Junction) 

323,905 

„             (Mancliester  and  Birm 

)  119,774 

London  and  Brighton;  Brighton, 

30,000* 

40,000* 

1.                      „              Croydon, 

9,118 

London  and  South  Western,    .. 

18,830 

31,659 

Mancheater  and  Rolton, 

172,230 

Manchester  and  Sheffield, 

30,569 

82,008 

Maryport  and  Carlisle, 

135,106 

179  748 

Midland, 

305,904 

370,787 

„         (Bihtol  nnd  Birmingham) 

89,421 

110,557 

MIddlesborough  and  Itedcar,  .. 

4.894 

llonkland  and  Kirkintilloch 

400.000* 

400,000* 

Newcastle  and  Carlisle, 

190,008 

236,649 

Newcastle  and  Darlington, 

639,892 

Newcastle  and  lierwick  (North  Shields 

)    29,345 

33,806 

North  Union, 

395,021 

233,137 

Nortli  British, 

15,756 

Preston  and  Longridge, 

24bt 

Pontop  and  South  Shields, 

596,369 

Slamannan 

78,888 

Soutb  Eastern, 

45,350 

71,723 

Scottish  Midland,    .. 

5,124 

Stockton  and  Darlington, 

904,358 

911,645 

Stockton  and  Hartlepool, 

24,408 

7,165 

„                „         (Clarence) 

497,100 

537,333 

Shrewsbury  and  Chester, 

1,115 

St.  Helen's, 

245,573 

247,734 

TafrVale, 

284,066 

314,621 

Ulster, 

3,379 

2,716 

West  Cornwall,  (Hayle)      .. 

24,942 

28,416 

Wishaw  and  Coltuess, 

434,365 

678,239 

Wllsontown, 

500 

4,244 

Whitehaven, 

514 

7,000t 

York  and  North  Midland, 

159,608 

185,982 

York  and  Newcastle, 

1,620,163 

*  Supposed  amoiant.                      t  Imperfect  return. 

The  quantity  enumerated  amounts  to  about  8,900,000,  or  nearly 
9,000,000;  the  number  enumerated  in  1845  being  7,000,000  tons. 

The  amounts  received  for  the  carriage  of  coals  in  the  years  end- 
ing June  30,  1846  and  1847,  were  as  foUows: — 


Name. 

Arbroath  and  Forfar,  . . 

Ardrossan,  ..  .. 

Ballochney, 

Bodmin  and  Wadebrldge, 

Caledonian  (Glasgow  and  Garnkirk) 

Chester  and  Birkenhead, 

Cockermoutb  and  Workington, 

Dunfermline  and  Charlestown, 

Dundee  and  Arbroath,  .. 

Durham  and  Sunderland, 

Eastern  Counties :  Cambridge, 
„  Colchester, 

„  Eastern  Union, 

„  Ipswich  and  Bury, 

„  Norfolk, 

East  Lancashire, 

Edinburgh  and  Dalkeith, 

Glasgow  and  Greenock, 

Great  North  of  England, 

Hartlepool, 

Lancaster  and  Carlisle, 

Lancashire  and  Yorkshire, 

„  Preston  and  Wyre, 

„  Manchester  and  Bolton, 

Llanelly  and  Llandllo, 

London  and  North  Western  (Birmingham 
„  (Grand  Junction) 

„  (Manchester  and  Birm.) 

London  and  Brighton  (Brighton) 
„  „  (Croydon) 

Manchester  and  Sheffield, 

Maryport  and  Carlisle, 

Midland, 

„        Bristol  and  Birmingham, 

Middlejhorough  and  Kedcar, 

Newcastle  and  Carlisle, 

Newcastle  and  Berwick  (North  Shields) 

Newcastle  and  Darlington, 


1846. 

1847. 

^. 

s. 

1,749 

2,012 

2,339 

3,200t 

3,765 

7,091 

616 

628 

5,123 

17,535 

120t 

lost 

3,078 

2,910 

4,000 

28t 

20,604 

22,796 

5,158 

7,274 

200t 

1,264 

700 

2,000* 

51t 

4,160 

2,917 

3,323 

20,978 

35,958 

31,477 

929t 

2,257 

4,840 

3,172 

2,821 

3,043 

1,142 

6,579 

5,284 

)  4,633 

36,657 

17,807 

5,470 

2,000* 

683 

1,933 

5,564 

10,513 

13,962 

63,183 

56,590 

8,608 

7,660 

325 

18,259 

23,944 

1,314 

1,474 

31,679 

ISIS.] 
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North  Union, 

20,000* 

20,000  • 

North  British, 

1,571 

Preston  and  I.oneridfje, 

16t 

Pontop  and  South  Shields, 

46,283 



Stockton  and  Darlington, 

65,736 

71,842 

Stockton  and  Hartlepool, 

7H2 

247 

„                „        (Clarence) 

30,261 

33,472 

Slamannan, 

2,325 

South  Eastern, 

9,554 

Scottish  Midland, 

349 

Shrewshury  and  Chester, 

86 

St.  Helen's, 

10.671 

10,469 

Taff  Vale, 

24,44  7 

28,620 

Ulster, 

406 

376 

■West  Cornwall  (Hayle) 

3,220 

3,667 

Wishaw  and  Coltness, 

13,623 

19,184 

Whitehaven, 

14 

350t 

Wilsontnwn, 

36 

233t 

York  and  Newcastle, 



111,384 

York  and  North  Midland, 

16,179 

19,637 

*  Estimated  amount. 

t  Imperfect  return 

This  constitutes  a  total  of  nearly  £550,000,  so  that  the  ^ross 
total  is  most  probably  nearly  £700,000,  being  the  sum  received  by 
railways  on  account  of  the  conveyance  of  coal.  Among  the  lines 
omitted  are  the  following : — 

Great  Western, 

Edinburgh  and  Glasgow, 

Glasgow  and  Ayr, 

London  and  South  Western, 

Eastern  Counties :  Colchester, 

Monkland  and  Kirkintilloch. 

The  rates  of  charge  vary  much  on  the  several  lines,  depending 
on  many  circumstances,  so  that  it  is  impossible  to  institute  an 
accurate  comparison.  In  some  cases,  the  coal-owners  supply  their 
own  locomotives  and  wagons,  and  are  charged  with  toll  only.  In 
others,  they  supply  wagons  only.  In  others,  they  are  charged  with 
an  additional  rent  for  wagons.  In  many  cases  the  company  hauls 
and  supplies  wagons. 

Rate  per  ton  per  mile  for  toll  only,  and  for  total  charges — 

Toll.        Total  charges. 
d.  d. 

We»t  Cornwall,  ..  —  5-82 

Dunfermline  and  Charlestown, 

Bodmin  and  Wadehridge, 

Newcastle  and  Berwick  (North  Shields)  — 

Arbroath  and  Forfar, 

Cockermouth, 

Scotch  Midland, 

Kendal  and  Windermere, 

Ballochney,  ., 

Preston  and  Longridge, 

Purness, 

Maryport  and  Carlisle, 

Londonderry  and  Enniskillen, 

Wishaw  and  Coltnesi, 

Brighton, 

Slamannan, 

East  Lancashire, 

London  and  South  Western, 

Lancaster  and  Carlisle, 

Whitehaven, 

Edinburgh  and  Glaigow, 

Caledonian, 

St.  Helen's, 

Llanelly, 

Ipswich  and  Bury, 

Shrewsbury  and  Chester, 

Bristol  and  Birmingham, 

Eastern  Union, 

York  and  Newcastle,  , . 

Nevicastle  and  Carlisle, 

Glas::ow  and  Greenock,      .. 

Hartlepool,  .. 

Taff  Vale, 

Stockton  and  Hartlepool, 

Lancashire  and  Yorkshire, 

North  British, 

Preston  and  Wyre, 

Eaitern  Counties  (Cambridge) 

Clarence, 

York  and  North  Midland, 
On  the  whole,  the  rates  for  the  carriage  of  coal  are  lower  than 
they  were  in  184.5  ;  only  a  email  quantity  of  coal  is  carried  on  the 
higher  priced  lines. 


__ 

4-29 

... 

4- 

0  - 

3-50 

2 

330 



3  11 



307 

— 

3- 

— 

3- 



2-66 

— 

2-50 

1-30 

2-47 

— 

210 

1-60 

203 

0-25 

2-00 

— 

1-88 

_ 

1  85 



1-77 

-_ 

175 



1-60 

— 

1-50 



1-43 

0-70 

1-40 



1-35 

— 

1-34 

— 

l-SS 

— 

1-32 

— 

1-26 



1-25 



125 

0  81 

1-25 

0-75 

1-25 

0-66 

116 

— 

106 



101 

— 

1- 
1- 

— 

1- 

0-89 



0-75 

The  following  shows  the  quantity  of  coal  carried  in  the  year 
ending  June  30,  1847,  at  each  rate  of  charge  : — 

Zd.  and  upwards,  302,126  tons. 

2d.  and  upwards,  198,252     „ 

\d.  and  upwards,  3,930,795     „ 
Under  Id.  629,410     „ 

Of  the  3,930,795  tons  carried  at  prices  between  Id.  and  2rf., 
3,812,725  tons  were  carried  at  rates  less  than  l^d.  per  ton  per  mile. 
It  will  be  seen  that  nearly  all  the  coal  carried  by  railway  is  carried 
for  less  tlian  l^rf.  per  ton  per  mile. 

The  maximum  charge  for  carrving  coal  is  now  5-82(i.  per  ton  per 
mile,  being  on  the  West  Cornwall  or  Hayle  railway.  In  1845  the 
maximum  charge  was  Gd.  per  ton  per  mile,  being  on  the  Canter- 
bury and  Whitstable  railway. 

Many  of  the  companies  make  no  return  of  their  charges  for 
carrying  coal,  which  is  the  more  to  be  regretted,  as  the  amalgama- 
tions have  caused  great  alterations  in  the  carrying  rates. 

The  chief  coal  lines  are  the  following : — 

1844-5.        1845-6.         1846-7. 

Tons.  Tons.  Tons. 

York  and  Newcastle,  1,616,555  1,962,334  1,654.029 

Stockton  and  Darlington,  900,000  904,358  911,645 

Hartlepool,                 ..  790,486  893,701  789,673 

Stockton  and  Hartlepool,  300,000  521,508  544,498 

Midland,                       ..  492,420  395,325  481,344 

Lindon  and  North  Western,           481,563  440,000 

Caledonian,                 ..                   227,183  335,319 

TatrVale,                    ..  125,066  284,066  314,021 

St.  Helen's,                 .,  229,775  245,573  247,734 

Glasgow  and  Ayr,      ..  120,000  180,130  242,443 

Newcastle  and'CarlisIe,  205,500  190,068  236,049 

North  Union,             ..  321,923  395,021  233,137 

The  Ballochney,  Monkland,  and  other  raihvays  in  the  neigh- 
bourhood, have  a  vast  coal  traffic;  but  from  the  state  of  the  returns, 
no  calculations  can  be  made  as  to  its  extent. 

The  following  shows  the  lines  on  which  the  largest  receipts  for 
coal  have  been  obtained  in  each  of  the  years  ending  June  30,  1845, 
1840,  and  1847  :— 


1845. 

1846, 

1847. 

£. 

£. 

JE. 

York  and  Newcastle, 

115,000* 

123,050 

112,853 

Stockton  and  Darlington, 

80,000* 

65,736 

71,842 

Midland, 

45,000* 

71,351 

64,250 

London  and  North  Western, 

25,910 

36,057 

Stockton  and  Hartlepool, 

31,043 

33,553 

Hartlepool, 

32,027 

35,958 

31,477 

Taff  Vale, 

19,939 

24,447 

28,620 

Newcastle  and  Carlisle, 

19,476 

18,259 

23,914 

North  Union, 

20,000 

20,000 

Caledonian, 

7,600 

2,917 

17,535 

•  Kstimated  amount. 

It  cannot  be  said  that  the  coal  traffic  greatly  advanced  in  the 
year  ending  June  30,  1847.  Though  a  great  advance  was  made  in 
the  previous  year,  there  seera  to  be  in  1847  sjTiiptoms  of  the  effects 
of  tlie  commercial  crisis.  A  decline  took  place  in  the  receipts  of 
the  York  and  Newcastle,  and  Midland,  though  an  increase  took 
place  on  the  Stockton  and  Darlington,  and  Newcastle  and  Carlisle. 

The  coals  conveyed  by  railway  from  the  several  fields  are  as 
follows : — 

1845. 

Tons. 

Northumberland  and  Durham,  3,850,000 
Cumberland,  ..  200,000 

Leicester,  Nottingham  &  Derby,  300,000 
Lancashire,  ..  900,000 

Yorkshire,  . .  

Bristol,  ..  50,000 

South  Wales,  ..  220,000 

Scotland,  ..  760,000 

It  is  impossible  to  separate  the  returns  accurately,  but  it  may 
be  assumed  that  the  quantity  of  coal  carried  by  railway  has  in- 
creased in  the  Scotch  and  Cumberland  fields.  The  produce  of  the 
Staffordshire  fields  cannot  be  separated. 

The  following  shows  the  quantity  of  coals  carried  inland  from 
the  sea  in  each  year : — 


1846. 

1347. 

Tons. 

Tons. 

4,500,000 

4,250,000 

135,000 

190,000 

300,000 

370,000 

1,270,000 

1,000,000 

240,000 

130,000 

90,000 

100,000 

380,000 

400,000 

1,650,000 

2,100,000 

1845. 

1846. 

1347. 

Tons. 

Tons. 

Tons. 

Eastern  Counties  :  Cambridge,          

15,000 

15,000 

„             Colchester,              20,000 

26,976 

20,000 

„             Eastern  Union           

16,000 

„             Ipswich  and  Bury,     

19,000 

„            Norfolk,                    

6,000 

15,000 
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South  Eastern, 

35,519 

45,350 

71,723 

Brigliton, 

36,000 

40,000 

40,000 

Soutli  Western, 

4,000 

18,830 

31,GJ'J 

London  and  Morth  Western, 

10,000 

10,000 

10,000 

Cornwall, 

28,000 

30,065 

33,545 

The  quantity  of  coal  carried  inland  by  means  of  railways  has 
i..LTeased. 

The  saving-  in  coal  supplied  to  the  city  of  York,  in  consequence 
of  Mr.  Hudson's  railway  measures,  is  not  less  tlian  £30,000  yearly. 
_  In  the  south-east  of  England,  which  is  supplied  mostly  from  the 
Nortliumherland  and  Durham  coal-fields,  the  quantity  carried  up- 
land by  railway  may  be  reckoned  as  follows: — 

1845,  120,000  tons. 

1846,  162,000  „ 

1847,  240,000  „ 

How  trivial  this  is,  may  be  seen  from  the  quantity  of  coals  im- 
ported into  London,  which  is  thus  shown. 

1825,  1,921,091  toni. 
1835,  2,299,816     „ 
1845,  3,461,199     „ 

It  will  be  seen  that  in  the  supply  of  the  inland  districts  the  rail- 
ways have  proved  very  effective ;  but  they  have  as  yet  done  very 
little  for  those  districts  which  are  supplied  from  the  sea.  This 
must  be  attributed  to  the  inability  of  the  railway  companies  to 
arive  their  attention  at  present  to  this  branch  of  traffic  ;  but  when 
they  do,  a  complete  revolution  must  be  effected  in  the  supply  of 
coals.  The  only  lines  from  which  we  have  detailed  returns  are  the 
Soutli  Eastern  and  South  Western,  which  show  a  great  increase  in 
the  (juantity  of  coal  carried.  There  is  every  reason  to  believe  that 
a  great  traffic  is  growing  up  in  the  Eastern  Counties  district — not 
less  than  85,000  tons:  but  the  returns  do  not  show  this  fully. 

No.  IV.— COKE  TRAFFIC. 

The  traffic  in  coke  must  be  considerable  in  some  districts,  but 
there  is  a  want  of  detailed  returns.  It  is  a  lucrative  branch  of 
revenue  to  the  Midland  Railway  Company. 

Tlie  following  shows  the  traffic  in  coke  in  each  year  on  the 
under-mentioned  lines : — 


1844. 

Totis. 
26,826 


1845. 
Tons. 

29,767 


Midland, 

Manchester  and  Bolton 

Newcastle  and  Carlisle,       3,504  8,333 

York  and  North  Midland,    16,013 

The  following  shows  the  receipts  for  coke  : — 

1846. 
Midland,  . .  JE20,210 

Manchester  and  Bolton,  16 

Newcastle  and  Carlisle,  391 

York  and  North  Midland,         4,772 


1846. 

Tons. 

57,015 
2,200 
3,312 

50,785 


1847. 

Tons. 

78,246 

8,221 
93,899 


1847. 
£24,198 

457 
7,792 


No.  v.— IRONSTONE  AND  IRON  TRAFFIC. 

These  form  great  branches  of  mineral  traffic,  but  the  extent  of 
tliem  is  very  imperfectly  expressed  in  the  returns. 

The  traffic  in  ironstone  on  the  following  railways  in  the  years 
ending  June  30,  1845,  1846,  and  1847,  is  shown  below  in  tons. 

1845. 

Tons, 

239,010 


Ballochney, 
Monkland, 
Newcastle  and  Carlisle, 
Tafr  Vale, 
Ditto,  Aberdare, 
Furness, 
Whitehaven, 
Wishaw  and  Coltness, 
Estimated  amount. 


58,850 


1846. 

Tons. 
190,352 
200,000* 
7,000t 
49,231 


400 

32,240  42,231 

t  Half-year,  3,,181  to«s.    r  Half-year,  72. 

The  returns  for  the  Ballochney  railway  include  iron  likewise. 
The  amount  received  in  each  of  those  years  was  as  follows  : 


1847. 
Tons. 
229,362 
200,000* 
7,000* 
54,614 
4,546 
106,301 
140t 
27,000§ 
i  Half-year,  I3,Qr6. 


Ballochney, 

Furness, 

Newcastle  and  Carlisle, 

Taflf  Vale, 

Ditto,  Aberdare, 

Whitehaven, 

Wishaw  and  Coltness, 


1845. 
£6,931 


6,786 


191 


1846. 
£5,353 

2,700* 
5,907 

11 

526 


1847. 

£8,901 

7,221 

6,457 
170 

500* 


The  rates  charged  for  the  conveyance  of  ironstone  and  iron-ore 
are  as  follows  : — 


*  Eltimsted  amouDt. 


Per  ton  per  mile. 

Ballochney, 

22bd. 

Newcastle  and  Carlisle, 

1-37 

Taff  Vale, 

1  16 

Whitehaven, 

, , 

1-25 

M'ishaw  and  Coltness, 

2-23 

The  traffic  in  iron  for  the  three  years  is  as  follows 

: — 

1845. 

1846 

1847. 

Tons. 

T.ms. 

Tons. 

Ardrossan, 

7,881 

14,065 

40,0001 

Glasgow  and  Ayr, 

25,000 

39,079 

50,825 

L^ncasliire  and  Yorkshire, 

9,000* 

15,001 

Maryport  and  Carlisle, 

2,937 

1,652 

Shrewsbury  and  Chester, 

9,488 

Slamannaa 

881 

Taff  Vale, 

88,493 

01,996 

67,039 

Whitehaven, 

1,233 

1,200  J 

Wishaw  and  Coltness, 

73,429 

77,826 

80,000§ 

Half-year,  4,4;u.      t  Half-year,  19, 

-33.       t  Half 

year,  636.      }  Half-year,  44,030. 

The  amounts  received  are  as  follows  :- 

- 

1845. 

1846. 

1847. 

Ardrossan, 

£  305 

£  556 

f  781* 

Glasgow  and  Ayr, 

2,400 



Lancashire  and  Yorkshire 

1,011* 

3,705 

Blarj  port  and  Carlisle, 

537 

297 

Shrewsbury  and  Chester, 

&51* 

Slamannan, 



78 

Tair  Vale, 

4,901 

C,974 

7,770 

Whitehaven, 

52 

37* 

Wishaw  and  Coltness, 

2,090 

3,371 

1,441* 

*    Imperfect  returns. 
The  iron  carried  is  mostly  pig-iron. 
The  rates  for  the  carriage  of  iron  are  as  follows  :- 

Ballochney,  .. 

Lancashire  and  Yorkshire, 

Marvport  and  Carlisle, 

Tali'Vale, 

M'isliaw  and  Coltness, 

Whitehaven, 

A  considerable  quantity  of  dross  and  slag  are  cirried,  but  there 
are  only  returns  on  the  Wishaw  and  Coltness  railway  : — 

Dross. 


Bar- 1 

ron 

Pig-iron, 

Per  mile 

'er 

ton. 

Per  mile  per  ton 

3d 

lOOi/. 

2  25 

1-80 

100 

184 

1-SS 

1846. 

1847. 

1810. 

1847. 

Tons. 

Tons. 

£ 

£ 

10,084 

90,000* 

1,968 

2,000 

Wishaw  and  Coltness, 

Slag  and  Char, 
Wishaw  and  Coltness,  882  l,000t  9  30 

*  Half-year,  45,261  tons,  1,002(.  t  Half-year,  544  tons,  171. 

The  rateg  for  carrying  dross  are  l-i2d.  per  mile  per  ton,  and  for 
carrying  slag  l*35rf.  per  mile  per  ton. 

The  traffic  of  the  Glasgow  iron  district  in  coals,  limestone,  iron- 
stone, iron  dross,  and  slag  carried  by  railway  was  in  1846  and  1847 
as  follows : — 

1846.  1847. 

Tons,        2,500,000  2,900,000 

The  traffic  of  the  Welsh  iron  district  in  coals,  limestone,  iron- 
stone, and  iron,  stands  as  follows  : — 

1844.  1845.  1816.  1847. 

Tons,       212,000  323,000  390,000  441,000 

The  traffic  of  the  Furness  iron  district  consists  solely  in  the 
shipment  of  ironstone  to  South  Wales,  to  the  e.xtent  of  106,301 
tons  in  1847. 

No.  VI.— COPPER  AND  TIN  TRAFFIC. 

The  traffic  in  copper  and  tin  ores  is  confined  to  the  Cornish  lines. 
There  are  no  data  now  to  show  this.  In  18  lo  I  estimated  it  as 
follows  : — 

Tons,  £  Rate. 

Bodmin  and  Wadebridge,      3,000  200  300ii. 

Hayle,  ..  20,u00  4,000  4-20 

No.  VII.— LIMESTONE  AND  LIME. 

The  following  shows  the  quantity  of  lime  carried  in  the  years 
ending  June  30,  1846  and  1847  :— 


1843.] 
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Arbroath  and  Forfar, 

Miilcilesborough  and  Redcar, 

Maryport  and  Carlisle, 

Leicester  and  SwanningtoD, 

Newcastle  and  Carlisle, 

Slainannan, 

York  and  North  Midland, 

*  Imperfect  return. 


1846. 

1847. 

Tons. 

Tons. 

1,000 

808 

2,549 

2,844 

2,727 

2,032* 

4,000 

4,609 


The  following  shows  the  amounts  received  for  the  carriage  of 
lime  : — ■ 


Leicester  and  SwanningfoD, 
JVIaryport  and  Carlisle, 
Bliddlesborougli  and  Redcar, 
Newcastle  and  Carlisle, 
York  and  North  Midland, 


1846. 
£  199 

108 

89 


1847. 


122 
25 


830 


The  following  shows  the  quantity  of  limestone  and  lime  carried 
in  the  years  ending  June  30,  1844,  1845,  1846.  and  1847  : — 


1844. 

Tons. 


1845. 

Tons. 


1846. 

Tons, 
1,000 


2,549 

73,776 

2,727 


9,291 
18,618 
14,324 


Arbroath  and  Forfar, 

Ballochney,  .,  . 

Fiirness,  ..  . 

Great  North  of  England,  2,500*         

Llanelly  and  Llandilo,                        338  291 

IMaryport  and  Carlisle,                         821  2,261 

IMidland,                      ..                     35,375*  S6.290 

Ditto  ( Leicester  and  Swannington)  2,818*  4,800 

Rliddlesborough  and  Redcar,  

Newcastle  and  Carlisle,                  19,072*  40,260 

Slamannan,  . .  

Wishaw  and  Coltness,  10,601 

York  and  North  Midland,  8,554 

Ditto  (Whitby  and  Pickering)         1,362 

*  Lime  only.  t  Half-year,  1,257  tons. 

The  traffic  in  limestone  and  lime  in  1S47 
may  be  calculated  as  follows  : — 

Arbroath  and  Forfar,  1,000  tons. 

Ballochney,             ..  5,000     „ 

Furness,                   ..  579     ,, 

Llanelly  and  Llandilo,  2,500     „ 

IMaryport  and  Carlisle,  2,844     „ 

Midland,                   ..  56,677     „ 

Middlesborough  and  Redcar,  808     „ 

Newcastle  and  Carlisle,  40  000     „ 

Slamannan,              ..  7,292 

Wishaw  and  Coltness,  18,000     „ 

Y'ork  and  North  Midland,  14,000     „ 

York  and  Newcastle,  2,500     ,, 


1847. 

Tons. 

244lt 
579 


2,844 
56,677 


818 


13,482 
8,998 
1,659 

t  Half-year,  6,773  tons. 


7,292 
13,000t 


so  far  as  details  exist, 


Total  ennmeraled,  146,000  tons. 

The  total  enumerated  in  1845  was  132,544  tons. 

Much  of  this  is  used  for  agricultural  purposes;  some  for  building; 
and  some  in  the  iron-works.  The  quantity  carried  for  agricultural 
purposes  may  be  reckoned  thus  : — 


District. 

Tons. 

Scotlanil, 

40,000 

Northern, 

50,000 

Yorkshire, 

23,000 

Lancashire, 

25,000 

IMidland, 

50,000 

Southern, 

20,000 

To^al,  210,000 

The  amounts  received  for  the  carriage  of  limestone  and  lime  in 
1845,  1846,  and  1847,  were  as  follows:— 

1845.         1816.         1847. 

Arbroath  and  F'orfar,  £  300    £ £ 

Ballochney,  .,  - 

Furness,  ..  

Llanelly  and  Llandilo,  12 

Maryport  and  Carlisle,  82 

Midland,                    ..  6,020 

Middlpsborongh  and  Redcar,      

Newcastle  and  Carlisle,  3,774 

Slamannan,  ..  

Wishaw  and  Coltness,  124 

York  and  North  Midland,  929 
*  Lime  only. 

The  total  receipts  for  the  carriage  of  limestone  and  lime  in  1847 


108 
9,622 


276 

323 

1,175 


66* 
2 


122 

5,309 


386 


830* 


Lime. 

Limestone. 

2-5rf. 

d. 

100 

1-50 

1  30 

1-33 

1-25 

1-25 

19 

1-35 

1  50 

1-50 

and  lime 

is  carried  0 

Tons. 

£ 

36,677 

5,309 

40,260 

3,774 

14,000 

830 

13,000 

323 

were  not  less  than  £ll,00O,  hut  there  has  been  a  faUing-off  in  the 
Midland  traffic. 

The  rates  for  the  carriage  of  a  ton  of  limestone  and  lime  per  mile 
are  as  follows  : — 

Arbroath  and  Forfar, 
Llanelly  and  Llandilo, 
Maryport  and  Carlisle, 
Lancashire  and  Yorkshire, 
Newcastle  and  Carlisle, 
Slamannan, 
M'ishaw  and  Coltness, 
Y'ork  and  North  Midland, 

The  greatest  traffic  in  limestone 
following  companies  :— 

Midland, 

Newcastle  and  Carlisle, 
York  and  North  Midland, 
Wishaw  and  Coltness, 
The  limestone  traffic  on  the  Midland  is  on  the  old  North  Mid- 
land line. 

No.  VIII.— STONK  TRAFFIC. 

The  number  of  tons  of  huilding  and  paving  stone  carried  in  the 
years  ending  June  30,  1845,  1846,  and  1847,  distinguished  in  tlie 
returns,  is  as  follows  : — 


Arbroath  and  Forfar, 

Chester  and  Birkenhead, 

Maryport  and  Carlisle, 

Midland  (Leicester  and  Swannington) 

Lancashire  and  Yorkshire  (Preston  and  Wyre) 

Preston  and  Longridge,  ,. 

St.  Helen's  and  Runcorn, 

Stockton  and  Darlington, 

Stockton  and  Hartlepool, 

„                 „            (Clarence) 
Wishaw  and  Coltness, 
York  and  North  Midland, 
Ditto  (Whitby  and  Pickering) 
York  and  Newcastle  (Great  North  of  England)    4,000 
„  (North  Shields  Branch)        


1845. 

1816. 

1847. 

Tons. 

Tons. 

Tons. 

20,000 

14,239 

11,7U 



478 

2,381 

3,975 

3,637 

10,412 

852 

8,203 

37,000t 

17,109 

20,930 

55,907 

89,540 

18,249 

7,388 

• 

26,977 

13,857 

6,492 

4,466 

ll,000t 

100,000* 

91,349 

30,465 


9,484       7,000§ 


Total  enumerated,         112,000     266,000     404,000 

*  Half-year,  51,030  tons.  t  Half-year,  5,291  tons. 

t  Half-year,  18,071  tons.  {  Half-year,  3,465  tons. 

The  figures  above  given  by  no  means  represent  the  gross  traffic 
in  building  and  paving  stones  for  each  year.  From  an  examination 
of  the  detailed  figures,  there  seems  to  have  been  a  faUing-oif  in  the 
the  use  of  building  and  limestones  in  1847,  although  the  gross 
quantity  carried  on  railways  increased. 

The  total  quantity  of  building  and  paving  stones,  limestones, 
and  lime  carried  on  railways  in  1847  was  as  follows,  according  to 
the  enumerated  returns  : — 

Building  stones,  404,000  tons. 

Limestones  and  lime,         146,000     „ 


550,000  tons. 

The  enumerated  traffic  gives  the  enormous  quantity  of  550,000 
tons  of  stones  carried,  but  tlie  whole  quantity  carrieil  must  be 
nearer  1,000,000  tons. 

The  amounts  received  for  the  carriage  of  buOding  and  paving 
stones  stand  thus  : — 


Arbroath  and  Forfar, 

Chester  and  Birkenhead, 

Maryport  and  Carlisle, 

Midland  (Leicester  and  Swannin^jlon) 

Lancashire  and  Yorkshire  (Preston  and  Wyre) 

Preston  and  Longridge, 

St.  Helen's  and  Runcorn, 

Stockton  and  Darlington, 

Stockton  and  Hartlepool, 

„  „  (Clarence) 

Wishaw  and  Coltness 
York  and  North  Midland, 
Ditto  (Whitby  and  Pickering) 
York  and  Newcastle  (Great  North  of  England) 
„  (North  Shields  Branch) 

*  Half-year,  3,925/.  t  Half-year,  38/. 


1815. 

£ 
1,100 


269 
91 


674 


151 

1,116 
800 


1816. 
£ 
945 

18! 
211 


2,023 

304 

780 

83 

7,000* 


i  Half-year,  66/. 


y  Half-year,  3a2/. 


473 

t  Half-year,  1,2US/. 


1847. 

£ 
740 

701' 

}02 


2  400J 

3,030 
123 
436 
170^ 

9,453 


70011 
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The  total  receipts  enumerated  in  181-7  were  about  £l9,000,  and 
those  for  limestone  and  lime  iii  11,000;  making  about  ii30,000 
enumerated. 

Tlie  rates  for  the  conveyance  of  building  and  paving  stones  are 
as  follows : — 

Per  mile  per  ton. 
Arbroath  and  Forfar,  2  50i/. 

Marj  port  and  Carlisle,  2  04 

Laucasbire  ami  Vorkliire,  l'%3 

Lunduu  and  South  Western,  2  50 

I'reston  and  Lon>;ridge,  3  00 

St.  Helen's  and  Kiincorn,  112 

Wisliaw  and  t^oltness,  2  50 

York  and  North  Midland,  100 

The  greatest  traffic  in  building,  paving,  and  limestones,  and  in 
lime,  is  carried  on  by  the  following  companies  : — 

Tons.  £ 

York  and  North  Midland,      10),0ii0       10,300 
Midland 

Newcastle  and  C'aili«Ie, 
IStucktun  and  Darlington, 
Preston  and  Lon^ridge, 
Stockton  and  Haiilepool, 
Wisliaw  and  CoUuess, 


C0,009 

5,369 

40,000 

3  800 

t?!l.510 

3  030 

37,000 

2,400 

21,245 

560 

24,000 

500 

PLAN-PRICKING    INSTRUMENT. 

Sir — Amongst  other  duties,  I  am  engaged  in  making  a  most 
extensive  and  minute  survey  of  a  large  city,  showing  every  house 
and  all  the  drainage  throughout,  the  scale  being  very  large — 
1  inch  to  100  feet ;  and  I  am  preparing  duplicate  fair  copies  of 
each  sheet,  which  is  being  done  by  pricking  through  all  the  sheets 
at  once,  the  original  working  drawing  being  placed  uppermost. 
In  doing  this  with  the  common  prickei,  I  fouud  that  the  draughts- 
man did  not  hold  the  pricker  perpendicular ;  consequently,  the 
lower  sheets  could  not  be  accurate  copies  of  the  original.  To 
obviate  this,  I  have  contrived  an  instrument,  by  which  any  atten- 
tion on  the  part  of  the  draughtsman  in  keeping  it  perpendicular 
is  not  required:  all  he  has  to  do  is  to  be  careful  that  he  pricks 
through  the  proper  points  of  the  plan  correctly;  the  holes  are 
then  sure  to  be  vertically  under  one  another,  let  the  sheets  of 
paper  be  ever  so  numerous. 

Elevation. 


V 

I       rm        1 

r 

^ 

Plan. 

The  engraving  is  apian  and  elevation  of  the  instrument,  the  full 
size.  The  arch  a,  is  of  brass,  with  a  cylindrical  crown  A,  in  which 
a  piston  e,  works.  At  the  lower  end  of  the  piston  the  needle- 
point is  fixed;  the  arch  is  moved  over  the  paper  until  the  needle- 
point is  precisely  over  the  spot  to  be  pricked  through  ;  the  finger 
then  presses  on  d,  the  top  of  the  piston,  which  effects  the  punc- 


ture; and  upon  relieving  it  of  the  pressure,  the  spiral  spring 
wound  round  the  piston  immediately  raises  it,  and  withdraws  the 
needle-point  from  the  paper; — in  this  way  the  work  is  done  both 
correctly  and  rapidly. 

To  prevent  the  needle  passinJ^•  far  through  the  paper  and  making 
a  large  hole,  or  sticking  into  the  drawing-board,  1  have  had  a  sheet 
of  zinc  to  cover  the  board,  and  fastened  down  to  it.  This  zinc 
sheet  being  a  little  less  in  size  than  the  drawing-paper,  admits  of 
the  latter  being  all  (one  upon  the  other)  pinned  down  to  the  board 
round  their  edges,  which  overlap  the  edges  of  the  zinc.  I  find  the 
zinc  to  be  very  advantageous  in  use,  as  it  causes  the  needle  to 
make  no  other  than  extremely  fine  holes. 


STREET  PAVING. 

Sir — It  is  not  necessary  at  this  time  to  revive  the  controversy 
formerly  raised  between  the  respective  advocates  of  wood  and  stone 
paving  ;  experience  or  experiment — that  great  test  of  truth — will, 
ere  this,  have  determined  the  opinions  of  most  persons,  as  to  the 
relative  value  or  conditions  of  applicability  of  the  two  systems. 
It  may  not,  however,  have  been  considered  how  far  combinations 
of  the  two  might  be  made  with  advantage — adapted  especially  to 
certain  cases. 

The  repairing  of  Holborn-hiU,  consequent  on  the  recent  removal 
of  the  houses  on  the  north  side  of  Holborn-bridge,  brings  to  consi- 
deration the  inconveniences — nay,  dangers,  occurring  to  the  carriage 
traffic  on  declivities  such  as  this,  with  any  mode  of  paving  hitherto 
adopted. 

The  placing  of  the  granite  stones  obliquely  to  the  line  of  surface, 
whereby  the  edges  of  the  stones  formed  a  series  of  sharp  angles  or 
steps  (thus  giving  a  rough  surface  and  good  foot-hold  for  horses 
drawing  up,  and  obstructions  to  the  too  rapid  sliding  of  wheels 
down  the  hill),  appeared  a  vast  improvement — and  truly  would  be 
so,  if  the  uneven  surface  thus  obtained  were  not  rapidly  worn  oif  by 
the  continued  traffic,  and  especially  by  the  action  of  the  drags  on 
the  wheels  of  carriages  descending  the  hill.  Thus  the  surface  soon 
becomes  smooth  and  slippery,  whatever  be  the  material  used  or 
form  of  laying,  whenever  the  material  is  of  one  and  the  same  kind, 
and  consequently  of  equal  wear  throughout. 

If,  however,  we  employed  materials,  in  conjunction,  of  different 
characters  and  rates  of  wear,  we  should  then  maintain  inequalities 
of  surface,  affording  continuous  foot-hold  for  horses,  and  obviating 
existing  defects. 

Suppose  that  between  each  course  of  granite  paving  there  were 
placed  a  thin  course  of  wood,  then  the  difference  in  the  wear  of  the 
two  would  give  the  effect  desired. 


ji 


The  annexed  sketch  shows  the  arrangement.  A  course  of  granite 
stones.  A,  to  be  laid  in  the  usual  way  across  the  road,  being  about 
three  inches  in  thickness  ;  following  this  with  a  plank  of  wood,  11, 
one  inch  thick,  and  of  the  depth  of  the  granites ;  then  following 
on  with  stones  and  planks  in  alternate  courses. 

Let  us  not  stand  arguing  doubts  and  probabilities,  but  put  the 
question  to  the  true  test — experiment.  This  can  be  done  within  a 
small  space,  and  at  little  cost. 

J.  L. 

ffampstead,  Augxist  8,  1848. 

[A  plan  Bometliing  aimilar  to  tbe  above  has  been  tried  tn  Ctieapsi'le  and  in  Piccadilly, 
bm  iieiiher  was  ot  vvooJ.  They  both  produced  a  veiy  disugrcciLic  rullliiig  and  jolliuu  m 
the  carriage  .J 
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EXPERIMENTS  ON  COALS. 

Report  on  the  Coals  Suited  to  the  Steam  Navy.  By  Sir  Henky 
DE  LA  Beche  and  Dr.  Lyon  Playfair. 

Experiments  necessary  to  ascertain  the  true  practical  value  of 
coal  involve  a  very  liirgre  series  of  observations,  extended  over  a 
considerable  period,  and  directed  to  special  objects  of  inquiry. 
The  qualities  for  which  particular  kinds  of  fuel  are  pre-eminent 
being  so  varied,  it  is  impossible  to  deduce  general  results  from  a 
limited  series  of  observations.  Even  in  the  economical  appli- 
cation of  coals,  their  evaporative  value,  or  their  power  of  forming 
steam,  one  variety  of  coal  which  may  be  admirably  adapted  from  its 
quick  action  for  raising  steam  in  a  short  period,  may  be  far  ex- 
ceeded by  another  variety,  inferior  in  this  respect,  but  capable  of 
converting  a  much  larger  quantity  of  water  into  steam,  and  there- 
fore more  valuable  in  the  production  of  force.  A  coal  uniting 
these  two  qualities  in  a  high  degree  might  still  be  useless  for  naval 
purposes,  on  account  of  its  mechanical  structure.  If  the  cohesion 
of  its  particles  be  small,  the  effect  of  transport  or  the  attrition  of 
one  coal  against  another  by  tlie  motion  of  a  vessel  might  so  far 
pulverise  it  as  materially  to  reduce  its  value.  Even  supposing  the 
three  qualities  united,  rapidity  and  duration  of  action  with  consi- 
derable resistance  to  breakage,  there  are  many  other  properties 
which  should  receive  attention  in  the  selection  of  a  fuel  without 
the  combination  of  which  it  might  be  valueless  for  our  steam  navy. 

Thei-e  is  an  important  difference  existing  between  varieties  of 
coals  in  the  bulk  or  space  occupied  by  a  certain  weight.  For  the 
purposes  of  stowage-room  this  cannot  be  ascertained  by  specific 
gravity  alone,  because  the  mechanical  formation  of  the  fragments 
of  coal  may  enable  one  of  less  density  to  take  up  a  smaller  space 
than  that  occupied  by  another  of  a  higher  gravity.  This  is  far 
from  an  imaginary  difference,  being  sometimes  as  great  as  60  per 
cent.,  and  not  unfrequently  40  per  cent.  The  mere  theoretical  de- 
termination of  the  density  of  coals  would,  therefore,  give  results 
useless  for  practice.  The  space  occupied  between  two  varieties  of 
coals,  often  equally  good  as  regards  their  evaporative  value,  differs 
occasionally  20  per  cent. — that  is,  where  80  tons  of  one  coal  could  be 
stowed,  100  tons  of  another  of  equal  evaporative  value  might  be 
placed,  by  selecting  it  with  attention  to  its  mechanical  structure. 

These  facts  are  mentioned  merely  to  show  that  a  hasty  gene- 
ralization should  not  be  made,  and  to  account  for  our  drawing  at- 
tention to  these  various  points  as  a  means  of  preventing  the 
selection  of  a  fuel  from  any  one  quality.  AV'e  do  not,  in  the 
present  stage  of  this  inquiry,  consider  it  proper  to  offer  any  recom- 
mendation of  our  own  as  to  particular  kinds  of  fuel,  leaving  the 
experimental  facts  to  decide  for  themselves. 

After  preliminary  experiments  had  proved  that  no  practical 
result  could  be  attained  by  mere  laboratory  research,  it  was 
determined  to  test  each  variety  of  coal  on  a  scale  of  sufficient 
magnitude  to  check  the  theoretical  views  by  the  practical  results. 
As  it  was  impossible  for  either  of  us  to  devote  our  whole  time  to 
this  inquiry,  our  services  being  required  by  other  official  duties,  we 
appointed  assistants*  to  superintend  its  special  parts,  under  our 
general  direction. 

It  will  be  obvious  that  there  are  several  circumstances  which 
must  receive  attention  before  the  true  evaporative  value  of  a  fuel 
can  be  obtained.  Thus,  the  water  in  the  tanks  has  a  varying  tem- 
perature during  the  day,  dependent  on  atmospheric  changes,  and 
is  always  different  from  that  in  the  boiler.  The  temperature  of 
water  in  the  boiler  also  varies  with  the  external  temperature,  and 
tlie  circumstances  under  which  the  experiments  are  made.  The 
shape  of  a  Cornish  boiler  favours  an  inequality  in  the  tempe- 
rature of  the  water  in  its  various  parts,  the  colder  and  denser 
water  sinking  to  the  bottom,  and  having  a  tendency  to  remain 
there  ;  so  that  the  temperature  of  water  at  the  surface  is  far  from 
being  the  mean  temperature  of  water  in  the  boiler,  the  difference 
between  the  surface  and  bottom  water  being,  on  an  average,  70^. 
Other  circumstances  naturally  affect  the  evaporative  powers  of 
the  coal,  as  for  example  the  fact  that  all  the  water  exposed  to  the 
action  of  the  fire  in  the  boiler  is  not  converted  into  steam,  and 
that  wood  is  used  to  light  the  fire.  Another  circumstance  of  con- 
siderable importance,  is  the  expansion  or  contraction  of  the  boiler 
from  an  increase  or  diminution  of  the  temperature.  In  the  early 
stage  of  the  experiments,  those  conducted  by  Messrs.  Wilson  and 
Kingsbury,  it  was  thought  unnecessary  to  make  a  correction  for 
this  variation  in  conditions ;  but  on  ascertaining  experimentally 

•  The  assistants  employed  were  Mr.  Wilson,  Principal  of  the  Poyal  Agricultural  Col- 
lege, Mr.  Kingsbury,  Mr.  J.  Arthur  Phillips,  and  Mr.  UntchinsOD.  Mr.  Wrightson,  a 
pupil  of  Llebig,  was  entrusted  with  the  analyses  of  the  coal,  Mr.  Galloway  analysed  the 
gases,  and  Mr.  Howe  also  assi&tifd  in  the  analyses. 


that  the  difference  was  as  much  as  69*625  lb.  of  water  in  the  con- 
tents of  the  boiler,  between  the  temperature  150'  and  212',  it 
became  desirable  to  make  an  allowance  for  it,  even  when  the  dif- 
ference between  the  initial  and  final  temperature  was  not  greater 
than  10°.  Other  circumstances  of  less  importance,  but  influencing 
the  results,  have  been  neglected,  because  the  application  of  such 
corrections  would  have  only  complicated  the  results,  and  would 
have  had  little  practical  value  when  the  errors  of  observation  in 
such  approximative  experiments  remain  so  large.  Among  these 
may  be  mentioned  the  quantity  of  gases  evolved  during  combus- 
tion, the  elevation  in  temperature  of  the  air  entering  the  fire-place, 
the  barometrical  and  hygrometric  conditions  of  the  atmosphere, 
the  radiation  from  the  boiler  (very  small  in  amount,  owing  to  its 
brick  covering),  the  hygrometric  state  of  the  fuel,  or  the  heat  ne- 
cessary for  obtaining  mechanical  draught  in  the  chimney.  In  most 
of  these  cases  the  necessary  observations  have  been  made,  to  en- 
able the  corrections  to  be  applied,  should  it  afterwards  appear 
desirable. 

In  making  the  calculation  for  the  evaporative  value  of  a  fuel, 
the  quantity  consumed  was  divided  into  two  portions,  the  first 
being  that  necessary  to  raise  the  whole  mass  of  water  exposed  to 
the  fire  from  tlie  mean  temperature  to  212',  the  second  portion 
being  that  required  to  evaporate  the  water  taken  from  the  tanks 
from  a  temperature  of  212".  To  enable  this  to  be  done,  the  mean 
temperature  of  the  whole  mass  of  the  water  is  ascertained — that  is, 
the  temperature  of  the  water  in  the  boiler  at  its  initial  tempera- 
ture after  being  mixed  with  the  tank-water  at  its  average  tempe- 
rature. The  average  of  the  latter  was  the  mean  of  several  obser- 
vations taken  during  the  day,  and  is  designated  by  t'. 

Let  w  be  the  weight  of  water  from  the  tanks  at  temperature  t' ; 
W  the  weight  of  water  in  the  boiler  at  temperature  t'\  this 
being  obtained  from  surface  temperature  corrected  by  experiment ; 
t,  temperature  after  mixture. 

Then  t  =  — -..y-j . 

The  correction  for  the  wood  was  made  from  data  procured 
by  Messrs.  Wilson  and  Kingsbury,  but  it  can  only  be  employed 
for  the  particular  wood  used,  as  in  subsequent  experiments  the 
evaporative  value  was  found  very  different  from  anotlier  quality 
obtained.  The  co-efficient  of  the  evaporative  power  of  the  wood 
may  be  deduced  from  experiment,  in  which  a  certain  weight  of 
Mater  was  raised  from  a  known  temperature  to  the  boiling  point, 
and  then  a  certain  portion  of  it  evaporated.  The  following  for- 
mulse  have  been  used  by  Mr.  Kingsbury  for  the  calculation : — 

N  is  the  total  weight  of  wood  used  in  raising  (^V  -j-  w)  (the 
weight  of  water  in  the  boiler,  and  of  that  let  down  from  the  tanks 
during  the  experiment)  from  the  mean  temperature  /  to  212^ ; 
then  it  is  necessary  to  find  the  weight  N'  necessary  to  evaporate 
f  from  212^ 

w 
Then  -j;  =  e,  the  evaporating  power. 

Let  TO  be  the  weight  of  wood  required  to  raise  W  -}-  to  from  t  to 

212',  the  number  1000  being  assumed  as  the  latent  heat  of  steam. 

N  to  evaporate  W  -\-  w  from  212' 

N'  to  evaporate  W  -\-  w  from  212° 

/  n 

Then  m  -j-  N'  =:  N.         Now 


_   .  re  W  -f  u) 

N  w 


212 


.W  =  n. 


W  +  w' 
I  (N  -  N')  =  (212  -  t)n  z=.  (212  -  t)  W  /^  +  ""j  . 


N  /  =  N' 


r^^ +Jf  (212-0  + /} 
=  ^'{^^^2-')^^^  +  "')  +  ^}' 

w (212  -  t)  {MV  +w)  +  Iw  _ 

•  ■  •  Sr  —  N I  ~  ^ 

or,  introducing  the  value  of  t  as  given  by  the  first  formula, 
(/  +  212  -  t)  w  +  (212  -  f)  W  _ 

N/  "  *• 

If  q  be  the  quantity  of  wood  used  in  lighting  the  fire,  e  q  will  be 
the  weight  of  water  evaporated  from  212'  by  the  wood,  and  must 
be  deducted  from  the  weight  of  water  evaporated  in  calculating 
the  work  done  by  the  coal. 

The  co-efficient  of  the  evaporating  power  of  the  coals,  or  the 

36 


274 


THE  CIVIL  ENGINEER  AND  ARCHITECT'S  JOURNAL. 


[Septembeb, 


niimlx'r  of  lbs.  of  water  wliioh  one  lb.  of  coal  will  evaporate  from 

Sl'i',  may  be  calculated  as  follows  : — 

Let  1'  be  tbe  total  quantity  of  coal  consumed,  then  the  work 

done  liy  P  will  be  to  raise   \V'  +  w  of  water  from  t  to  212°,  and  to 

evajxirate  t"  —  c'/  from  212^ 

Let  ;//  be  the  weight  of  coal  required  to  raise  W  +  w  to  212°,  from  t 
„  ,  evaporate  t/i  —  e^  from  212° 

„  „  „  W  +  w  from  212° 


n 


Then  =  =  E,  the  evaporating  power. 


Now  V  z^  m  A- 


p; 


212  -  t 
I 


m 
n 


„      p  w - eq 

But  -  =  TTT-r—  ; 


t  ic-eq  \   _ 

'  \SvT~wl  - 


WV  +  w 

iyV  +  w)  (212  -t)  +  iu'-eq)l 
PI 


212 -< 


V)  —  eq 


=  E. 


Introducing  the  values  from  which  the  mean  temperature  t  was 
obtained  (first  formula),  we  have  eventually — 

(/  +  212  -  t')  w  +  (212  -  t")  W  -  leg 


P/ 


=  E 


in  which  W  is  the  weight  of  water  in  the  boiler  ; 

«'  tlie  weight  of  water  drawn  from  the  tanks; 

t'  the  mean  temperature  of  water  in  the  tanks  ; 

t"  the  corrected  initial  temperature  of  water  in  the  boiler. 
In  the  preceding  formuhe,  the  latent  heat  of  steam  has  been 
taken  at  1000,  the  number  generally  used  in  this  country; 
hut  after  all  the  calculations  had  been  made  on  this  subject  from 
the  e.\]>erimentsby  Messrs.  Wilson  and  Kingsbury,  and  the  results 
>ient  in  to  tlic  Admiralty,  Regnault's  excellent  memoir  on  the 
'•Latent  Heat  of  Steam"  was  published.  It  became  necessary,  there- 
fore, to  use  these  new  results  in  tlie  future  experiments.'  These, 
so  far  as  they  apjdy  to  the  present  inquiry,  are  reduced  in  the  fol- 
lowing table. 


Table  I.— 

Sfiowitig  the  Specific  and  Latent  Heat 

of  Water  and  Steam, 

Number 

of 

Number 

Mean 

Unities 

of 

Sjjecific 

Air 

of 

Air 

Unities 

Heat  of 

Soecific 

Latent  Heat  of 

Ther- 

IHercu- 

Heat 

Thermo. 

Mer- 

of 

Water 

Heat 

Steain  saturated 

mo- 

rial 

uban- 

meter 

curial 

Heat 

betw-een 

of  Water 

to  the  temnera- 

meter 

Centi- 

donetiby 

FahreH- 

Fah- 

contain- 

0° and  T 

from  T 

ture 

T. 

Centi- 

grnde. 

one  kilo. 

beit. 

ren- 

ed in  one 

cent,  or 

to 

grade. 

of  water 

heit. 

pountl  of|ljet\veeii 

T-f  dT. 

\v  de- 

water  at 
T". 

32°  and 
T  Fahr. 

sceiifiing 

from 

Centi- 

Fahren- 

TtoOo. 

grade. 

heit. 

0 

o 

o 

o 

0 

., 

0-000 

?,2 

.. 

.■?2  0r'0 

1-OOOn 

e06-5 

1091  7 

10 

.. 

lii-002 

60 

50  003 

1-O'6o3 

1-0005 

699  5 

1(179-1 

ao 

, 

20010 

68 

., 

68013 

1  0006 

1-0012 

692  6 

1066-7 

:» 

.. 

30  026 

w; 

HO  OJO 

1  -COOO 

1-0020 

588-7 

1 054-3 

40 

40  051 

104 

104- 001 

1-0013 

1 -00.10 

678-7 

1041-6 

.10 

60-2 

50-087 

r.'2 

122  30 

1-22  150 

1-0017 

1-0042 

671-6 

1028-9 

fi.l 

,. 

00-1. -'.7 

140 

.. 

140  246 

1  0023 

1-0056 

6047 

1016  4 

70 

,. 

70-210 

158 

1,M-3»1 

1-0030 

1-1  072 

6  57-6 

1013  7 

^0 

.H0-2,-<3 

17G 

170  507 

1-0036 

1  0080 

650-6 

991-1 

iiir 

on-.-isi 

104 

104  (i85 

1  0(142 

1  0109 

643-6 

978-3 

mo 

loo-o 

100-."i00 

212 

2120 

212:100 

1  00.50 

1-0130 

6365 

9(i5  7 

110 

.. 

110-041 

230 

231-1.')3 

1-0058 

1-0153 

629-4 

952  9 

r.'o 

120-MlB 

248 

240-450 

1-0067 

10177 

623-3 

940-1 

130 

l.-iO  007 

2ea 

.. 

207-704 

l-(-076 

1  -0204 

616-1 

927-2 

140 

141215 

284 

286-187 

1-(I087 

1-11232 

608-0 

914-4 

l.'.O 

150-0 

151-4(12 

302 

302-0 

304632 

1  0007 

1-0262 

500-7 

901-2 

IDO 

., 

101-741 

a-jo 

,. 

323-133 

1-0109 

1-0204 

493  6 

888-6 

170 

^^ 

172-052 

,•{38 

,, 

341  693 

1-0121 

1-0328 

486  2 

875-1 

180 

_^ 

l'<2-:(01j 

356 

,, 

360-310 

10133 

1  0.-:64 

479  0 

8(i2  2 

100 

102-770 

374 

,. 

370-002 

1-0146 

1-0401 

471-6 

848-9 

200 

200'0 

■2113  20:1 

303 

302  0 

3II7-760 

1-0160 

1-0440 

464  3 

835-7 

210 

'213  llliO 

410 

, , 

416  .588 

1  0174 

1-C48I 

466-8 

822-2 

220 

.. 

224-102 

4:'8 

435  480 

1  0180 

1('524 

449-4 

808-9 

■2-M 

•• 

2.14  703 

446 

Aii  474 

10204 

1-0668 

441-9 

793-4 

It  also  became  desirable  to  introduce  new  corrections,  which  the 
progress  of  the  infjuiry  showed  to  be  needful.  Tlius,  Mr.  Phil- 
lips's careful  experiments  determined  the  alteration  in  tlie  capacity 
of  tlie  boiler  at  different  temperatures,  and  correction  was  in  future 
made  for  this  difference.  The  alteration  in  tlie  capacity  of  the 
measuring  tanks  was  also  estimated,  whenever  tlie  temperature 
differed  2°  fr(mi  that  at  which  they  were  gauged.  Another  cause 
of  error,  for  which  allowance  should  be  made,  is  any  difference 
which  may  exist  between  tlie  initial  and  final  temperature  at  the 
beginning  and  close  of  the  experiment.  This  difterence  being 
known  by  observation,  the  correction  may  be  applied  from  the 
table  of  expansion  of  the  water  in  the  boiler,  given.  Introducing 
these  new  corrections  into  the  experiments  for  ascertaining  the 


co-efficient  of  the  heating  power  of  the  wood,  the  following  are 
the  formuhe  used  by  Mr.  Phillips  : — 

{W  Jrw-  w)  {l+t)  +  wt'-]-  {w'  -  w) t" 

p^ _  h. 

In  which  W  is  the  water  let  down  from  the  tanks  during  the 
experiment. 

«•  =  The  weight  of  water  found  in  the  boilers  at  commence- 
ment of  experiment. 

w'  =  The  weight  of  water  in  boiler  at  close  of  experiment. 

/  =  Co-efficient  of  the  latent  heat  of  steam. 

t  =  Quantity  of  heat  necessary  to  raise  the  water  in  tanks 
from  its  mean  temperature  to  that  at  which  it  is  evaporated. 

t'  =  Quantity  of  heat  necessary  to  raise  the  water  in  the  boiler 
from  the  initial  to  the  final  temperature. 

f"  =  Quantity  of  heat  necessary  to  raise  water  at  the  tempera- 
ture of  tanks  to  the  final  temperature  of  water  in  the  boiler. 

P  =  Weight  of  combustibles  consumed  during  experiment. 

E  =  The  co-eflicient  of  the  heating  powers  of  wood. 

But  when  the  initial  is  lower  than  the  final  temperature,  the 
formula  becomes — 

(W  +  w  -  w')  I  -\-  Wt  +  wt'  +  (w'-  w)  tf" 
PI 


E. 


All  the  terms  retaining  their  original  value  except  the  last,  in 
which  t"  is  replaced  by  t'"  (or  the  heat  necessary  to  raise  the  final 
temperature  to  that  at  which  the  water  was  expanded),  and  must 
be  regarded  as  having  a  negative  value,  while  f  becomes  positive. 
If  now  q  is  the  weight  of  wood  used  in  lighting  the  fire,  the 
formula  for  estimating  the  evaporative  power  of  the  coal  will  be 

(W  -  Eq  +  w- w')  l  +  {W-\-w- w')  t  +  wt'  -\-  (»/  -  w)  t" 


And 


PI 

(W  -  E  7  -^  TO  -  ic')  <  -)-  Wt  4-  wt'  -(-(«/-  v)  t'"  __ 

PI  ~ 


E' 


E'. 


As  the  experiments  are  strictly  comparative,  and  under  like 
conditions,  the  want  of  the  other  corrections,  to  which  we  have 
alluded  above,  will  not  be  felt  in  examining  the  results;  while 
their  execution  would  have  introduced  a  refinement  into  the  ex- 
periments which  never  could  be  obtained  in  practice,  and  which, 
in  fact,  would  be  useless  and  unwarrantable  while,  as  previously 
remarked,  the  errors  of  observation  in  all  such  approsdmative  ex- 
periments remain  so  large. 

The  only  omitted  correction  which  in  appearance  might  be  sup- 
posed necessary  for  practical  purposes,  is  tliat  for  the  hygroscopic 
condition  of  the  fuel.  Had  wood  been  employed,  this  must  have 
been  done ;  but  the  hygroscopic  nature  of  coal  is  very  much  less 
than  that  of  wood.  'Phe  latter  contains  -5-  its  own  weight  of  hygro- 
scopic water  ;  and  the  heat  necessary  for  the  evaporation  of  this 
quantity  might  be  shown  by  a  simple  calculation  to  be  nearly  equal 
to  22  per  cent,  of  the  total  heat  obtained  by  the  combustion  of  the 
wood.  The  hygroscopic  water  in  coal  is  however  very  small,  as 
will  be  seen  liy  the  following  determinations  of  some  of  the 
Welsh  specimens  experimented  upon  : — 

Hygroscopic  water. 


Graigola  Coal 

Anlhra(-ite 

Oiclcastle 

Ward's  Fiery  Vein 

l\Iynydd  Newydd 

Pentrepnth 

Pcntreftlin 


1-06  per  cent. 

2-44 

0-74 

1-27 

0-67         „ 

0-78        „ 

0-70 


Had  we  introduced  corrections  for  these  small  quantities,  prac- 
tice would  have  been  misled ;  because  the  coals  will  rarely  reach 
a  vessel  in  the  dry  state  that  they  did  in  the  jirescnt  case,  when 
they  were  packed  in  hogsheads  and  ke])t  under  cover. — It  was 
found  unnecessary  to  correct  for  any  inflammable  gases  flying  up 
the  chimney,  because  repeated  analyses  of  the  chimney  gases 
proved  them  not  to  contain  any  combustible  constituent;  the 
only  products  ever  found  being  cai^bonic  acid,  sulphurous  acid, 
oxygen,  and  nitrogen.  The  quantity  of  free  oxygen  in  the 
chimney  varied  from  j  to  ^  of  tlie  oxygen  which  combined  with 
the  fuel ;  in  other  words,  nearly  twice  the  quantity  of  air  passes 
through  the  fire  than  that  which  is  strictly  necessary  by  theory. 

M'ith  regard  to  the  selection  of  the  coals  for  trial,  we  have  to 
refer  to  Mr.  'Wilson's  letter.  This  letter  gives  the  information 
obtained  in  a  tout  made  by  Professor  AMlson  for  tlie  purpose  of 
ascertaining  the  best  coals  fitted  for  trial  in  the  South  Wales  coal 
district,  and  the  ports  from  which  they  can  conveniently  be 
ship])ed.  This  district  was  selected  because  the  -varying  charac- 
ter of  the  coals,  from  the  bituminous  to  the  anthracitic,  ofl^ered 
those  which  were  most  likely  to  combine  the  qualities  desired  for 
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naval  purposes.  It  was  intended,  as  being  most  convenient  for 
the  inquiry,  to  have  adhered  strictly  to  districts.  In  the  experi- 
ments tliis  has  hitherto  been  done,  except  in  special  cases  at  the 
request  of  the  Admiralty. 

The  following  table  (Table  II.,)  contains  an  abstract  of  the 
results,  so  far  as  regards  the  evaporative  value  of  the  fuel.  This 
table  relates  only  to  the  economical  value  of  the  coals  examined, 
and  to  the  steam  generated  by  a  unit  of  the  respective  coals, 
without  however  implying  a  unit  of  time.  The  details  with  refer- 
ence to  time,  which  forms  a  most  important  element  in  the  value 
of  the  respective  fuels,  will  be  given  hereafter. 

Table  II. — Showing  the  Economic   Values  of  the  Coals. 
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u    . 
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§1 
S  u   . 

o  ^ 

m 

HI 

11  f 
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13 

n 

»  g 

O  J3 

^   O 

1 

WKLSH 

A. 

B.          C. 

D. 

E. 

F. 

G. 

H. 

I. 

Mean. 

COALS. 

lb.         lb. 

Grai^ola  ..      .. 

9-35 

60-166   81  107 

•742 

34-8 

37-23 

49-3 

9  66 

881-20 

441-48 

AnthrBcite.  Jones 

9-48 

08-25    1  85-786 

•679 

47-26 

38-45 

68  6 

9-7 

565-02 

409-37 

Oldcastle  Vein.. 

894 

5(1-916    80-42 

•633 

67-946 

43-99 

67-7 

455-18 

484  30 

Ward's  fiery  vein 

9  40 

67-433 

83-85 

•685 

46- 

39- 

48-5 

106 

fi08^78 

529-90 

Binea 

9-94 

67-08 

81-3.57 

•702 

42-53 

39-24 

61-2 

10-3     637-92 

488-95 

LIungenneih  .. 

8-88 

56-93 

81-86 

•695 

43-76 

39-34 

53-6 

9-2    1623-75 

.S73-22 

Peutrepoth 

872 

57  72 

81-73 

•7U5 

40-17 

38-80 

465 

8-98  618  32 

381-60 

Pentrefelia 

6-38 

88-166  ,  84-726 

•781 

28-061 

33-85 

62-7 

7-4    1489  62 

247-24 

Diiftryn     ..     .. 

10-14 

.53-22    1  82-72 

■S-Vi 

55-43 

42-09 

56-2 

11-80  '640  12 

409-33 

Bfynydd  Nenydd 

9.52 

68-33    1  81-73 

-689 

45  09 

.-(9-76 

6i-7 

10-69 

638  28 

470  69 

Three-quarter 

8  84 

58-388    8360 

.6/4 

48-20 

39-72 

62-7 

,  , 

498  46 

486-86 

Rock  VciQ  .. 

Cwm  Krood  Rock 

8-0 

65-277 

78-299 

•706 

41-648 

40-52 

72-5 

9-.35 

480-90 

379-80 

Cvvm  Nauty-gros 

8-42 

56-0 

79  869 

•701 

42-80 

40-00 

55-7 

8-82 

471-.52 

404  16 

Uesolven  ..     .. 

9  63 

58-«5 

82-364 

•712 

40-39 

38  19 

35-0 

10  44  6,59  03 

390  25 

I'ontypool..     ,. 

7-47 

65-7 

8235 

•676 

47-845 

40-218 

.57-5 

8-04  1418-07 

250-40 

Itedwas     ., 

979 

50-5 

82-6 

•611 

63  665 

44-32 

640 

9  99  !494  39 

476-96 

Kbbw    Vale     ., 

1021 

53-3 

7881 

■678 

45-98 

42-28 

4.50 

10-04  |.54419 

460-22 

Porthmawr      .. 

7-S.3 

63-3 

88-722 

•614 

82-7 

42-02 

82  0 

7-76  401  34 

347  44 

Coleshill  ..     .. 

8-0 

63'0 

80-483 

•658 

61-85 

42-26 

62- 

8  34 

424-0 

406-41 

SCOTCH 

COALS. 

Dalkeith  Jewel 

7-OS 

49-8 

79-672 

•626 

69-984 

44-98 

85-7 

7-10 

352-58 

356-18 

„    Coronation 

7-71 

5166 

78-611 

•667 

6217 

43-^.6 

8-i-2 

7-86 

398-29 

370-08 

Wallseud  Elgia 

8'46 

64-6 

78  611 

•694 

43-78 

41-02 

64- 

8-67 

480-82 

436-77 

Fordel  Splint  .. 

7-58 

55-0 

78611 

•699 

4  -92 

40-72 

63- 

769 

416-80 

464-98 

Grangemouth  . . 

7-40 

64-25 

80-48 

•674 

48  35 

40-13 

09-7 

7-91 

401-45 

380-40 

ENGLISH 

COALS. 

Broomhili 

7-3 

62-5 

77-988 

•673 

48-65 

42-67 

65^7 

7-66  1383-25 

397-78 

Lydney 

8-62 

64-444   80  0461 

•68 

47-02 

41-14 

65^0 

8-98 

463-86 

487-19 

IRISH. 

1 

Slievardagh      .. 

9'85 

62-8 

99-67 

•630 

68  55 

35-66 

74- 

10-49 

618-58 

473-18 

PATENT 

FUEL. 

Wylam's..     ., 

8-92 

65-08 

68  629 

•948 

5-46 

34-41 

9-74 

430^51 

41S'89 

Bell's        ..      .. 

8  53 

863 

71-1-24 

•918 

8  91 

34  .-«> 

8  85  5.57-0 

64911 

Warlich's. .     . . 

lU-38 

69-05 

72-284 

•955 

4-49 

32-44 

10  60  715-36 

457-84 

The  economical  results  obtained  by  evaporation  in  the  best- 
applied  practice  are  ascertained  to  be  only  a  small  part  of  the 
theoretical  result  following  from  the  actual  quantity  of  heat  capa- 
ble of  being  generated.  Still,  as  a  comparative  statement,  it  is 
necessary  to  contrast  the  economical  heat  given  out  by  a  coal  with 
the  theoretical  quantity.  The  cause  of  tlie  difference  between  the 
aj)plied  and  theoretical  quantities  is,  at  least  in  a  great  degree, 
obvious,  and  does  not  by  the  apparent  difference  prove  the  fallacy 
of  calculation.  Before  the  comparison  can  be  made,  it  is  neces- 
sary to  liave  a  knowledge  of  the  composition  of  the  respective 
coals  :  of  this  we  subjoin  a  table. — {See  Table  III.) 

Chemists  differ  as  to  the  mode  of  calculating  the  theoretical 
heating  values  of  coals,  but,  as  an  approximative  rule,  without  in- 
sisting on  its  absolute  accuracy,  tlieir  calorific  values  are  found  to 
stand  in  relation  to  the  quantity  of  oxygen  required  for  their  com- 
plete combu.stion.  This  may  be  estimated  experimentally  by 
heating  the  coal  with  an  excess  of  litharge  ;  or  it  may  be  deter- 
mined by  calculation  from  the  known  equivalents  of  the  com- 
bustible ingredients  of  the  coal.  From  the  quantity  of  lead 
reduced  by  the  coal,  the  oxygen  employed  in  its  combustion  may 
be  estimated,  and  the  calorific  values  stand  in  direct  relation 
to  this  quantity.  The  amount  of  oxygen  necessary  to  consume  the 
combustible  constituents  may  more  accurately  be  determined 
by  elementary  analysis  ;  and  thus  calculated,  the  results  are  gene- 


Table  III. — Showing  the  Mean  Composition  of  average  samples  of  the  Coals. 
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Locality  or  name  of  Coal. 

■a  — 

a 
o 
.a 

£ 

c 

CM 

o 

3 
O. 

.c 

Z 

M 

O 

< 

i  ...s 

::li 

i£" 

WELSH  COALS. 

Graigola        

1-30 

84-87 

3-84    0-41 

0-45 

7-19 

3-24 

83'5 

Anthracite 

1-376 

91-44 

3-48 

0-21 

0--'9 

2-.58 

1-62 

92-9 

Oldcastle  Fiery  Vein 

1-2S9 

87-68 

4-89 

1-31 

0-09 

3-39 

2-64 

79-8 

Ward's   Fiery  Vein 

1-344 

87-87 

3-93 

2-02 

0-83 

* 

7-04 

Binea              

1-304 

88-68 

4-83 

1-43 

0-33 

1-03 

3-96 

88-10 

Llangennech             

1-312 

85-46 

4-20 

1-07 

0-29 

2-41 

6  54 

83-89 

Pentrepoth 

1-31 

88-72 

4-60 

0-18 

3-24 

3-36 

82-5 

Pentrefelia 

1-358 

85-52 

3-72 

Trace. 

0-12 

4-65 

6-09 

85-0 

Duffryn           

1-326 

88-26 

4-86 

1-45 

1-77 

0-60 

3-26 

84-3 

Mynydd  Newydd 

1-31 

84-71 

5-76 

1-66 

1-21 

3-62 

3-24 

74-8 

Three-quarter  Rock  Vela  .. 

1-34 

75-15 

4-93 

1-07 

2-86 

6-04 

10-96 

62-5 

Cwm  Frood  Rock  Vein 

1-255 

82-25 

6-84 

1-11 

1-22 

3-58 

6-00 

68-8 

Cwm  Nanty-gros 

1-28 

78-38 

5-59 

1-86 

3-01 

5-58 

5-60 

65-6 

Uesolven        

1-32 

79-33 

4-76 

1-38 

5-07 

* 

9-41 

83-9 

PantyPool 

1-32 

80-70 

6-68 

1-35 

2-39 

4-S8 

6-62 

64-8 

Btjdwas          

1-32 

80-61 

6-01 

1-44 

3-50 

1-50 

6-94 

71-7 

EUbw  Vale 

1-276 

89-78 

5-15 

2-16 

1-02 

0-39 

1-50 

77-5 

Purthmawr  Rock  Veia 

1-39 

74-70 

4-79 

1-28 

0-91 

3-00 

14-72 

63-1 

ColeaUilt        

1-29 

73-84 

6-14 

1-47 

2-34 

8-29 

8-92 

58-0 

SCOTCH   COALS. 

Dalkeith  Jewel  Seam 

1-277 

74-55 

0-14 

0-10 

0-33 

15-51 

4-.-?7 

49-8 

Dalkeith   Corouation    Seam 

1-316 

76-94 

5-20 

Trace. 

0-38 

14-,17 

3-10 

53-5 

AVallsend  Elgia 

1-29 

78-09 

5-22 

1-41 

1-63 

6-05 

10-70 

.58-45 

Fordel    Splint          

1-26 

79-58 

5 -.50 

1-13 

1-46 

8-33 

4-00 

52-03 

Grangemouth           

1-20 

79-85 

5-28 

1-35 

1-42 

8-58 

3-62 

56-6 

ENGLISH   COALS. 

Bruomhill 

1-25 

81-70 

6-17 

1-84 

2-86 

4-37 

3-07 

59-2 

Park  End,  Lydoey 

1-283 

73-62 

6-69 

2-04 

2-27 

6-48 

10-00 

57-3 

Slievardagh  (Irish) 

1-59 

80-03 

2-30 

0-23 

6-76 

* 

10-80 

90-1 

FOREIGN   COALS, 

Formosa  Island 

1-24 

78-28 

6-70 

0-64 

0-49 

10-95 

3-96 

Borneo  (Labuan  kind) 

1-28 

64-52 

4-74 

0-80 

1-45 

20-75 

7-74 

,,    3  feet  seam 

1-37 

54-31 

6-03 

0-98 

1-14 

24-22 

14-32 

„  11  feet  seam 

1-21 

70-33 

6-41 

0-07 

1-17 

19-19 

3-23 

..  ■ 

PATENT  FUEL. 

Wylam's        

1-10 

79-91 

6-69 

1-63 

1-25 

6-63 

4-84 

65-8 

Bell's              

1-14 

87-88 

6-22 

0-81 

0-71 

0-42 

4-98 

71-7 

Warlich'a 

1-15 

90-02 

6-56 

Trace. 

1-62 

*   , 

2-91 

85-1 

*  Included  in  the  Ash. 
rally  found  to  be  about  ^  greater  than  those  indicated  by  experi- 
ment with  the  litharge.  Tiie  calculation  from  the  elementary 
analysis  depends  upon  the  circumstance,  that  6  parts,  or  one  equi- 
valent, of  carbon  requires  IG  parts,  or  two  equivalents,  of  o.xygen 
for  combustion,  while  1  part  of  hydrogen  requires  8  parts  of 
oxygen  ;  it  is  only  necessary,  therefore,  to  subtract  from  the 
hydrogen  a  quantity  corresponding  to  the  oxygen  contained  in  the 
coal  to  enable  the  calculation  to  be  made  on  these  principles. 

As  the  calorific  values  are  only  relative,  it  is  useful  to  refer 
them  to  the  heating  power  of  pure  carbon,  one  part  of  whicli 
requires  2'666  parts  of  oxygen  for  combustion,  and  is  capable,  ac- 
cording to  Despretz,  of  heating  78^15  parts  of  water  from  its 
freezing  to  its  boUing  point.  The  calculation  may  be  simplified 
by  multiplying  each  part  of  lead  obtained  by  2-265,  which  gives  at 
once  the  weight  of  water  capable  of  being  heated  between  these 
temperatures  by  a  unit  of  the  coal  used  in  reducing  the  litharge. 
On  these  principles  the  following  table  is  constructed. — (iVe 
Table  IV. 

With  regard  to  the  practical  application  of  fuel,  such  a  table 
could  not  supersede  experiment,  as  tlie  economical  values  of  the 
coal  depend  also  on  adventitious  circumstances  connected  with 
their  physical  as  well  as  their  chemical  condition.  This  table, 
while  on  the  whole  it  agrees  with  and  confirms  the  practical 
results  of  experiments,  still  differs  in  a  marked  degree  in  one  or 
two  instances :  this  difference  arising  as  much  from  the  chemical 
as  from  the  physical  dift'erences  of  the  coals.  Thus,  if  by  destruc- 
tive distillation,  which  occurs  in  furnaces  before  combustion,  a 
large  quantity  of  the  constituents  of  the  coal  are  rendered  gaseous, 
so  much  heat  is  expended  in  this  act  that  the  heat  developed  by 
their  after-combustion  is  frequently  not  greater  than  that  ab- 
stracted during  their  formation,  in  which  case  a  thermo-  neutrality 
occurs.  To  ascertain  the  proportion  of  fixed  and  volatile  products 
in  the  various  coals,  a  very  difficult  and  elaborate  process 
was  adopted ;  but  the  tediousness  and  chances  of  failure  in  this 
kind  of  analysis  have  induced  us  to  include  only  a  limited  number 
of  coals  (those  given  in  Table  V.),  especially  as  for  steam  purposes 
it  was  sufficient  to  determine  the  per  centage  of  coke,  as  stated 
in  Table  II. 

30* 
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Table  IV. — Showing  (hs  Calorific 

Values 

0/  the  Coals. 

% 

-o 

^ 

>* 

§■«■ 

x  0  -a 

o 

£i 

tj  r»  » 

bo 

(J 

-a 

■e  a 

3  "     3 

Irftcnlity  or  Name  of  Conl 
empluyedio  the  Experimeuta. 

J3 

1. 
■§1 

■S-S 

1  = 

-■a 
0;  a 
o  * 

v  a 
0 .!; 

9 
C* 

£| 

bl,  to 

I" 

IJI 

1:3 

■-  "o  :n 
00-' 

■si 

ss 

1?- 

c 

g 

c  '• 

a 
ea 
3 

II 

I^i 

3 
CI 

O 

§ 

a 

K  0 

z-l- 

WELSH  COALS. 

A. 

B. 

C. 

D. 

E. 

F. 

Graigola 

3208 

2-49 

2-49 

2-26 

93-4 

72-66 

Anthracite  (Jones  and  Co.) 

;i3-48 

2-60 

2-69 

2-43 

97-5 

7.1-73 

01dt-B3tIe  Fiery  Veiu       .. 

31-42 

2-44 

2-71 

2-34 

91-5 

71-16 

Ward's  Fiery  Vein 

31-4i; 

2-44 

2-65 

2-34 

91-5 

71-25 

Binea 

31-64 

2-46 

2-72 

2-36 

92-2 

7166 

Llangennpck    ., 

3'.'-80 

2-53 

2-59 

2-28 

94-9 

73^97 

Pentrepoth        .. 

31-1B 

2-39 

2-69 

2-36 

89-6 

70^57 

Pentrefetin 

30-'<2 

2-.f7 

2-53 

2-28 

■89-2 

69-13 

Powel's    DuflTrvn 

30-00 

2-33 

2-71 

2-35 

87-7 

67-95 

Mynydd  New  ydd 

30-34 

2-35 

2-67 

2-25 

88-5 

68-72 

Three-quarter  Rock  Vfin 

■l(>-»2 

2-1^6 

2-;i4 

2-00 

77-2 

60-29 

Cwm     Frnod    Rock    Vein 

2rt-30 

2- 19 

2-62 

2-19 

82-5 

64-10 

Cwm  Nanty-Gros            ,. 

29-64 

2- 28 

2-47 

2-08 

85-5 

67-13 

FeBo'veti 

3-2-16 

2-50 

2-49 

2-11 

93-7 

72-84 

Pontypool 

27-46 

2-13 

2-S5 

2-15 

80-2 

62-19 

Bedwas 

2s-2a 

2-19 

2-<:0 

2-15 

82-1 

63-87 

FblnvVale 

32-00 

2-48 

2-80 

2-39 

93^0 

72-48 

Porthmawr  Rock  Vein  .. 

24-78 

1-92 

2-33 

1-99 

72^0 

56-12 

Coitfshill 

26-14 

2-03 

2-28 

1-90 

76-1 

59-21 

SCOTCH    COALS. 

Dalkeith  Jewel  Se^m      . . 

26-42 

2-05 

2-24 

1-08 

76-8 

59-84 

,.         Coronation  Seam 

24-56 

1-96 

2-32 

2-05 

73-5 

56-63 

Flgin  Wallaeud 

l!9-06 

2-2.5 

2-38 

2-02 

84-7 

66-82 

Fordel  Splint    .. 

29-00 

2-25 

2-47 

2-12 

84-7 

65-68 

Granijemouth    .. 

28-48 

2-20 

2-46 

2-13 

82-8 

64-51 

Bronmhill  (English)      ., 

25-32 

1-96 

2-63 

2-18 

73-5 

57-35 

SliBvardagh   (Irish) 

30-10 

2-33 

2-31 

2-13 

87-7 

70-44 

PATENT  FUEL. 

Wylam's 

28-32 

2-23 

2-52 

213 

84-n 

65-27 

Bell's 

2«-.'J2 

2-21 

2-75 

2-34 

83-2 

64-59 

Warlich's 

31-50 

2-44 

2-84 

2-40 

91-5 

71-35 

Tabie  V. — S/iotcinff  the  Amount  of  Various  Suhitances  produced  by  the 
destructive  Distillation  of  certain  Welsh  Coals. 


Car- 

Sulph. 

defiant 

Other 

Name. 

Coke. 

Tar. 

Water. 

Ammo. 

bonic 

Hydro- 

Gas and 

Gases 

Qla. 

Acid. 

gen. 

Hydro- 
Carbon. 

inflam. 
mahle. 

t^raignla     ..      .. 

85-6 

1-2 

3-1 

0-17 

2-79 

Tr.ices. 

0  2.i 

7  01 

Anthracite    .     .. 

92  9 

None. 

2-87 

0-20 

0  06 

0  04 

? 

3  93 

Olrtcastle  Beryvein 

79  8 

6-86 

3-39 

0-35 

0-44 

0  12 

0-27 

9-77 

Ward's  5tfry  vein 

1-80 

301 

0-24 

1-80 

0-21 

021 

Binea 

8810 

2  08 

3  68 

008 

1-68 

0-09 

0  31 

4  08 

Uaogenneck     .. 

83-69 

122 

4  07 

0  08 

3  21 

002 

0-43 

7-28 

It  has  been  for  some  time  asserted,  that  the  evaporative  value  of 
a  bituminous  coal  is  expressed  by  the  evaporative  value  of  its 
coke,  the  heat  of  combustion  of  its  volatile  products  proving-  in 
practice  little  more  than  that  necessary  to  volatilise  them.  If 
this  supposition  were  even  near  the  truth,  the  most  useful  practical 
results  might  follow  from  it.  By  a  larger  and  better  applied  system 
of  pas  manufacture,  the  volatile  products  of  distillation  might  be 
made  useful  not  only  for  the  purposes  of  illumination,  but  also  for 
domestic  heat,  and  the  residual  coke  miglit  be  used  with  an  equal 
economy  in  our  manufactures*  ;  thus  preventing  the  emission  of 
tliat  smoke  which  at  present  is  so  destructive  to  the  comfort  of 
our  large  cities.  It  is  easy  from  analysis  to  examine  whether  the 
duty  performed  by  the  coal  is  to  be  attributed  to  its  fi.xed  ingre- 
dients or  coke,  by  estimating  the  work  which  the  latter  is  capable 
of  performing.  This  may  be  done  by  subtracting  the  amount  of 
ashes  in  the  coal  from  its  amount  of  coke  (Table  III.)  and  esti- 
n\ating  the  remainder  as  carbon.  This  carljon  multiplied  by  its 
lieating  power,  ISStJS,  and  divided  by  965-7  or  the  latent  heat  of 
steam,  indicates  the  iiunil>er  of  pounds  of  water  which  the  coke  by 
itself  could  evajiorate,  witliout  tlie  aid  of  the  combustible  vola- 
tile ingredients  of  tlie  coal.  These  results  are  placed  in  column 
K,  of  Table  VI.,  in  juxta-position  with  the  actual  work  done  by 
the  coal,  and  it  will  be  seen,  that  notwithstanding  several  striking 

*  In  this  ease  it  wnuld  not  be  necessary  to  carry  on  tbe  process  of  distillation  so  far 
aa  at  pieaeul,  as  tbe  residual  toke  would  be  more  combustible  uud  tbe  gases  jjurer. 


exceptions,  which  might  have  been  expected,  they  on  the  whole 
■show  that  the  work  capable  of  being  performed  by  the  coke  alone, 
is  actually  greater  than  tliat  obtained  by  experiments  with  the 
original  coal. 

The  whole  system  of  manufacturing  coke  is  at  present  very  im- 
perfect. Besides  losing  the  volatile  combustible  sub.stances,  whic'i 
under  new  adjustments  might  lie  made  of  much  value,  an  immense 
quantity  of  ammonia  is  lost  Iiy  being  thrown  into  the  atmosphere. 
Ammonia  and  its  salts  are  daily  becoming  more  valuable  to  agri- 
culture, and  it  is  their  comparative  high  price  alone  which 
prevents  their  universal  use  to  all  kinds  of  cereal  cultivation.  By 
a  construction  of  the  most  simple  kind,  the  coke  ovens  now  in  use 
might  be  made  to  economise  much  of  the  nitrogen  which  invariably 
escapes  in  the  form  of  ammonia.  As  an  inducement  to  this 
economy,  we  have  appended  to  Table  VI  two  columns  (H.  and  I.), 
showing  the  quantity  of  ammonia  (N  H.,),  and  its  corresponding 
quantity  of  commercial  sulphate  (N  H,  O,  SO,.),  which  each 
100  lb.  of  the  respective  coals  may  be  made  to  produce.  AVhen  it 
is  remembered,  that  the  price  of  sulphate  of  ammonia  is  about 
£13  per  ton,  or  that  100  tons  in  coking  is  capable  of  producing,  on 
an  average,  about  6  tons  of  this  salt,  its  neglect  is  highly  repre- 
hensible. 

By  the  preceding  data,  the  actual  value  of  the  coals  will  be  con- 
trasted with  that  which  is  theoretically  possible,  supposing  their 
combustion  proceeded  under  circumstances  which  prevented  any 
loss  of  heat.  The  actual  duty  obtained  by  a  pound  of  coal  from 
the  boiler  employed  may  be  easily  expressed  by  the  number  of 
pounds  raised  to  the  height  of  one  foot.  This  result  may  readily 
be  obtained  by  the  simple  formula — 

Wi)  X  965-7  X  782  =  x, 

W  representing  water,  of  which  ij  pounds  are  evaporated  by  a 
pound  of  coal.  This  formula  is  deduced  from  the  fact  that 
T?  pounds  of  water  multiplied  by  965-7,*  or  the  co-efficient  for  the 
latent  heat  of  steam  at  212\  indicates  the  number  of  pounds  of 
water  wliich  would  be  raised  1°  Fahrenheit ;  and  the  number  782 
arises  from  experiment  on  the  mechanical  force  denoted  by  the 
elevation  of  a  pound  of  water  1°  Fahrenheit;  that  force  being 
equal  to  712  lb.,  raised  to  the  height  of  one  foot,  according  to  the 
careful  experiments  of  M.  Joule,  on  the  friction  of  oil,  water, 
and  mercury. 

The  theoretical  value  of  the  coals,  with  reference  to  the  number 
of  pounds  of  water  which  one  pound  of  fuel  will  convert  into 
steam,  is  obtained  by  the  formula — 

/C203268\         /H  -  A  X  62470 \    _ 
V       965"^7      /  "^  V  965-7  j    -  ^ '' 

in  which  C  is  the  quantity  of  carbon,  H  the  quantity  of  hydrogen 
in  a  unit  of  fuel,  and  h  the  quantity  of  hydrogen  corresponding  to 
the  oxygen  contained  in  the  coal.  These  multiplied  by  their 
heating  powers,  according  to  the  results  of  Dulong,  and  divided 
by  the  latent  heat  of  steam,  indicate  the  number  of  pounds  of 
water  that  can  be  converted  into  the  latter  by  a  pound  of  coal. 
The  numbers  thus  obtained  can  be  changed  into  the  expression  of 
mechanical  force,  by  the  previous  formulae. 

The  result  of  these  calculations  are  thrown  into  Table  VI. 

The  best  Cornish  engines  are  stated  to  raise  1,000,000  lb.  to  the 
height  of  one  foot,  by  every  pound  of  coal  consumed  ;  so  that  only 
about  ij  of  the  artmit  force  generated  becomes  availaViIe,  or  only  -rr 
or  -f'j  of  the  force  theoretically  possible,  is  applied  in  practice. 
The  various  experiments  made  on  boilers,  with  regard  to  the  eva- 
j)orative  power  of  coal,  have  not  given  very  uniform  results. 
Smeaton,  in  1772,  with  one  pound  of  Newcastle  coal,  evaporated 
7-88  lb.  of  water  from  212^  ;  Watt,  in  1788,  came  to  the  conclusion 
that  8-62  lb.  of  water  might  be  evaporated  by  the  same  quantity  of 
coal;  and  later  (in  1810),  Wicksteed  found  tliat  1  lb.  of  Merthyr 
coal  could  be  made  to  evaporate  9-493  lb.  of  water  fi-om  80°,  which 
is  equal  to  10-746  lb.  from  212°.  In  some  experiments  made  on 
the  boiler  of  the  Loam's  engine,  at  the  United  mines,  in  Cornwall, 
each  pouiul  of  coal  was  found,  by  a  trial  of  si.x  months,  to  evapo- 
rate 10-29  lb.  of  water  from  212^,  this  being  the  reduction  of  the 
result  given,  viz.,  that  234,210  cubic  feet  of  water  at  120'  were 
evaporated  by  700  tons  of  coal.  Statements  have  indeed  been 
made  that  14  lb.  of  water  have  been  evaporated  by  1  lb.  of  coal 
burned  in  Cornish  boilers  ;  but  as  this  is  the  utmost  quantity 
theoretically  possible,  it  is  difficult  to  conceive  that  it  has  been 
realised  in  practice,  even  in  the  best-constructed  steam-engines. 

*  The  co-efficient  for  the  latent  heat  of  stMm  at  212°  Is  generally  taken  at  lOOO",  but 
the  above  number  in  frsm  tbe  recent  experiments  01  Kegnuult  on  this  subject,  as  glveu 
In  Table  1. 
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Tabi-e  VI. — Showini/  the  Actual  Duty,  and  that  which  is  theoretically 
possible,  of  the  Coals  examined. 
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A. 

B. 

C. 

D. 

E.     1       P.        1         G. 

H. 

I. 

Grai^ola     .. 

9-.-t5 

U-.-iOl 

ll-66'l 

1-903   13-663  7.0fi'i,908  10,242.471 

0-497 

1-932 

Anthracite 

9-46     12-.'i54 

11-563 

2-030  14-593  7,143,978  11,020,303 

0-225 

0-990 

Oldcastle  Fiery  Vein 

H-94 

10-601 

12-046 

2-890:14-936  6,751,285  11,279..329 

1-590 

6-176 

Ward's  Fiery  Vein 

9-40 

,. 

12-072 

2-542  jl4-6!4  7,098,667  11,0.16,162 

1-238 

4-808 

Blnea.. 

9-94 

11-660 

12-181 

2-912,15-093  7..506,4';3  11,397,892 

1-686 

6-741 

Uant^enneck 

8-86 

10-599 

11-741 

2-519 

14-260  6,690,871  10,768,829 

1-299 

5-044 

Pentrepotb    . . 

8-72 

10-873 

12-189 

2-649 

14-838  6.685,146  11,205,322 

0-218 

0-848 

Peotrefelin    .. 

6-36 

10-841 

11-749 

2-038 

1.-J-787  4,802.923  10,411,630 

Trace. 

Powell's  Duffryn 

10-149 

11-134 

12-126 

2-966 

15-092  7,664,295  11„397,I37 

1-76  ■ 

6-835 

Mynydd  Newydd 

9-52 

9-831 

ll-4";3 

3-441 

U-904  7,189,288  11,2.56,163 

1-808 

7-3  lO 

Tbree-  quarterRock 

8-84 

7-S81 

10-325 

2-781 

13-106  6.675,7"8    9,897,356 

1-299 

6-044 

Cwm  Ffood  Rock 

8-70 

8-628 

11-300 

3-488 

14-788  6,671,04)  11, l'-.7.663 

1-347 

6-232 

Cwm  Nanly-Gros 

8-42 

8-243 

10-767 

3-165 

13-932  6  368,.')93  10,521,131 

1-919 

7-448 

Resolven 

9-53 

10-234 

10-899 

3-072 

13-971  7,106.840  10,55i),,583 

1-676 

6-605 

Pontypool      .. 

7-47 

8-144 

11  088 

3-207 

14-295  6.641,175  10,796,2'.0  ■  1639 

6-364 

Bed  was 

9-79 

8-897 

11-075 

3-766 

14-841  7,.393,186  11,2m7,587 

1-748 

6-788 

Ebbw  Vala     . . 

10-21 

10-441 

12-33.5 

3-.100 

15-635  7.710.3S1  11.026,198 

2-622 

10-182 

Porthmawr  Kock 

7-53 

6-647 

10-.'63 

2-548 

12-811  6,6,-<6.4S5    9,674.577 

1.554 

6-033 

Coleshill 

8-0 

6-468 

10145 

2-654 

12-799  6,041,419    9,6-;6.515 

I  -786 

6-930 

l>olkeith  Jewel    .. 

7-08 

6-239 

10-242 

2-071 

12-313  6,346,665    9,298,499  !  1-214 

0-471 

I>alkeithCoronatioD 

7.71 

6-934 

10-570 

2-20.' 

12-772  6,822,417'  9,645,126  jTrace. 

Wallsend  Elgin 

8-46 

6-660 

10-454 

2-968 

13-422  6,.-)8S  800  10,136.991  |  1-712 

6-647 

Pordel  Splint 

7-56 

6-560 

10-933 

2-884 

13-817  6,709,141  10,434.286    l-,-!72 

6-.f27 

Urangemouth 

7-40 

7-292 

10-970 

2-722 

13-692  5,688.312  10,339,888  '  l-6:)9 

6-364 

Br'X)mhill      .. 

7-;i0 

7-711 

11-225 

3-6.-iS 

14-863  5,512,795  11,224.201    2234 

8-674 

Park  End,  Lydney 

8-62 

6-567 

10-101 

.1-1.56 

I;)-2.67  6,4:!4  111  10,011,.S86    14/7 

9-617 

Slievardagh  (Irish) 

9-85 

10-895 

10-995 

1-487 

12-482  7,4-J8,497,  9,4-J6,124    0-279 

1-084 

Formosa  Island 

., 

10-752 

2-801 

13-533 

10,234.919    0-777 

3-017 

Borneo  (Labuan) 

8-864 

l-,383 

ie-352 

,. 

7  742,078  ,  0-977 

3-771 

„       3  feet  seam 

7-461 

1-295 

8-7.56 

., 

6,612,3  iS  1  1-132 

4-620 

M    n     " 

., 

9-652 

1-948 

11-600 

8  760,057    0-813 

3-168 

Wylam's  Ft.  Fuel 

8-92 

8-378 

11-186 

3-146 

14-331 

6,736.182  10.822,447    2-040 

7-920 

Warlich's       .. 

10-36 

11-292  12-368 

3-596 

16-964  7,823  6.-i7  12.(1,56,662  Trace. 

Bell's 

8-53 

9-168 

^12-074 

3-343 

15-417 

,6,441,663 

^11,642,669 

0-983 

3-818 

*  Practical.  f  Theoretical.  t  Calculated  from  heat  obtained. 

To  ascertain  how  far  our  boiler  was  inferior  to  Cornish  boilers, 
as  principally  from  its  size  and  less  efficient  coating  it  was  likely 
to  prove,  we  requested  Mr.  Phillips  to  make  some  experiments  on 
one  of  the  best  engines  in  Cornwall.  It  was  found  by  these  e.^pe- 
riments,  that  11-42  lb.  of  water  were  evaporated  by  every  pound  of 
Welsh  coal  corresponding  in  composition  to  that  of  Mynydd 
Newydd  ;  or,  in  other  words,  that  improved  Cornish  boilers  on  a 
large  scale  may  be  assumed  to  have  a  superiority  of  nearly  20  per 
cent,  over  that  used  in  these  e.xperiments.  As  the  results  stated 
in  this  Report  are  only  relative,  the  comparison  is  not  affected  by 
this  difference. 

We  have  anxiously  looked  to  the  application  of  these  experi- 
ments to  the  different  varieties  of  patent  fuel,  but  we  have  not 
been  able  to  carry  our  observations  in  this  direction  to  the  extent 
we  could  have  desired,  from  our  inability  to  procure  patent  fuels 
in  sufficient  number,  although  our  applications  to  the  patentees 
have  been  numerous.  Three  varieties  have  been  already  examined, 
viz.,  those  manufactured  under  the  patents  of  Messrs.  Wylam, 
Warlich,  and  Bell,  and  the  results  are  given  in  the  tables.  The 
varieties  of  patent  fuel  are  generally  made  up  in  the  shape  of 
bricks,  and  are  therefore  well  adapted  for  stowage ;  so  that, 
though  the  specific  gravity  of  patent  fuels  is  lower  than  that  of 
ordinary  coals,  from  their  shape  and  mechanical  structure  there 
are  very  few  coals  which  could  be  stowed  in  a  smaller  space  per 
ton.  While  we  look  to  the  different  varieties  of  patent  fuel  as  of 
tlie  highest  importance,  and,  from  their  facility  of  stowage,  as 
being  peculiarly  adapted  for  naval  purposes,  and  perhaps  even 
destined  to  supersede  ordinary  coal,  at  the  same  time,  the  greater 
part  do  not  appear  to  be  manufactured  with  a  proper  regard  to  the 
conditiong  required  for  war  steamers.  It  is  usual  to  mix  bitumi- 
nous or  tarry  matter  with  bituminous  coal,  and  from  this  compound 
to  make  the  fuel.  An  assimilation  to  the  best  steam  coal  would 
indicate,  however,  the  very  reverse  process,  and  point  to  the  mixture 
of  a  more  anthracitic  coal  with  the  bituminous  cement.  As  the 
greater  part  is  at  present  made,  it  is  almost  impossible  to  prevent 
the  emission  of  dense  opaque  smoke,  a  circumstance  extremely  in- 
convenient to  ships  of  war,  as  betraying  their  position  at  a'  dis- 


tance at  times  when  it  is  desirable  to  conceal  it.  Besides  this  and 
other  inconveniences,  the  very  bituminous  varieties  are  not  well 
suited  to  hot  climates,  and  are  as  liable  to  spontaneous  combustion 
as  certain  kinds  of  coal.  To  avoid  these  inconveniences,  some 
kinds  of  patent  fuels  have  been  subjected  to  a  sort  of  coking,  and 
thus,  in  a  great  measure,  obtain  the  desired  conditions.  There  is 
little  doubt,  however,  that  notwithstanding  the  large  number  of 
patents  in  operation  for  the  manufacture  of  fuel,  its  value  for  the 
purposes  of  war  steamers  might  be  much  enhanced  by  its  prepa- 
ration being  specially  directed  to  this  object.  It  will  be  seen,  by 
reference  to  Table  II.,  that  the  tbree  patent  fuels  examined  rank 
among  the  highest  results  obtained.  Should  it  be  desirable  to 
continue  this  inquiry,  i(e  conceive  that  it  would  be  advantageous 
to  pay  special  attention  to  this  subject,  by  experimenting  upon 
proper  mixtures  of  different  coals.  Even  anthracite  may  be  in- 
troduced into  such  mixtures  with  advantage. 

It  is  of  much  importance  in  an  economical  inquiry  on  coals,  to 
obtain  exact  information  as  to  the  effects  likely  to  be  produced 
upon  them  by  stowage  and  continued  exposure  to  high  tempera- 
ture, not  only  as  regards  their  deterioration,  but  also  as  to  the 
emission  of  dangerous  gases  by  their  progres.sive  changes. 

The  retention  of  coal  in  iron  bunkers,  if  these  are  likely  to  be 
influenced  by  moisture,  and  especially  when  by  any  accident 
wetted  with  sea-water,  will  cause  a  speedy  corrosion  of  the  iron, 
with  a  rapidity  proportionate  to  its  more  or  less  efficient  protection 
from  corroding  influences.  This  corrosion  seems  due  to  the  action 
of  carbon  or  coal  forming  with  the  iron  a  voltaic  couple,  and  thus 
promoting  oxidation.  The  action  is  similar  to  that  of  the 
tubercular  concretions  which  appear  on  the  inside  of  iron  water- 
pipes,  when  a  piece  of  carbon,  not  chemically  combined  with  the 
metal,  and  in  contact  with  saline  waters,  produces  a  speedy  corro- 
sion. Where  the  "  make"  of  iron  shows  it  to  be  liable  to  be  thus 
corroded,  a  mechanical  protection  is  generally  found  sufficient. 
This  is  sometimes  given  by  Roman  cement,  by  a  lining  of  wood,  or 
by  a  drj'ing  oil  driven  into  the  pores  of  the  iron  under  grent 
pressure. 

Recent  researches  on  the  gases  evolved  from  coal,  prove  that 
carbonic  acid  and  nitrogen  are  constantly  mixed  with  the  inflam- 
mable portion,  showing  that  the  coal  must  stiU  be  uniting  with 
the  oxygen  of  the  atmosphere,  and  entering  into  further  decay. 

Decay  is  merely  a  combustion  proceeding  without  flame,  and  is 
always  attended  with  the  production  of  heat.  The  gas  evolved 
during  the  progress  of  decay,  in  free  air,  consists  principally  of 
carbonic  acid,  a  g.is  very  injurious  to  animal  life.  It  is  well  known 
that  this  change  in  coal  proceeds  more  rapidly  at  an  elevated  tem- 
perature, and  therefore  is  liable  to  take  place  in  hot  climates. 
Dryness  is  unfavourable  to  the  change,  while  moisture  causes  it  to 
proceed  with  rapidity.  M'hen  sulphur  or  iron  pyrites  (a  compound 
of  sulphur  and  iron)  is  present  in  considerable  quantity  in  a  coal 
still  changing  under  the  action  of  the  atmosphere,  a  second 
powerful  heating  cause  is  introduced,  and  both  acting  together, 
may  produce  what  is  termed  spontaneous  combustion.  The  latter 
cause  is  in  itself  sufficient,  if  there  be  an  unusual  proportion  of 
sulphur  or  iron  pyrites  present. 

The  best  method  of  prevention,  in  all  such  cases,  is  to  ensure 
perfect  dryness  in  the  coals  when  they  are  stowed  away,  and  to 
select  a  variety  of  fuel  not  liable  to  the  progressive  decomposition 
to  which  allusion  has  been  made.  This  is,  however,  a  subject  of  so 
much  importance  to  the  steam  navy,  that  it  continues  to  receive 
our  careful  attention  ;  and,  beyond  these  general  recommendations, 
it  would  be  premature  to  offer  any  decided  course  for  adoption, 
from  the  present  limited  series  of  observations. 

Several  varieties  of  coal  were  transmitted  from  Formosa  and 
from  Borneo,  for  analysis,  the  results  of  which  are  contained  in 
the  accompanying  table.  The  quantity  of  each  kind  was  so  small, 
that  no  experiments  could  be  made  on  their  evaporative  value. 
We  extract  from  the  preceding  table  the  following  results  : — 


Name. 

Carbon. 

Hydro- 
gen. 

Nitro- 
gen. 

Sulphur. 

Oxygen. 

Ashes.    Specific 
Gravity. 

Forniosa  Island 

Borneo,  Labuan  kind 
„    3  feet  seam 
„  11    feet  seam 

78-26 
64  62 
54-31 
70-33 

8-70 
4-74 
503 
5-41 

0  64 
0-80 
0-98 
0  67 

0-49 
145 
114 
1-17 

10  95 
20-75 
24-?2 
1919 

3-96 
7-74 
14-32 
3-23 

1-ai 

128 
1-37 
121 
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THE  HOUSES  OF  PARLIAMENT. 

That  so  important  an  pdifioe  and  national  work  as  the  "  Houses" 
should  be  a  frequent  sul>jeot  of  discussion,  both  in  parHamentary 
debate  and  out-of-door  criticism, is  onlynatural, especially  as  opin- 
ion is  divided,  some  speaking  in  terms  of  unijualified  admiration, 
while  otliers  see  much  cause  for  dissatisfaction,  and  express  it  accord- 
intfly;  and  some  of  the  rudest  critics  of  all  whom  Mr.  Harry  and  his 
buihling'  have  had  to  encounter,  are  amongj  tlie  mendiers  of  the 
"  House"  itself — to  wit,  Messrs.  Urquhart,  Osborne,  and  Hume,  and 
Sir  D.  Norreys,  whose  unfavourable  opinions  gain  formidableness 
because  they  go  forth  to  every  nook  in  the  kingdom  wliere  a  news- 
paper finds  its  way.  Last  month  we  spoke  of  an  articde  on  the 
"  Houses  of  Parliament,"  which  had  just  before  appeared  in  the 
"  Westminster  Review" — and  which,  by-the-by,  is  now  known  to 
proceed  from  the  pen  of  Earl  Lovelace;  and  in  the  interval  another 
has  appeared  in  the  ''  Meclianic'.i  Magazine"  of  similar  tendency. 
A\^hether  this  latter  will  call  forth  any  remonstrance  against  it 
from  the  "  Builder"  remains  to  be  seen ;  for  at  tlie  present  time 
of  our  writing,  opportunity  for  reply  to  it  has  not  arrived.  The 
"  Magazine"  takes  up  the  "  Bailder"  pretty  sharply  upon  two 
points.  The  first  of  them  is  the  attempt  on  the  part  of  tlie  last- 
mentioned  publicati(ui  to  set  aside  Lord  Lovelace's  objections  to 
the  position  of  the  Victoria  Tower  at  a  corner,  and  the  most  remote 
corner,  of  the  building,  by  remarking  that  such  position  for  it 
was  dictated  by  the  plan  adopted  by  Mr.  Barry  ;  whereupon  the 
"  Magazine"  is  somewhat  sarcastic,  and  to  say  the  truth,  Mr.  Barry 
lias  no  cause  to  feel  particularly  grateful  towards  a  defender  M-ho 
exculpates  him,  by  removing  the  fault  from  him  and  throwing  it 
upon — his  design  :  as  if  defects  of  arrangement  were  to  be  attri- 
buted to  the  plan  itself,  and  not  to  the  architect.  If  the  internal 
arrangement  which  first  presented  itself  to  the  architect  occasioned 
what  is  an  incongruity  in  the  exterior,  the  very  natural  question 
is  :  Why  did  he  not,  instead  of  adopting  it,  deviate  from  it  so  as  to 
bring  in  the  Royal  entrance  porch  in  some  less  o1)jectionable 
situation  ? — and  objectionable  it  seems  to  be,  for  even  his  champion, 
as  the  "  Mechanic's  Magazine"  calls  the  '■^Builder"  does  not  pre- 
tend to  say  that  it  is  not  so,  but  merely  that  it  is  to  be  excused 
by  being  attributed  to — the  plan  ! 

The  second  point  upon  which  the  ^^  Mechanic's  3Iagazine"  is 
rather  strong  and  severe  with  the  "  Builder"  is  the  unguarded 
.  iissertion  that,  although  it  is  so  now,  it  does  not  follow  that  the 
Victoria  Tower  will  always  be  at  the  extreme  corner  of  the  edifice. 
The  actual  possibility  of  extending  the  buildings  and  cariying  them 
on  farther  southward,  by  pulling  down  the  houses  on  the  east  side 
of  Abingdon-street  as  far  as  might  be  required,  is  not  to  be  disputed. 
The  probability  is  a  very  different  matter, — more  than  can  now  be 
foreseen,  and  is,  besides,  what  Mr.  Barry  himself  neither  does  nor 
ever  has  contemplated ;  tlie  Victoria  Tower  being  the  conclusion 
^nd  finis  of  his  plan,  southwards.  As  the  ^^  Mechanic's  Magazine" 
remarks,  the  south-west  is  now  finished,  at  least  in  its  lower  part, 
so  as  to  render  it  impossible  to  prolong  the  building,  and  thereby 
remove  that  Tower  from  its  position  as  an  extreme  point  in  it. 
Done  it  could  be,  but  only  by  undoing  what  is  equallj'  beautiful 
and  costly — namely,  the  south  side  of  tlie  Royal  porch,  which  would 
have  to  be  blocked-up  and  built  up  against. 

The  Royal  entrance  is  now  fixed  beyond  the  possibility  of  change 
for  it.  Yet,  it  is  not  even  now  too  late  to  re-consider  some  other 
points  in  the  design.  For  instance,  although  tlie  position  of  that 
important  enti-ance  may  be  justified  by  necessities  of  internal 
arrangement,  and  although  it  is  very  properly  made  a  striking 
feature  in  the  design,  the  necessity  for  erecting  over  it  a  tower  of 
^■ery  unusual  magnitude,  and  thereby  proclaiming  afar  oif  the 
"  eccentricity,"  as  the  "  Mechanic's  Magazine"  terms  it,  of  that 
pordi,  is  not  at  all  apparent ;  more  especially,  as  that  lofty  super- 
structure will  be  more  for  sight  than  for  any  real  ser\'ice.  We 
incline,  therefore,  to  the  opinion  of  the  "  Athenreum,"  that  it  would 
he  more  adviseable  now  to  abandon  the  idea  of  that  ambitious 
Tower,  and  terminate  the  Porch  a  little  above  its  present  heiglit. 
Either  some  curtailment,  we  fancy,  of  Mr.  Barry's  plans  must  take 
place,  or  the  ultimate  completion  of  them  must  not  be  looked  for 
by  the  jiresent  generation. 

Could  the  Tower  in  question  have  been  introduced  in  the  centre 
of  the  general  plan,  it  would  have  given  not  only  jiyraniidal  group- 
ing to  the  whole  jiile,  but  liarmonious  contrast  in  its  lines  to  the 
composition.  Marked  verticality  of  lines  in  such  an  imposing 
feature,  so  placed,  would  have  been  opposed  to  horizontality  of  lines 
in  the  principal  front.  The  lofty  upright  mass  and  the  liorizontally- 
extended  facade  would  liave  balanced  each  other,  and  mutually  set 
each  other  off.  Other  towers  there  now  will  be,  rising  up  behind 
the  river-front ;  but  how  far  they  will  agi-ee  with  it,  and  with  the 


larger  tower  also,  is  doubtful.  If  we  mistake  not,  they  are  intended 
to  be  tapering  and  spiry  in  outline — consequently  of  quite  a  different 
character  from  the  cimipact  solidity  which  marks  the  Victoria  one; 
tlierefore  somewhat  at  variance  with  tlie  character  of  the  front 
also.  At  least,  there  is  reason  for  appreliending  that  the  arrange- 
ment of  the  several  towers  will  appear  very  irregular,  if  not  con- 
fused, and  occasion  an  unpleasant  discord  with  the  studied 
regularity  and  uniformity  of  the  principal  front — principal  at  least 
in  extent,  though  both  its  situation  and  its  aspect  render  it  in 
some  degree  a  merely  secondary  one.  If  there  must  be  a  tower 
that  shall,  by  its  superior  bulk,  greatly  predominate  over  all  the 
others,  it  surely  ought  to  show  itself  in  some  central  situation, — 
central  as  regards  one  of  the  fronts,  if  not  central  as  regards  the 
entire  plan  ;  otherwise,  it  will  appear  to  have  been  left  to  chance 
to  determine  and  "  dictate"  tlie  respective  situations  of  those 
features,  instead  of  their  being  arranged  with  some  regard  to  that 
symmetry  which  is  observed  in  the  main,  as  far  as  it  was  possible 
to  do,  and  which  at  present  stamps  the  whole  of  the  east  side  of  the 
edifice. 

It  will  perhaps  be  said  that  the  position  of  the  A'^ictoria  Tower 
was  known  from  the  very  first :  it  has  been  shown  again  and  again 
in  the  various  engravings  and  cuts  innumerable,  copied  or  made  up 
from  the  view  of  the  future  building  given  by  the  architect  himself ; 
its  grandeur  has  been  admired,  without  exception  being  taken  at  its 
situation.  Yet,  though  no  objection  has  been  made  all  along,  now 
conies  Earl  Lovelace  with  a  very  strong  protest  against  that  Tower. 
Wherefore  was  his  Lordship  so  tardy  with  his  remonstrances .''  or 
how  happens  it  that  no  one  else  could  perceive,  or  perceiving,  cared 
to  object  to  what  is  now  alleged  to  be  a  most  serious  defect  in  the 
general  design  ?  The  position  of  the  Tower  could  hardly  have 
been  overlooked  by,  or  indeed  have  failed  to  strike,  the  most  care- 
less observer  who  glanced  at  any  of  the  published  views.  Very 
true;  but  merely  seeing  with  the  eyes,  is  quite  a  different  matter 
from  seeing  with  artistic  vision.  It  is  not  every  one  who  can  see, 
in  the  latter  sense  of  the  word,  what  is  actually  before  their  eyes. 
Many,  again,  don't  care  to  see,  ei'en  if  they  can  do  so.  Others, 
though  they  may  be  somewhat  dim-sighted,  have  very  convenient 
spectacles  of  criticism  through  which  they  gaze,  and  perceive  either 
only  all  beauty  or  all  deformity — either  transcendant  excellence, 
or  ridiculous  monstrosity. 

The  many,  who  have  no  opinion  of  their  own,  are  overawed  by 
this  kind  of  dictatorial,  one-sided  stuff  which  calls  itself  criticism, 
and  is  presented  to  them  in  the  imposing  form  of  type  and  printed 
paper.  While  those  who  are  capable  of  judging  for  themselves  either 
do  not  care  to  raise  a  dissentient  voice  amidst  the  general  hubbub  of 
applause,  or  condemnation,  as  the  case  may  be  ;  or  else  have  not 
the  opportunity  of  doing  so.  With  respect  to  the  '■  Houses,"  both 
the  "  Westminster  Review"  and  the  "  Mechanic's  Magazine"  have 
ventured  to  dissent  from  the  acclamations  of  praise  bestowed 
upon  them  in  other  quarters.  It  must  be  allowed  that  both  those 
articles  dwell  almost  exclusively  upon  defects,  or  what  their  writers 
consider  such  :  yet  surely  there  is  nothing  jiarticularly  strange  in 
that,  the  object  of  both  being  to  open  people's  eyes  to  many  cir- 
cumstances that  have  all  along  been  kept  out  of  sight.  If  to  point 
out  only  faults  and  objections  be  invidious,  by  the  same  rule,  to 
pass  them  entirely  over,  and  point  out  only  merits  and  beauties 
— would  tliat  all  of  them  were  \rhere  they  could  be  seen  ! — may  be 
called  sycophantic :  so  that  between  the  two  we  may  arrive  at  a 
tolerably  correct  and  sober  judgment. 


BOROUGH  OF  LIVERPOOL. 

Report  to  the  Health  Committee  of  the  Borough  of  Liverpool,  on 
the  Sewerage  and  other  works  under  the  Sanitarg  Act,  by  the  Borough 
Engineer,  (James  Newlands.) 

The  facts  detailed  in  the  Report  of  the  engineer  of  the  Liverpool 
corporation  afford  a  strong  commentary  on  the  claims  of  the  mili- 
tary engineers.  We  have  heard  a  great  deal  about  the  irresponsi- 
bility of  the  Associated  Surveyors,  and  the  superior  responsibility 
and  guarantee  of  the  military  engineers  ;  and  Mr.  Chadwick  rests 
the  defence  of  his  job  on  this  plea.  We  have  always  held  the 
contrary  view,  from  our  experience  of  the  two  classes,  and  this 
Liverpool  affair  comes  in  confirmation.  The  fact  is,  the  military 
engineers  are  virtually  irresponsible — they  cannot  be  made  to  per- 
form their  woi-k  properly  or  punctually;  while  the  civil  engineer, 
at  Liverpool  for  instance,  is  responsible  in  his  professional  charac- 
ter and  capacity,  and  liable  to  be  dismissed  by  his  employer  if  he 
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do  not  give  satisfaction.  From  the  misconduct  of  the  Ordnance 
functionaries,  the  corporation  of  Liverpool  are  put  to  the  trouble, 
expense,  and  delay  of  a  second  survey — and,  to  make  it  worse,  they 
have  no  remedy.  Whetlier  the  metropolitan  survey  will  turn  out 
better  we  have  our  doubts :  but  it  remains  to  be  seen.  At  all  events, 
the  Treasury  will  have  to  make  good  any  short-comings  of  the 
Ordnance  surveyors. 

If  the  Ordnance  have  been  unable  to  do  their  work  properly  and 
in  time  at  Liverpool,  what  security  have  we  against  delay  in  the 
general  and  metropolitan  surveys .-"  To  the  great  disgrace  of 
the  government,  engineers  have  long  had  to  use  the  northern 
sheets  of  Mr.  C'ary's  survey  ;  and  now  this  dilatory  body,  having 
proved  itself  incompetent  in  its  past  duties,  is  to  have  more  thrust 
upon  it.  Why  do  not  the  Associated  Surveyors  get  Mr.  Wyld  to 
move  for  a  parliamentary  committee  of  inquiry  into  the  general 
management  of  the  surveys  carried  on  by  the  Ordnance  ? 

This  Report  is  a  sufficient  specimen  to  show  that  civil  engineers 
are  not  incompetent  for  sanitary  duties,  and  we  hope  it  will  not  be 
forgotten,  for  doubtless  Mr.  Chadwick  will  next  propose  that 
mUitary  engineers  should  be  chosen  to  lay  down  the  lines  of  drain- 
age, and  carry  out  the  details  under  the  "  Health  of  Towns"  Act. 

The  Report  may  be  divided  into  the  following  parts  : — 

Sewage  and  drainage,  what  are  the  necessary  conditions  to  pro- 
duce a  perfect  system. 

Description  of  the  borough  of  Liverpool  in  relation  to  the  river 
Mersey  and  the  docks — the  effects  of  discharging  the  sewage  into 
the  docks  and  river. 

Schemes  for  constructing  a  new  sewage. 

Lists  of  all  the  existing  sewers,  showing  their  size  and  length — of 
new  sewers  required. 

Estimates  for  forming  the  new  system  of  sewage. 

On  the  a])plication  of  the  sewage  water  for  fertilizing  the  soil. 

On  the  form  and  size  of  sewers  and  drains.  From  this  part  of  the 
report  we  make  the  following  e.xtracts  : — 

Sewers  and  Drains. — The  proper  size  and  forms  of  sewers  and  drains  is  a 
Eubject  which  of  late  has  excited  much  controversy.  In  so  far  as  the  honse 
drainage  is  concerned,  the  question  lies  within  narrow  limits;  for  if  all  the 
liquid  refuse  of  a  house  passes  through  a  soil-pipe  of  2^5  or  3  inches  diameter, 
there  is  surely  no  need  of  the  drain  which  receives  it  being  made  much 
larger.  ]f  more  than  one  pipe  enters  a  drain,  the  question  is  still  a  simple 
one;  and  although,  by  calculation,  the  corresponding  increase  of  capacity 
for  every  adilitional  pipe  which  enters  the  drain  could  be  readily  determined, 
practice  will  hardly  admit  of  the  refinement  which  would  so  nicely  adjust 
the  increments ;  and  it  Is  easy  so  to  proportion  the  drain  pipe  in  each  case 
with  the  materials  in  practice  at  our  disposal,  that  it  shall  be  no  larger  than 
the  quantity  of  water  avadable  under  the  particular  circumstances  of  the 
case  shall  thoroughly  flash.  Pipes  of  from  three  to  sis  inches  internal  dia- 
meter, are  amply  sufBcient  for  service  drains,  as  one  of  &ix  inches,  with  a  fall 
at  the  rate  of  one  in  forty  will,  according  to  the  ordinary  formula,  discharge, 
in  half-a-minute,  as  much  water  as  is  due  to  a  family  of  six  indiTiduals  for  a 
whole  day,  even  on  the  liberal  scale  of  five  cubic  feet  per  head. 


a,  Carriage  Pavement ;     i,  Channel  Stone;     c,  Curli ;     </,  Foot-Paving; 
e,  Coal-Vault  Shoot  ;    /,  Gas-Pipe  ;    ji,  Water-Pipe;     A,  Sewer; 
i.  Syphon  Trap;     j,  Tube;      k,  Coal-Vault. 

The  drains  of  streets  should,  in  my  opinion,  be  double  in  all  the  streets 
above  twelve  yards  wide  ;  and  in  such  cases  I  would  construct  them  in  the 


bottom  of  the  side  trenches  for  the  water  and  gas  pipes,  as  shown  in  the 
annexed  engraving.  By  this  arrangement  are  insured  diminished  capacity 
and  direct  communication,  and  the  other  advantages  connected  with  the 
paving,  elsewhere  insisted  on.  The  first  cost  of  the  double  sewer  is  nearly 
balanced  by  the  saving  in  the  service  drains ;  and  in  regard  to  the  paving,  it 
is  impossible  sufficiently  to  estimate  the  saving,  if,  in  connection  wilb  these 
side  trenches,  the  more  durable  manner  of  paving  recommended  be  intro- 
duced. The  sewer  proposed  to  be  used  in  this  case  consists  of  a  semi-oval 
nuderpart,  formed  of  stone  ware,  or  some  of  the  other  materials  which  will 
afterwards  be  noticed,  and  a  semicircular  cover,  as  shown  in  the  above 
engraving.  The  joinings  I  propose  to  form  with  the  pitch  of  coal-tar,  in 
rather  a  soft  state  ;  and  when  any  part  of  the  drain  requires  to  be  in- 
spected, a  hot  iron  or  a  little  blazing  straw  will  soften  the  cement  so  much 
as  to  admit  of  the  cover  being  removed.  Service  drains  are  connected 
with  the  side  drains  by  means  of  sockets  formed  in  the  latter. 

The  report  proceeds  to  denote  the  different  forms  of  sewers  and 
their  connections,  which  are  something  similar  to  those  described 
in  the  Journal  for  March  last,  p.  77.  It  then  gives  the  area  of  land 
drained  into  each  of  the  main  sewers. 

From  observations  made  while  Beacon's  Gutter  sewer  (6ft  .  by  4  ft.  6  in.) 
was  opened  at  its  outlet,  for  the  admission  of  the  new  sewer  in  Great  How- 
ard-street, it  was  found  that  the  water  was  only  20J  inches  deep,  after 
twelve  hours  of  heavy  rain. 

The  extent  of  drainage  into  that  sewer  is  983-3  acres ;  of  which  about 
one-fourth  is  built,  and  three-fourtbs  unbuilt.  Now,  by  the  formula  most 
approved,  the  diameter  of  sewer  necessary  for  this  drainage,  with  the  given 
fall,  would  be  ten  feet,  while  the  actual  diameter  of  the  sewer  at  its  largest 
part  is  only  4  ft.  6  in.,  and  the  depth  of  water  in  it  was  somewhat  less  than 
a  third  of  its  longest  axis,  even  after  the  continuance  of  heavy  rain  for 
twelve  hours,  when  it  may  be  reasonably  supposed  the  whole  earth  would  be 
saturated,  and  every  drop  of  rain  would  flow  into  the  sewer.  AH  calcula- 
tions for  the  capacity  of  sewers  proceed  on  the  assumption,  that  it  is  neces- 
sary to  provide  for  the  contingency  of  a  rain  flood,  estimated  at  the  enor- 
mous fall  of  five-eighths  of  an  inch  in  half-an-hour.  Now,  that  such  a  flood 
may  occur  is  possible  ;  but  it  would  be  easy  to  show,  that  if  it  did  occur,  it 
could  not  get  into  the  sewer,  and  therefore  there  is  no  necessity  to  make 
provision  for  it ;  and  it  requires  merely  a  glance  at  the  streets  of  a  town 
built  on  sloping  ground  like  Liverpool,  during  even  a  moderately  heavy  rain, 
to  be  convinced,  that  a  great  part  of  the  rain  drains  directly  by  the  surface 
of  the  street  into  the  river,  and  never  enters  the  sewers.  As  all  formulre 
then,  are  founded  on  imperfect  experiments,  and  give  results  so  far  above 
what  experience  shows  to  he  necessary,  they  are  obviously  uncertain  guides, 
and  it  is  belter  to  trust  to  the  observations  of  what  actually  takes  place. 
This,  in  fact,  is  experimenting  on  the  largest  and  most  proper  scale. 

The  Report  afterwards  makes  some  observations  on  surface  drain- 
age and  paving.  If  the  streets  of  a  town  he  unevenly  paved,  putrid 
exhalations  will  constantly  arise.  A  smooth,  non-absorbent,  hard 
surface,  without  hollows  or  joints,  is  what  health  demands.  Mac- 
adamised streets  are  the  worst :  the  absorbent  material  soaks  up  the 
liquid  filth,  v^hich,  putrifying,  sends  its  noxious  exhalations  into  the 
atmosphere ;  and  the  road  wears  fast  under  great  traffic — in  wet 
weather  it  is  covered  with  mud,  and  in  dry  weather  the  air  is  loaded 
with  dust.  It  is  the  most  expensive  to  keep  in  repair,  and  costs 
four  times  as  much  to  cleanse  as  a  paved  road.  Boulder  paving  is 
the  next  lowest  in  the  scale  of  roads.  Streets  formed  witli  stones 
dressed  in  regular  courses  are  the  best :  where  the  road  is  steep  the 
courses  should  be  of  stone  3  inches  wide,  with  joints  l|  inch 
wide,  filled  up  with  cementitious  substance,  impervious  to  water. 
In  streets  less  steep,  the  stones  may  be  increased  and  the  joints 
decreased.  On  a  level,  the  stones  may  be  increased  to  5  inches  in 
vi'idth. 

To  insure  stability,  the  courses  should  be  made  nearly  wedge-form.  They 
should  be  in  contact  at  their  base  and  for  about  one-third  of  their  height, 
and  the  width  of  the  joint  should  be  obtained  by  diminishing  the  width  of 
the  upper  surface  of  the  courses.  The  joints  should  be  rammed  hard  wllh 
macadam  or  clean  shingle,  and  then  filled  with  a  coarse  kind  of  asphalte, 
composed  of  the  jiitch  of  gas-tar  and  small  gravel.  The  joint  should  not  be 
filled  quite  flush  v»ith  the  surface  of  the  stones,  but  left  slightly  hollow,  as  in 
the  figure  (a).  If  the  expense  of  the  asphalte  be  objected  to,  lime  grout  may 
be  used  to  fill  the  joints.  The  lime  should,  for  this  purpose,  be  such  as 
will  set  under  water. 

For  the  foot-pavement,  Caithness  stone,  l|  inch  thick,  with 
sawn  joints,  is  recommended  in  preference  to  Yorkshire  stone  3 
inches  thick. 

A  good  foundation  to  a  road  is  no  less  essential  than  a  good  surface ; 
hardness  in  the  latter  cannot  be  insured  without  firmness  in  the  former. 
Softness  or  elasticity  in  a  foundation  will  permit  the  surface  to  yield  under 
the  wheels  of  a  carriage.  The  rise  and  fall  forms  a  new  obstacle  to  be  over- 
come, and  causes  an  increased  amount  of  friction  to  be  opposed  to  the 
moving  power.  Besides,  by  the  sinking  of  the  paving  material,  the  soft 
earth  is  forced  up  between  the  stones,  and  covers  the  road  with  mud.  It  is 
worth   while,  then,  to  be  at  a  little  extra  cost  in  the  preparation  of  the 
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fouiiJation,  wlien  so  much  depends  upon  it ;  and  I  think  the  following  plan 
the  best  adapted  to  secure  perfect  firmness.  A  level  bed  is  prepared  for  the 
laaterials,  and  on  this  a  paven\ent  of  common  soft  rock  is  laid  by  hand.  The 
deepest  stones  are  used  for  the  centre,  and  the  size  is  diminished  towards 
the  side,  so  as  to  brini;  the  top  line  nearly  to  the  intended  transverse  section 
of  the  road.  The  stones  are  all  laid  on  their  broadest  edges  lengthways 
across  the  road,  and  the  thickness  of  the  upper  edp;e  should  not  exceed  four 
inches.  When  the  setting  is  completed,  the  irregnlariiies  are  broken  off  by 
hammers,  and  the  interstices  filled  in  vpith  the  chips.  On  the  foundation  so 
prepared,  a  three-inch  stratum  of  small  broken  stones  is  to  be  laid,  and  on 
this,  where  the  case  will  afford  it,  a  coating  of  clean  gravel  should  be  spread, 
and  the  whole  rolled  with  a  heavy  roller  until  consolidated,  when  it  is  in  a 
condition  to  receive  the  covering  of  paving  stones.  The  under  pavement 
would  be  still  farther  improved  by  running  the  joints  with  good  lime  grout 
before  laying  on  the  ballasting;  anil  in  the  case  of  macadam  roads,  the  pre- 
vious ballasting  is  not  required,  the  macadam  being  laid  directly  on  the 
pavement. 

The  objection  to  a  street  formed  and  paved  in  a  manner  so  permanent 
as  that  described,  is,  that  it  requires  to  be  frequently  broken  up  for  laying  or 
repairing  water  and  gas  pipes  and  making  branch  sewers,  and  cannot  he 
reinstated  in  so  perfect  a  manner.  But  water  and  gas  pipes  should  not  be 
laid  in  the  carriage  way,  hut  in  trenches  formed  along  the  sides  of  the 
streets,  as  shown  in  the  foregoing  engraving,  and  the  sewers  should  he  double 
and  laid  in  the  bottom  of  these  trenches.  The  advantages  of  this  mode  of 
forming  streets  I  have  before  pointed  out,  and  shall  now  merely  exhibit  a 
statement  of  the  comparative  cost  of  the  two  modes.  The  calculation  is 
made  for  a  street  fifteen  yards  wide,  and  the  actual  cost  of  both  modes  is 
given  : — 

Estimated  cost  of  side-trencties  for  gas  and  water  pipes,  and  seiaers. 

fi  Va^tlg  Brickwork,  in  one  lineal  yard,  at  33.  (jd.  per  yard  superficial  ,.£110 

1(1  Vards  Bricliivork        do.              do.     at33.  Od.          „            cube  ..        10    0 

Cust  I^on  Bearers      do.              do.     at.^s.  <>i.          „              ..  ..        0    H    6 

Side  Eutrances  (every  4'i  yards)           at  Is.  6 J.         „             ..  ..016 


Total, 


^2    8    0 


Eitimated  saving  in  the  cost  of  laying  down  gas  and  water  pipes,  and 
excavating  fur  sewers  by  using  side-trenches. 


In  the  Lineal  Yard. 
Main  Sewer,  10  yards  excav^itiag,  say  one-half,  at  la.  Od. 
Gas  Pipes  do.  2s.  3d.  . 

Wul»r  Pipes  do.  2i.  3d.  , 

House  Drains  do.        and  Pipes  Us.  Od,  . 

Branch  Pipes  {Gas  and  Water)  do.  23.  6d.  . 


j^O  10  0 

0    3  3 

0     3  3 

0    9  0 

0     2  6      rfl     8     0 


The  diSerence  of  expense 


ie\   0   0 


The  excess  of  the  cost  of  the  trenches  is  £\  per  lineal  yard  of  street ;  but 
to  counterbalance  that  cost,  there  is  the  saving  in  keeping  the  street  in  repair 
and  cleansing  it — the  convenience  and  the  non-interruption  of  the  traffic — 
and  to  these  it  is  impossible,  in  the  present  state  of  information,  to  assign  a 
money  value. 

For  cleansing  streets,  the  Report  recommends  washing  them  with 
water,  and  carrying  the  slush  off  by  the  sewers,  instead  of  carting 
the  sweepings ;  by  which  means  an  enormous  saving  will  be  effected. 

The  water  channels  ought  to  be  formed  with  smooth-faced  stones 
10  inches  wide  and  6  inches  deep,  and  from  2  to  4  feet  long,  laid  to 
the  general  curved  line  of  the  cross-section  of  the  street,  which 
can  be  laid  at  6s.  6d,  the  superficial  yard. — (iS'ee  6  in  the  engraving 
on  previous  page.) 

(r'aWy- Graces  should  all  be  trapped,  and  the  grating-bars  either  be  so 
close  as  not  to  admit  stones  and  other  matters  which  might  impede  the  flow 
of  water  in  the  drains,  or  the  longitudinal  openings  may  be  crossed  under- 
neath by  small  wires,  forming,  with  the  bars,  a  series  of  reticulations,  which 
will  prevent  the  passing  of  any  large  substance.  The  kind  of  trap  which 
experience  proves  to  be  efficient  is  alluded  to  in  the  next  paragraph. 

All  traps  which  depend  on  the  agency  of  water,  are  lialde  to  get  out  of 
repair,  and  require  care  and  attention  to  maintaiu  their  efficiency.  For  if 
the  water  be  allowed  to  dry  up,  the  gases  have  free  passage  ;  and  if  it  be 
allowed  to  remain  long  in  the  trap  without  being  changed,  it  becomes  im- 
pregnated with  the  gases,  and  yields  them  again  to  the  air :  constant  change 
of  the  water  is  thus  essential  to  the  perfect  action  of  such  traps.  The  forms 
of  water  traps  are  very  numerous  ;  but  probably  the  most  simple  and  efficient 
for  house  drains,  when  the  drain  pipe  is  not  too  large,  and  the  supply  of 
water  abundant,  is  the  plumber's  trap,  which  is  a  pipe  bent  to  the  sigmoid 
curve,  as  in  fig.  5. 

Where  the  quantity  of  water  passing  through  a  pipe  is  very  small,  and 
yet  the  pipe  requires  to  be  large  enough  for  an  occasionally-increased  dis- 
charge, some  trap,  which  can  be  opened  to  admit  of  any  deposit  being 
cleaned  out,  is  probably  to  be  preferred,  and  I  have  hitherto  used  the  one 
represented  at  g,  fig.  4.  This  is  merely  a  modification  of  the  former,  and 
answers  well.  It  is  made  of  earthenware.  Wliere  the  fall  of  a  sewer  is  not 
great,  and  the  house  drains  are  apt  to  be  filled  with  back-water,  the  flap 
Talve  is  the  most  effectual  preventive  which  1  have  tried.  It  answers  ad- 
mirably for  keeping  out  back-water,  and  fits  so  tightly  that  no  gas  can  escape. 
These  valves  can  now  be  had  made  entirely  of  earthenware.    The  gully 
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grates  should  have  no  water  traps,  but  in  their  place  should  have  flap  valves 
of  the  same  kiuil  as  the  house  drains.  Figs.  6  and  7  sliow  the  liind  of 
gully  grate  and  valve  used.  The  grate,  it  will  be  seen,  is  vertical,  the  face 
of  it  being  in  the  same  place  as  the  face  of  the  curb,  and  the  top  of  it  form- 
ing a  portion  of  the  curb  ;  the  flap  hangs  vertically,  and  acts  so  promptly, 
that  the  smallest  quantity  of  water  opens  it.  This  form  of  vertical  gully 
grate  answers  very  well  for  streets  which  have  not  a  great  fall ;  but  where 
the  fall  is  great,  the  water  would  shoot  past  them  without  entering.  I  have 
prepared  drawings  for  a  gully  grate,  valved  on  the  same  principle,  to  suit 
steep  streets  where  new  gullies  are  required  ;  but  to  existing  gullies  I  propose 
to  apply  the  valve,  in  the  simple  manner  explained  by  the  drawings.  Fig.  9 
shows  a  proposed  alteration  in  a  gully  grate,  which  is  removed  to  a  short 
distance  from  its  original  site,  and  a  length  of  pipe  with  a  flap  attached 
connects  the  new  opening  with  the  former  cesspool,  which  is  bricked  up 
until  its  bottom  forms  a  continuation  of  the  drain  ;  this  I  have  used  in  a 
gully  at  the  fever  sheds  with  perfect  success.  Fig.  8  shows  the  proposed 
new  grates  for  steep  streets. 

For  flashing  and  washing  the  sewers  it  is  proposed  to  lay  a  main 
along  the  summit  of  the  to«n,  kept  continually  full  of  water  from 
a  reservoir  ;  and  when  a  sewer  requires  flashing,  a  sluice  is  to  be 
opened,  and  the  water  allowed  to  rush  down  in  a  flood,  carrying  all 
impurities  along  with  it. 

Besides  flashing  for  the  underground  filth,  it  is  necessary  to  provide  the 
means  of  washing  all  impurities  from  the  surface  of  streets  and  courts.  For 
this  purpose  every  court  should  have  a  branch,  with  a  stand-pipe  at  its  upper 
end  for  the  washing  of  it  daily.  Every  street  should  also  have  stand-pipes, 
at  such  distances  npatt  that  its  whole  surface  may  be  washed  over  with  the 
aid  of  a  short  hose.  From  these  stand-pipes  also  the  streets  should  be 
watered.  Ultimately  fountains  should  be  erected  in  every  available  situation, 
purifying  the  atmosphere  by  the  motion  of  their  jets,  and  cleansing  the 
water  channels  and  sewers  by  their  constant  flashing  effect. 

In  my  former  report  I  submitted  the  following  method  of  arranging 
stand-pipes  in  the  streets,  by  which  their  situation  might  be  so  readily 
and  distinctly  indicated  that,  in  the  event  of  a  fire,  no  loss  of  time  would 
ensue  from  the  difficulty  of  discovering  them.  At  present,  the  water-pipes 
have  three  kinds  of  apparatus  to  which  hose  may  he  attached — the  common 
plug,  the  hydrant,  and  the  Gavin-plug.  The  common  plug  consists  of  a 
conical  socket  fitted  on  the  pipe,  which,  when  not  in  use,  is  closed  by  a 
wooden  plug.  When  a  hose  is  to  be  attached,  the  plug  is  withdrawn,  and 
an  apparatus,  called  a  stand-pipe,  inserted  in  its  place.  This  is  a  copper 
pipe,  tapered  at  its  lower  end,  to  fit  into  the  socket,  and  furnished  at  its 
upper  end  with  one  or  more  screwed  nozzles,  projecting  horizontally,  to 
which  the  hose  is  attached  ;  it  has  also  a  cock  for  regulating  the  discharge. 
These  stand-pipes  are  portable,  and  are  carried  by  the  firemen  to  the  plug 
nearest  the  place  where  the  water  is  required.  The  hydrant  is  a  more 
simple  apparatus;  it  consists  merely  of  a  branch  from  the  main  pipe,  with  a 
stop-cock  and  an  upturned  end,  with  a  screw  coupling,  to  which  the  hose  is 
directly  attached.  The  Gavin  plug  differs  from  the  other  two  in  being  also 
a  cock ;  a  stand-pipe  is  required  in  using  it.  All  these  have  their  con- 
veniences. The  Gavin  plug  is  a  ready  apparatus ;  but  besides  the  disad- 
vantage of  acting  too  quickly  for  high  pressures,  it  is  liable  to  the  objections 
of  exposing  a  large  surface  of  metal  in  the  roadway,  of  being  subject  to  be 
acted  on  by  frost;  and  from  its  cover  being  attached  to  the  pipes,  the  latter 
are  apt  to  be  injured  by  vibration  and  concussion.  The  stand-pipe  is  liable 
to  derangement  from  a  pebble  or  dirt  getting  into  its  socket ;  and  as  these 
sockets  are  in  boxes  under  the  surface  of  the  ground,  there  is  sometimes  not 
a  little  difficulty  experienced  in  finding  their  places.  Further,  the  eye  which 
requires  to  be  formed  round  the  metal  box  seldom  wears  uniformly  with  the 
general  surface  of  the  road  (in  the  macadamised  roads  especially),  hut  pro- 
jects above  the  surface,  and  forms  a  very  serious  obstacle  to  the  traffic. 

My  opinion  is,  that  the  apparatus,  in  any  proper  system  of  supply,  should 
be  conspicuously  placed,  readily  distinguishable,  by  night  or  by  day,  from 
everything  else,  and  always  ready  for  use,  without  any  appliances,  which 
may  be  mislaid  or  forgot  at  the  very  instant  they  are  wanted.  With  this 
view,  I  beg  to  submit  the  apparatus  exhibited  in  figs.  1,  2,  and  3.  I  propose 
that  several  lamp-posts  in  each  street  should  be  made  receptacles  for  the 
water  apparatus,  the  pedestal  being  made  of  a  size  sufficient  to  contain  it. 
In  each  lamp  pedestal  I  propose  that  an  upright  hydrant  be  fixed,  with  a 
coil  of  hose,  sufficient  for  washing  the  streets,  or  filling  the  watering  carts, 
constantly  attached.  The  cock-box  I  would  fix  in  the  footway,  always  on 
the  same  side  of  the  lamp-posts,  and  at  a  constant  distance  from  them.  In 
the  event  of  a  fire,  the  firemen's  hose  would  be  instantly  attached  to  the 
hose  of  the  stand-pipe  by  a  coupling  screw.  The  pedestals  for  the  water 
apparatus  being  square,  and  those  for  the  common  lamps  being  round,  would 
point  out  at  once  the  place  of  the  water  apparatus  ;  and,  if  necessary,  the 
side  panes  of  such  lamps  might  be  of  coloured  glass,  as  a  still  greater  dis- 
tinctive mark  by  night.  Every  superintendent  of  scavengers  and  every  fire- 
man would  be  provided  with  a  key  to  the  door  of  the  pedestal,  and  in  the 
pedestal  the  key  of  the  cock  would  constantly  remain ;  thus  there  would  be 
no  delay  in  using  the  water  for  any  purpose.  In  places  where  lamp-posts 
are  not  required,  the  pedestals  merely  (fig.  3.)  might  be  used,  and  these  might 
also  be  used  as  guard  posts  at  the  entrance  to  narrow  streets. 

The  lamp-irons  thus  made  prominent,  might  be  rendered  still  more  useful 
by  the  label  attached  to  their  tops,  as  shown  on  the  sketch.  On  these  would 
be  cut  the  names  of  the  streets,  and  on  the  centre  paael  the  distance  in 


miles  and  furlongs  from  the  Exchange.  Coach  and  car  fares  might  be  thus 
regulated.  On  the  plinths  too  would  be  made  the  permanent  bench-marks 
necessary  under  the  Act,  with  their  height  above  the  dock  sill,  expressed  in 
feet  and  decimal  parts.  By  these  means,  the  simple  lamp-post  may  be  made 
a  very  useful  as  well  as  a  very  ornamental  object. 

The  Report  contains  some  judicious  advice  on  the  best  mode  of 
cleansing  streets,  emptying  cesspools,  dust-bins,  lay-stalls,  &c. ; 
regulations  for  the  width  of  streets  and  height  of  houses ;  limiting 
the  population. 

The  Hmitation  of  population  per  acre  being  once  established,  is  easily 
convertible  into  a  rule  to  determine  the  area  that  a  house  should  occupy. 
The  width  of  a  street  due  to  the  class  of  houses  being  fixed  on  the  principle 
laid  down  above,  the  remainder  should  be  a'lolted  to  the  houses,  the  passages 
before-mentioned,  and  the  gardens  or  back-yards,  as  the  case  may  be.  On 
examining  the  statistics  of  health  in  Great  Britain,  we  shall  find  that,  in 
towns  exhibiting  the  average  rate  of  health,  the  aiea  allowed  to  every  inha- 
bitant is  about  25  square  yards.  If  we  assume  5-o8  (the  Liverpool  average) 
to  be  the  number  of  inhabitants  to  each  house,  and  allow  25  yards  to  each 
inhabitant,  we  sliall  have  150  yards  as  the  minimum  area  which  health 
demands  to  be  allowed  to  every  house.  Now  houses  of  the  class  usually 
built  in  third-rate  streets  are  5  yards  wide  in  front,  and  the  width  of  the 
street  due  to  these  is  6-6  yards.  Of  the  quantity  allotted  to  each  household 
we  have  thus  42|  yards  due  to  the  street  and  lane,  and  lU-j  yards,  or  an 
area  of  23  J  yards  deep  by  5  yards  wide,  due  to  the  house  and  yard.  Of 
this  the  house  will  probably  occupy  10  yards,  leaving  13  yards  in  depth,  or 
05  square  yards  for  the  garden  or  back-yard  and  its  erections.  This,  then, 
is  what  would  be  required  to  insure  a  state  of  health  of  the  town  districts  of 
Britain,  when  houses  are  built  in  streets  without  any  other  source  of  air  and 
light  than  what  the  streets  aft'jrd  ;  if,  however,  open  spaces  are  left,  such 
as°  courts,  squares,  and  tlie  like,  the  problem  being  simply  to  allot  a  certain 
number  of  yards  to  every  inhabitant,  a  deduction  commensurate  with  that 
area  may  be  made  from  the  amount  allotted  to  the  yards  or  gardens,  pro- 
vided  that,  as  before  stated,  the  houses  be  so  arranged  in  respect  of  these 
open  spaces  as  to  receive  the  full  benefit  of  them. 

From  the  remarks  on  buildings  we  give  the  following  extracts  : 

Every  house  should  have  a  water  closet ;  but  the  water  closet  should  be 
adapted  to  the  place  it  is  to  occupy,  and  the  habits  of  the  users.  Water 
closets  at  present  in  common  use  are  essentially  of  two  kinds,  the  valve  and 
the  pan  closet.  The  former  has  been  long  held  in  high  esteem  and  is  ex- 
pensive ;  the  latter  is  the  cheaper  article,  and  1  think  undeservedly  under- 
valued.  Both  are  open  to  the  objections  which  I  am  about  to  point  out. 
As  these  apparatus  perform  an  important  part  in  sanitary  improvement,  it  is 
necessary  to  inquire  how  they  can  be  made  to  fulfil  their  design  in  the  best 
possible  manner,  that  is,  to  "carry  away  the  soil  instantly,  not  only  into  but 
through  the  drain  and  sewer.  This  will  obviously  depend  on  the  quantity  of 
water  that  is  discharged  along  with  the  soil.  Now,  in  the  closets  in  use  the 
quantity  of  water  retained  in  the  basin  and  discharged  with  the  soil  is  so 
small  as  to  be  inadequate  to  carry  the  soil  away,  and  reliance  is  generally 
placed  on  the  wash  or  stream  that  is  sent  after  it.  This  stream  is  generally 
discharged  by  a  1^  inch  pipe,  while  the  soil  pipe  is  3  inches  in  diameter,  and 
consequently  it  can  have  little  flashing  power.  This  is  the  defect  in  all 
existing  closets,  the  attention  of  the  makers  being  directed  invariably  to  the 
increase  of  the  wash,  and  not  to  the  maintaining  a  sufficient  quantity  of 
water  in  the  basin.  When,  on  the  contrary,  the  basin  retains  a  large  quantity 
of  water,  and  the  opening  for  discharge  is  made  with  the  requisite  sudden, 
ness,  the  full  flashing  effect  of  the  water  is  obtained,  and  the  stream  acts,  as 
in  the  other  closets,  in  rinsing  the  basin  and  refilling  it.  It  is  on  this  prin- 
ciple that  the  water  closets  shown  in  the  figure  are  designed.  Both  have 
answered  completely.  They  combine  the  advantages  of  cheap.iess  and  sim- 
plicity, and  can  hardly  be  put  out  of  order. 


Fig.  10.  Fig.  n 

Figs.  10  and  11  show  the  closet  adapted  for  the  interior  of  a  house,  and 
fig.  4  that  adapted  for  a  yard,  a  court,  or  public  necessary.  In  the  figures,  a 
represents  the  basin,  which,  with  its  supports  and  the  pipes  behind,  e,  are 
formed  of  glazed  earthenware  in  one  piece.  In  the  pipe  at  c  is  fixed  a  box 
containing  a  collar  of  leathers,  through  which  a  brass  or  copper  tube  b  slides ; 
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this  tul)e  is  open  at  both  ends.  To  the  end  of  the  pipe  b  the  soil  pipe  is 
attaclied.  When  the  sliding  tube  is  in  the  position  shown  In  doited  lines  in 
fig.  11,  water  admitted  into  the  basin  will  rise  to  the  height  of  the  top  of 
the  tube,  and  if  more  be  added  it  will  escape  through  the  tube,  which  thus 
forms  an  nvorllow.  When  the  tube  is  depressed  by  the  closet  handle  to  the 
level  of  the  bottom  of  the  basin,  the  whole  of  the  water  and  soil  is  instantly 
discharged.  Tins  simple  and  ingenious  water  closet,  which  may  also  serve 
as  a  sink  for  cottage  dwellings,  is  the  invention  of  Mr.  Kirkwood,  plumber 
and  mechanist,  of  Edinburgh.  I  have  fitted  up  several  of  them,  and  one 
which  has  been  in  constant  use  at  the  new  offices  in  Cornwallis-street  since 
their  opening,  has  given  perfect  satisfaction. 

I  have  proposed  to  use  tubes  of  earthenware  or  glass,  ground,  in  place  of 
the  brass  tubes,  for  the  sake  of  cheapness.  I  have  also  proposed  to  modify 
it  so  far  as  to  convert  the  sUding  tnbe  into  a  turning  one,  so  as  in  fact  to 
form  a  stopcock,  the  tube  of  earthenware  being  ground  into  a  socket  of  the 
same  material,  thus  dispensing  with  the  stuffing-box.  Other  modifications 
will  present  themselves  to  those  who  give  attention  to  the  subject,  the  prin- 
ciple being  steadily  kept  in  view  of  receiving  the  soil  in  a  large  quantity  of 
water,  which,  when  discharged,  shall  be  sufficient  to  carry  it,  not  only  into 
the  drain,  but  through  it. 

The  other  water  closet  is  adapted  for  back  yards,  courts,  and  public  neces- 
saries. It  is  designed  on  the  same  principle.  In  fig.  4,  o  a,  is  a  large  tank, 
formed  of  stone,  slate,  iron,  or  other  non-absorbent  material.  Its  bottom  is 
made  to  slope  to  one  end,  where  the  mouth  of  the  soil  pipe  b  is  inserted,  and 
closed  with  a  loaded  plug  valve  c.  To  this  valve  a  chain  is  attached,  and, 
being  passed  over  a  pulley,  it  has  a  handle  fixed  to  its  other  end.  D  is  a 
supply  pipe,  from  which  the  tank  may  be  filled  ;  c  is  the  overflow  pipe;  / 
the  seat  of  the  closet.  The  tank  in  the  case  of  cottage  dwellings  may  extend 
between  two  cottages ;  in  courts  it  may  serve  for  as  many  separate  water 
closets  as  there  are  houses ;  and,  in  like  manner,  for  public  necessaries,  any 
number  of  separate  closets  may  be  over  it.  The  supplying  of  the  water,  and 
the  discharge  of  the  contents  of  the  tank  are  not  under  the  control  of  the 
user,  but  in  every  case,  of  the  scavenger  of  the  district.  The  cock  of  the 
supply  pipe  and  the  handle  of  the  discharge  valve  are  contained  in  a  small 
lock-up  cupboard,  accessible  only  by  him,  and  once  a  day,  or  oftener,  as  the 
ease  may  be,  he  pulls  the  handle  which  lifts  the  valve,  and  allows  the  soil 
and  water  to  be  discharged  in  a  torrent;  this  being  done,  the  valve  is  allowed 
to  drop,  and  the  water  laid  on  by  the  supply  pipe  until  the  tank  is  full, 
when  it  is  again  ready  for  use.  The  soil  being  received  into  so  large  a  body 
of  cold  water  as  the  tank  contains,  is  not  liable  to  decompose ;  from  the 
time  it  is  allowed  to  remain  it  becomes  to  a  certain  extent  dissolved  and 
diffused  in  the  water,  and  when  the  contents  of  the  tank  are  discharged, 
being  nearly  fluid,  tliey  pass  otf  witliout  impediment.  Such  water  closets 
emit  no  bad  odour,  lliey  cannot  go  wrong,  and,  from  being  directly  under 
superintendence,  ami  their  action  being  independent  of  the  user,  they  cannot 
suffer  from  ignorance  or  neglect.  A  closet  on  tliis  principle  has  been  fitted 
tip  at  the  public  offices  for  the  work  people  out  of  doors,  and  answers  its 
purpose  admirably. 

To  the  ailvocates  for  employing  the  Ordnance  for  making  the 
Survey  of  London,  we  beg  to  direct  their  particular  attention  to 
the  following  observations,  which  ought  to  ha\-e,  if  anything  would, 
some  weight  with  the  government,  in  reference  to  sanctioning  tlie 
employment  of  the  Ordnance  in  doing  tliat  which  can  be  much 
better  done  hy  civil  surveyors  and  engineers. 

With  regard  to  the  survey  of  the  borough,  I  beg  to  state,  (hat  I  have 
been  actively  employed  on  it,  with  a  large  stafl'  of  surveyors,  since  June 
last  (1847.)  There  is  now  completed  the  triangulation  of  the  greater  part 
of  the  whole  ai-ea  within  the  Paidiamcutary  boundary,  and  the  detailed 
survey  of  about  two-thirds  of  that  ai-ea  ;  about  half  of  which  is  plotted  to 
a  scale  of  twenty  feet  to  the  inch.  The  reasons  which  led  to  the  adoption 
of  a  scale  so  much  larger  than  that  recommended  by  Government  are 
known  to  the  committee;  but  as  the  necessity  for  the  large  scale  has  been 
questioned,  and,  as  in  the  investigation  of  the  subject  by  the  Metropolitan 
Sanitary  Commissioners,  evidence  has  been  adduced  involving  grave 
charges  against  the  Corporation  of  Liverpool,  I  shall  take  the  liberty, 
briefly,  to  allude  to  the  subject,  and  shall  show  by  a  simple  statement  of 
facts,  how  rash  and  gr-oundless  these  cliar-ges  ai'e. 

I  have  first  to  remark,  that  in  the  evidence  referred  to,  there  is  an 
obvious  confounding  of  two  things — general  sewerage  schemes,  and  the 
sewerage  of  a  town.  For  the  one  a  contoured,  general,  or  block  plan,  on 
a  small  scale,  so  that  the  whole  area  may  be  comprehended  in  one  view,  is 
vhat  is  required  ;  and  for  the  other,  the  details  of  the  structural  arrange- 
ments to  a  large  scale  — the  larger  the  better,  so  that  every  minute  pecu- 
liarity may  be  seen  and  provided  for.  In  designing  improvements,  there- 
fore, botli  plans  are  uecessary,  the  small  index  map  for  the  ascertaining 
the  drainage  areas,  the  outfalls,  and  the  main  lines  of  sewers  and  gas  and 
water  pipes;  the  lai-ge  plan  for  the  details.  For  the  first  purpose,  for 
extensive  areas,  a  scale  sixty  inches  to  the  mile  is  totally  useless,  as  being 
t  )o  large,  and  for  the  second,  it  is  equally  useless,  as  being  too  small,  arrd 
its  adoption  would  necessitate  the  re-surveying  of  every  portion  of  the 
town  in  detail,  as  the  works  are  carried  on.  Thus,  even  for  the  sewering 
of  the  town  alone,  the  sixty-inch  scale  would  not  be  suliicieut;  but  the 
Council  of  Liverpool,  under  the  Sanitary  Act,  have  not  only  the  control  of 
the  sewers,  but  are  also  surveyors  of  highways,  guardians  of  public  pro- 
perty and  have  the  control  of  the  waer  supply.    In  adjusting  the  levels 


of  streets,  plans  and  sections  are  required  drawn  to  a  scale  so  large  as  to 
exhibit,  clearly  and  distinctly,  the  details  of  accesses  and  approaches  to 
the  buildini^s  un  each  side.  Such  a  plan  adnrits  also  of  the  boundaries 
and  divisions  of  property  being  minutely  detailed,  and  allows  of  the 
details  of  sewers,  service  drains,  water  and  gas  mains,  and  service  pipes, 
and  in  short  the  whole  structural  peculiarities  of  the  locality  to  be  repre- 
sented withoirt  confusion.  It  is  iu  fact  a  working  plan.  1  shall  briefly 
recapitulate  these  reasons. 

I.  It  obviates  the  necessity  of  separate  detailed  surveys  for  improve- 
ments. 

II.  It  enables  the  perfect  detail  to  be  shown  of  parts  which  most  require 
improvement  in  lines,  levels,  and  sewerage,  and  also  for  the  supply  of  gas 
and  water. 

III.  It  admits  of  the  perfect  measirrement  of  the  boundaries  and  divi- 
sions of  property,  enabling  the  author-ities  to  guard  against  future  en- 
cr'oachments. 

IV.  It  shows  the  structural  arrangement  of  the  streets,  with  the  compli- 
cated lines  of  water  and  gas-pipes,  sewer's,  and  service  drains. 

Doubtless,  all  these  might  be  shown  on  a  plan  of  (10  inches  to  the  mile  ; 
but  such  a  plan,  like  many  other  efforts  of  ingenuity,  would  be  more 
curious  than  useful. 

I  here  cite  the  portion  of  the  evidence  referred  to. 

Captain  Yolland  says — "  At  the  present  moment  the  Corporation  of  Liver- 
pool, who  are  engaged  in  carrying  out  sanitary  measures  for  the  town  of 
Liverpool,  have  abstracted  a  number  of  assistants  from  the  Ordnance 
Survey  that  will  answer  the  purpose  of  carrying  on  this  very  necessary 
work,  at  rates  of  pay  varying  from  .500  to  700  per  cent,  over  that  which 
they  received  on  the  Ordnance  Surveys  ;  and  this,  after  having  been  fur- 
nished by  the  Ordnance  Survey  Department,  almost  at  a  nominal  price, 
with  a  skeleton  plan  of  the  town  of  Liverpool  ou  this  scale,  with  some 
altitudes  inserted  at  the  corners  of  streets." 

"  How  do  you  account  for  the  Corporation  of  Liverpool  desiring  to  have 
an  additional  and  accurate  survey,  they  having  already  those  outlines 
which  are  sufficient  for  all  purposes  of  drainage  ? — I  imagine  it  is  to  pro- 
ject their  schemes. 

"  The  Commissioners  are  anxious  lo  ascertain  what  it  would  cost  to 
survey  the  metropolis  sufficiently  for  the  purpose  of  drainage  and  sewer- 
age ;  therefore  it  was  that  the  question  was  asked,  why  the  people  of 
Liverpool  should  be  anxious  to  have  a  more  complete  survey  than  is  neces- 
sary for  those  purposes  ?— All  I  stated,  as  having  been  given  to  the  Liver- 
pool Corporation,  were  skeleton  plans,  not  embracing  ever'y  alley  and  every 
court. 

"  The  Liverpool  Cor-poration  own  a  great  deal  of  properly  ia  Liverpool, 
do  they  not? — 1  do  uot  know." 

First,  as  to  the  abstraction  of  surveyors  : — the  only  surveyors  employed 
in  the  survey  of  Liverpool,  who  were  known  to  me  to  be  on  the  Ordnance 
Survey,  are  two,  and  these  applied  for  employment,  recommended  to  the 
favourable  consideration  of  the  Committee  by  the  officer  under  whom  they 
were  at  the  time.  One  other  surveyor  applied  as  a  person  out  of  employment, 
whom  X  afterwards  discovered  to  be  engaged  on  the  Ordnance  Survey  at  tlie 
time  of  his  application,  and  we  have  other  men  who  at  some  period  or  other 
have  been  employed  in  the  Ordnance  surveys  of  England  and  Ireland,  but 
all  of  whom  had  been  engaged  in  railway  survey  between  leaving  the 
Ordnance  and  being  employed  by  me.  All  the  surveyors,  with  the  one  ex- 
ception stated  above,  were  engaged  on  application  in  writing,  accompanied 
by  testimonials  of  their  character  and  capability  from  persons  in  whose 
employment  they  bad  previously  been.  So  far  then  for  the  truth  of  the 
statement  as  lo  the  "  abstr'aclion  of  a  number  of  assistants." 

With  regard  to  the  amount  of  salary  paid  the  assistants,  I  may  state, 
that  it  is  invariably  commensurate  witli  the  work  done,  and  ranges  from 
£48  to  £150  per  annum.  This  highest  amount  is,  I  suppose,  somewhere 
about  200  per  cent,  above  what  is  paid  in  the  Ordnance  Department  to 
civilians.  Capt.  Yolland  asserts  that  the  salaries  paid  in  Liverpool  are 
700  per  cent,  above  those  of  the  Ordnance  staff;  where  he  got  his  infui'> 
mation  as  to  the  amount  of  these  salaries  I  know  not :  he  certainly  did  uot 
apply  for  it  either  to  the  treasurer  or  to  me — the  only  parties  who  could 
have  informed  him  rightly. 

The  whole  of  the  evidence  relating  to  the  getting  up  of  surveys  for 
sanitary  purposes  is  an  attempt  to  prove  that  it  can  be  more  correctly  and 
more  cheaply  done  by  the  Ordnance  than  by  corporations  or  local  surveyors,; 
But,  to  verify  calculations  of  this  kiud,  let  the  actual  and  not  the  estimated 
cost  of  Ordnance  surveys  be  produced.  Every  one  knows  that  to  produce 
anything  in  extreme  hasle  increases  immensely  the  cost  of  production. 
The  Council  of  Liverpool,  finding  that  the  detailed  Ordnance  survey  of 
the  town  was  not  completed,  and  being  refused  liberty  to  make  a  tracing 
of  the  portion  alleged  lo  be  finished,  urged  by  necessity,  bad  no  alterna- 
tive but  to  proceed  with  a  survey  of  their  own,  although  perfectly  aware 
that  the  necessary  haste  would  much  increase  the  cost.  Now,  however, 
that  the  expense  of  what  is  done  is  known,  and  the  cost  of  completing 
the  whole  can  be  correctly  calculated,  it  would  be  useful,  as  a  test  of  the 
comparative  expense  of  what  may  be  called  private  and  public  plans,  to 
ascertain  from  the  proper  authorities  in  the  Ordnance  office  what  the 
country  has  already  paid  for  the  incomplete  plan  of  Liverpool,  and  how 
much  it  will  yet  cost ;  how  long  it  has  been  in  hand,  and  when  there  is  a 
I'easonable  prospect  of  its  being  finished. 

In  ten  months  the  work  which  I  have  already  detailed  has  been  done  ; 
and,  in  addition,  a  map  of  the  town  and  surrounding  district,  embracing 
an  area  of  27  square  miles,  has  been  compiled  on  a  scale  of  19  \  inches  to 
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the  mile,  and  on  (his  contour  lines  at  four  feet  altitudes  have  been  laid 
dowa.  Tliese  contours  involved  the  observation  of  a  great  many  levels, 
and  a  laborious  calculation.  A  copy  of  this  has  Ijeeu  made  for  Mr. 
Hawkesly,  for  the  purposes  of  the  water  supply. 

Besides  this  work,  belonging  especially  to  ihe  survey  required  by  the 
Act,  a  very  great  number  of  detached  surveys  and  the  sections,  to  meet  the 
emergencies  of  the  time,  working  drawings  of  sewers,  and  of  the  new 
ottices  in  C'ornwallis  street,  and  many  highly-finished  drawings  to  illustrate 
the  reports  made  by  nie,  have  been  executed  by  the  surveyors  and 
draughtsmen;  and  although  these  are,  for  the  most  part,  valuable  docu- 
ments, their  execution  has  not  a  litile  interfered  wiih  the  progress  of  the 
larger  work.  The  street  surveys  and  sections  required  for  the  adjustment 
of  the  levels  in  laying  out  new  streets  alone  amount  to  150. 

The  work  being  now  so  far  advanced,  and  the  completion  of  the  contour 
plan  having  enabled  me  to  make  the  necessary  estimates  of  the  cost  of  ihe 
sewerage,  a  reduction  may  be  made  in  Ihe  surveying  stuff,  if  it  should  be 
thought  desirable.  The  list  of  the  new  stafl'  I  have  sulmiitted  in  the 
estimate  of  the  expenses  of  the  Engineer's  Department  for  the  ensuing 
year. 


FROCSEDINGS   OF  SCIENTIFIC  SOCISTISS. 

INSTITUTION  OF  MECHANICAL  ENGINEERS. 

The  following  papers  were  read  at  the  last  monthly  meeting  held  at 
Birmingham  : — 

BONE  CRUSHING  MACHINE. 

Mr.  Buckle  premised  that,  in  selecting  his  present  subject,  he  had  had 
in  view  the  desirability  of  imparting  an  agreeable  variety  to  their  proceed, 
ings.  The  object  of  this  communication  was  to  endeavour  to  direct  ih- 
attention  of  agriculturists  to  the  usefulness  of  a  machine  for  preparine 
bone  dust,  which  has  been  found  to  be  a  most  efliciicious  manure,  g 
machine  which  is  alike  available  to  renovate  the  nobleman's  estate  or  tha 
peasant's  cottage-garden.  An  ash  plant,  an  iron  bar,  a  pebble  from  the  brooke 
and  a  hand  sieve,  furnish  him  wiih  a  bone-mill  for  all  he  requires.  The  ar- 
rangement of  this  machine  reduces  bone  to  a  state  of  meal,  and  thereby 
prepares  it  for  a  rapid  change  into  a  state  of  solubility — the  rapidity  of  the 
effects  of  phosphate  of  lime  on  the  growth  of  plants  depending  upon  its 
greater  or  less  solubility.  In  all  other  mills  which  he  had  examined,  their 
construction  will  merely  crush  the  bones  into  lumps  ;  and  when  laid  on  the 
land  in  that  state  they  remain  many  years  undecumposed,  with  little  benefit 
to  the  crops. 

In  the  year  1833  his  attention  was  directed  to  this  subject  by  the  stew- 
ard of  a  large  estate  in  Oxfordshire  requesting  hi]n  to  construct  a  mill  to 
grind  bones  as  fine  as  possible  ;  for  he  found,  in  practice,  that  the  bones 
prepared  in  the  usual  manner  were  of  little  benelit:  he  also  objected  to 
the  usual  method  of  boiling  the  bones  before  they  were  crushed  by  the 
rollers.  For  this  gentleman  he  constructed  a  mill  driven  by  two  horses, 
which  succeeded  so  well  that  he  was  requested  to  increase  its  powers,  and 
to  work  it  by  a  water-wheel  of  three-horse  power.  The  first  crop  of 
turnips  averaged  47  inches  in  circumference  and  32.J  lb.  weight, 
from  seed  of  the  red  turnip,  received  from  Messrs.  Drummond  and  Son, 
Agricultural  Museum,  Stirling;  sown  in  May,  and  producing  as  above  in 
October.  In  the  year  1839  he  constructed  a  second  bone-mill,  which  was 
erected  on  an  estate  in  Surrey,  driven  by  a  water-wheel  thirteen  feet  in 
diameter  and  four  feet  wide,  with  additional  conveniences  to  the  former 
one.  After  a  careful  course  of  experiments,  he  received  a  letter  from  the 
proprietor  of  Ihe  estate,  of  which  the  following  is  an  extract : — "  I  am 
much  obliged  by  all  the  attention  you  have  given  to  my  bune-mill,  with  the 
performance  of  which  I  am  entirely  satisfied.  We  produce  thirteen 
bushels  of  fine  dust  per  hour,  and  seventeen  bushels  of  fine  dust  appear  to 
be  the  product  of  half  a  ton  of  raw  bones.  Thus  we  shall  be  able  to  pro- 
duce 136  bushels  of  dust,  the  product  of  four  tons  of  raw  bones,  per  day 
of  ten  hours."  In  the  sketch  of  a  mill  or  machine  laid  before  the  meeting, 
Mr.  Buckle  made  several  additions  and  improvements  which  were  not  in- 
troduced in  Ihe  former  ones.  The  positions  of  the  stampers  were  altered 
in  consequence  of  the  result  of  experiments,  and  elevators  were  an 
addition  of  much  usefulness,  as  he  thereby  lessened  the  duties  of  the  at- 
tendant, whose  only  care  is  to  admit  water  on  the  wheel,  and  observe  that 
the  store  of  rough  raw  bones  is  ample,  and  the  machine  performing  satis- 
factorily. The  rough  bones  are  recommended  to  be  heaped  up  in  a  shed 
adjoining  the  mill ;  they  are  permitted  to  slide  down  the  inclined  platform, 
from  whence  they  drop  into  the  stamper-trough.  The  middle  stamper  is 
recommended  to  be  heavier  than  the  outside  ones,  lo  enable  it  to  break  the 
large  bones  in  pieces ;  those  pieces  pass  on  in  the  trough  from  one  stamper 
to  the  next,  and  when  it  has  moved  to  the  outside  stamper  it  is  reduced 
into  meal.  It  then  passes  into  the  dressing  cylinders,  which  are  placed  on  a 
descent,  and  by  their  velocity  force  the  fine  dust  through  the  wires.  The 
coarse  dust  falls  from  the  end  of  the  cylinders  into  a  box,  where  it  is  raised 
by  the  elevators,  and  descends  into  the  stamper-trough,  to  be  crushed  fine 
enough  to  pass  through  the  wire  meshes  of  the  dressing  machine.  Mr, 
Buckle  also  recommended  the  application  of  elevators  for  conducting  the 
ground  bone  dust  from  the  bins  or  store  in  the  cellar  into  the  wagons,  to  be 
by  them  conveyed  to  the  drill  or  sowing  machines. 


HIGH-PRESSURE  BOILERS. 
"  On  High-Pressure  Boilers,  and  on  Boiler  Explvsions."  By  Mr. 
Smith. — "At  the  last  meeting  I  laid  before  you  a  tracing  and  description  of 
the  steam-boiler  which  recently  exploded  near  Dudley,  and  though  time  did 
not  permit  any  discussion  as  to  the  merits  or  demerits  of  the  construction 
of  the  said  boiler,  I  think  it  very  evident  that  boilers  of  similar  construc- 
tion, formation,  and  dimensions,  cannot  be  safely  used  for  high-piessure 
steam,  say  40  lb.  or  50  lb.  per  square  inch.  I  make  this  assertion,  because 
the  great  diameter  of  the  outer  shell  renders  it  very  liable  to  be  torn 
asunder  by  the  internal  pressure,  and  the  internal  vertical-flue  being  also 
of  such  dimensions  that  it  may  be  forced  out  of  form  and  suddenly  col- 
lapsed by  external  pressure,  and  if  that  system  of  boiler  were  to  be  made 
safe  by  a  large  reduction  of  the  diameter,  it  would  make  steam  insignifi- 
cant in  capacity,  heating  surface,  and  generating  power,  and  consequently 
unfit  for  the  purpose  they  are  intended — namely,  to  use  the  great  quantity 
of  lost  heat  that  escapes  from  the  puddling  furnaces. 

"  I  have  prepared  the  accompanymg  drawing  of  a  boiler  which  I  recom- 
mend in  preference  to  those  on  the  above  principle,  being  much  belter 
adapted  for  generating  and  safely  containing  high-pressure  steam,  and  I 
think  more  convenient  in  every  other  respect  tor  the  above  system  ot 
heating.  The  boiler  is  32  feet  long,  and  4  ft.  0  in.  diameter,  with  two 
tubes  or  flue-pipes  under  if,  each  30  feet  long,  and  1  ft.  8  in.  diameter,  and 
attached  to  the  boiler  by  vertical  pipes  10  inches  diameter.  The  llue-pipes 
are  made  in  a  bent  form,  so  as  to  be  highest  iu  the  middle,  and  droppinij 
at  each  end,  to  keep  circulation  in  the  water.  The  drawing  willsudi- 
ciently  explain  every  other  particular  connected  with  this  boiler,  so  that 
further  description  is  unnecessary;  I  shall  therefore  now  ouly  point  out  a 
few  of  the  advantages  it  possesses  over  the  system  of  boiler  before  re- 
ferred to ; — 

"  1st.  The  diameter  of  this  cylinder  being  small,  they  may  be  made  of 
much  thinner  plates,  and  still  be  perfectly  safe  with  a  greater  pressure  of 
steam. — 2nd.  The  heating  surface  is  large,  and  concentrated  without 
winding  flues,  so  that  much  steam  will  be  generated. — 3rd.  The  area  of 
water  surface  being  much  larger,  there  will  be  less  difliculty  in  maintain- 
ing its  proper  level. — 4th.  The  steam  and  water  spaces  and  heating  sur- 
faces harmonise  iu  their  proportions. — 5th.  The  great  facility  for  cleaning 
out,  which  is  an  object  of  the  first  importance  in  the  construction  of  all 
kinds  of  steam-boilers,  as  it  is  weM  known  that  where  any  difliculty  exists 
in  performing  that  operation,  the  chances  are  that  it  will  either  bo  imper- 
fectly done  or  left  undone  altogether,  which  is  one  cause  of  many  of  the 
fatal  explosions  that  so  frequently  happen  with  land  boilers : — I, 
Mal-formation  for  the  working  pressure  and  quantity  of  vapour  re- 
quired ;  2,  Want  of  proper  care  lo  fit  every  boiler  with  proper  steam 
and  water  indicators  ;  and  3,  Neglect  of  cleaning  out  at  proper  times.  It 
is  a  lamentable  fact  that  many  boilers  are  still  in  use,  which  are  extremely 
liable  to  accident  from  either  of  the  above-named  causes  ;  and  I  think  the 
following  reasons  will  to  a  great  extent  account  for  so  bad  a  state  of  things 
existing  in  a  country  where  so  much  engineering  skill  may  always  be  pro- 
cured to  rectify  such  defects. 

"  I.  Respecting  mal-formation,  I  would  state  that  parties  about  making 
erections  for  steam-power,  generally  make  the  first  outlay  of  capital  a 
leading  consideration,  and  consequently  cramp  the  dimensions  of  their 
engines  so  that  they  are  just  calculated  to  do  the  work  required,  and 
nothing  lo  spare.  Shortly  afterwards,  however,  some  extra  machinery  is 
introduced  into  the  establishment,  and  the  engine  being  found  defective  in 
power  with  Ihe  original  pressure,  an  extra  load  is  immediately  put  upoQ 
the  safety-valves  of  Ihe  boilers,  and  this  praciice  is  repealed  from  time  to 
time,  as  each  little  additional  machine  may  require  Ihe  extra  power.  It 
follows  that  the  boilers,  which  were  prudently  arranged  to  do  the  work  iu 
the  first  instance,  are  at  last  a  mal-formation  for  Ihe  increased  pressure, 
and  working  in  a  highly  dangerous  state,  while  the  unsuspecting  opera- 
tives may  be  seen  crowding  round  to  warm  themselves  at  meal  times, 
when  the  danger  is  probably  at  the  greatest  pitch. 

"  II.  Respecting  defective  steam  and  water  indicators,  I  have  always 
observed  that  land  engine  boilers  are  not  so  efficiently  fitted  with  these  in- 
struments of  safety  as  marine  and  locomotive  boilers,  although  I  think  it 
very  necessary  that  they  should  be  so,  seeing  that  a  number  of  Ihem  are 
frequently  left  to  the  charge  of  one  individual,  with  other  duties  besides 
that  require  much  of  his  time  and  attention  ;  whereas  the  indicators  of 
marine  and  locomotive  boilers  are  constantly  under  the  eyes  of  one  or 
more  engineers  of  well-proved  character  and  ability  for  the  duties  re- 
quired ;  and,  moreover,  engineers  of  a  higlier  class  are  always  resident  ia 
ilie  principal  stations,  invested  with  power  to  examine  engineers,  and 
inspect  the  whole  machinery.  I  have  shown,  on  the  present  drawing,  all 
the  indicators  which  1  consider  necessary  for  a  high-pressure  boiler  in 
ordinary  circumstances,  v»hich  are  as  follows:— One  feed-cock  or  valve  ; 
one  float-water  gauge,  with  stand  and  wheel,  and  counterbalance  weight; 
one  glass  water  gauge;  one  steam-whistle,  also  for  a  water  gauge;  and 
two  safety-valves,  one  locked  up.  For  low-pressure  boilers,  I  think  the 
open  top  feed-pipe,  with  open  pipe  also  for  the  float-wire  to  work  through, 
is  a  very  perfect  apparatus  to  prevent  the  steam  from  rising  too  high,  or 
the  water  getting  too  low. 

3rd.  Respecting  keeping  of  boilers  clean,  I  have  seen  that  process  very 
imperfectly  performed,  and  often  altogeiher  neglected  in  establishmenis 
where  a  sulhcient  number  of  spare  boilers  are  not  provided,  aiid  time  not 
permitting  to  get  the  boiler  cooled  down  for  men  to  remain  in  it  to  do  the 
work  properly.     But  1  believe  the  greatest  cause  of  neglect  in  this  most 
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imporlant  mailer  is  its  being  generally  looked  upon  as  a  thankless  sort  of 
job,  Ilie  engine-man  always  considering  it  an  extra  duty,  for  which  he 
claims  extra  allowance,  and  the  master  consitleriug  that  he  pays  him  sufti- 
ciently  to  include  that  work  with  his  other  duties.  The  results  consequent 
upon  inattention  to  boiler  cleaning,  require  no  comment  here  ;  every  prac- 
tised engineer  being  well  ac(]uainted  with  them,  knows  that  if  actual 
explosion  does  not  happen,  tlie  tear  and  wear  upon  those  parts  most 
exposed  to  the  fire  mu.-t  be  greatly  increased,  and  so  keep  up  a  heavy  ex- 
pense in  repairs,  independent  of  the  immense  quantity  of  extra  fuel  that  is 
required  to  keep  up  the  steam. 

•'  I  trust  these  remarks  will  suffice  to  draw  the  attention  of  the  Institution 
to  this  very  important  subject,  and  that  the  proprietors  of  steam-power 
may  be  convinced  that  the  small  extra  outlay  required  to  make  the  boilers 
perfectly  safe,  will  be  more  than  repaid  by  the  ecouoiuy  in  working." 

ON  THE  FALLACIES  OF  THE  ROTARY  ENGINE. 

Before  entering  on  this  consideration  of  the  subject,  the  President  in- 
vited Mr.  Onions,  who  is  not  a  member  of  the  Institution,  to  describe  a 
disc  engine,  of  which  he  is  the  inventor,  and  to  stale  wherein  it  dillered 
from  other  rotary  engines.  He  claimed  for  his  engine  a  superiority  over 
the  crank  principle  in  power  and  saving  of  fuel ;  the  chief  peculiarity, 
however,  being  an  improvement  in  the  mode  of  packing,  so  (as  was 
alleged)  as  to  make  its  parts  perfectly  tight.  Mr.  Onions  asserted,  that 
the  loss  of  power  in  the  use  of  the  crank  was  estimated  by  some  eminent 
men  at  -j-jlhs.  This,  he  stated,  was  saved  by  his  engine.  There  was  no 
friction,  and  yet  by  this  moCe  of  packing,  all  leakage  was  obviated. — 
After  a  few  remarks  cuudeninalory  of  the  principle,  the  President  pro- 
ceeded to  read  his  paper  on  this  sniijeit.  As  the  explanations  were  ac- 
companied by  references  to  diagrams,  we  adopt  so  much  of  the  paper  as 
will  give  an  idea  of  Mr.  Stephenson's  argument.  He  remarked  that,  as 
all  levers  gave  out  their  power  at  right  angles  to  their  fulcrums,  it  would 
be  been  that  a  right-itngle  line  from  the  connecting-rod  to  the  centre  of  the 
beam  would  be  the  true  measure  of  the  length  of  tlie  beam  when  the  crank 
was  at  half-stroke— therefore,  the  i^th  of  half  the  length  of  the  beam 
would  be  gained  by  the  pislonend  of  the  beam.  The  crank  being  3  feet 
loug,  the  up  and  down  stroke  of  ihe  piston  would  he  12  feet  ;  the  crank- 
pin  woulil,  of  course,  have  passed  through  a  space  of  nearly  19  feet. 
Now,  a  weight  hanging  upon  a  drum  nearly  4  feet  diameter,  would 
balance  the  same  weiglit  on  the  piston-end  of  tlie  beam  ;  each  would 
move  at  the  same  velocity,  and  pass  through  the  same  space  in  the  same 
time.  It  would  he  observed,  that  from  C  to  U  on  the  diagram  was  a  little 
more  than  one-third  longer  than  from  G  to  D  ;  it  would,  therefore,  be  seen 
that  the  weight  at  the  piston  end  of  the  beam  had  a  little  more  than  one- 
third  advantage  ovef  ilie  weight  of  the  drum.  And  it  would  also  be  seen 
that  from  C  to  E  was  half-way  frmu  lialf-slroke  to  the  bottom  centre  ;  at 
this  portion  of  the  stroke  the  leverage  of  the  crank  would  he  nearly  2  feel. 
The  increased  power  that  existed  in  the  crunk  from  half-stroke  to  this  point 
would  gradually  be  lost  from  E  to  H  ;  it  was,  llierefure,  clearly  pro\ed 
that  no  power  was  lost  by  the  craiik-iiiniion.  as  the  weiLhts  resolved  them- 
fcelves  into  a  simple  lever.  There  wuuld  be  a  little  loss  of  power  when  the 
engine  was  turning  the  ci'nires,  which  is  conipeosateil  for  at  the  connecting- 
rod  end  of  the  beam  by  the  segment  of  the  right-angle  line.  Now  a  rotary 
engine  could  only  give  out  its  power  on  the  arm  like  any  other  lever;  and 
if  the  piston  parsed  through  a  space  of  19  feet,  it  would  just  baUnce  a 
weight  equal  to  the  same  power  passing  through  the  same  space.  The 
President,  in  contiuualrn,  said  that  no  man  could  improve  the  lever  ;  it 
was  useless  to  talk  at  that  lime  of  day  of  the  loss  of  power  by  the  crank  : 
tliere  was  no  such  loss.  He  asked,  what  had  been  the  performance  of  filr. 
Onions' engine  at  Derby,  where  it  was  tried? 

Mr.  Onions  said  that  in  those  experiments  the  saving  was  equivalent  to 
20  percent.      Would  the  President  believe  the  fact  if  he  saw  it? 

The  Pri;sident,  with  good-humoured  warmth,  exclaimed,  "  No,  I 
wouldn't,  Sir.  I  would  believe  I  was  mad  first,  or  that  there  was  magic 
iu  the  experiment." 

Mr.  IMiLLER,  of  Blackwall,  remarked  that  there  was  no  loss  of  power 
by  the  crank;  and  he  niiglit  also  add  that  nobody,  he  believed,  objected 
to  the  principle  of  the  rotary-engine,  except  so  far  as  regarded  the  dilli- 
cultj,  or  rather  the  impossibility,  of  packing  it  perfectly  tight.  No  doubt 
the  rotary-engine  had  its  advantages,  such  as  its  application  to  the  screw 
in  marine  engineering,  and  wherever  small  space  and  considerable  power 
was  necessary  ;  but  the  rock  upon  which  inventors  split,  was  the  packing. 
He  would  as  soon  thiuk  of  iuventiug  perpetual  niuiiou  as  uf  overcoming 
that  diHiculty. 


BRITISH  ASSOCIATION. 

Notes  fiom  the  Proceedings  of  the  Meeting  held  at  ivausea,  August,  1848. 

Applicatio.-*  of  Heated  Gases  from  Furnaci-s. — At  the  Ystalafera 
Iron-works  near  Swansea,  under  the  management  of  Mr.  Uudd,  a  valuable 
application  has  been  made  of  the  heated  gases  that  are  usually  pei  mitted  to 
escape  from  blast  furnaces.  The  heated  gases  are  in  the  first  instance  con- 
du':led  through  horizontal  passages  at  the  top  into  a  stove,  where  they  heat 
the  compressed  air  in  its  passage  to  the  furnace  to  form  the  hot  blast.  1  he 
air  which  is  conveyed  to  the  stove  in  a  convolution  of  pipes  is  heated  in  this 
Uiaiinei  to  about  700°  or  ajC".     The  heated  gases  after  having  done  duty  in 


the  stove,  are  conducted  under  the  boilers  of  the  engine  employed  for  com- 
pressing the  air,  and  experience  has  proved  that  the  boilers  can  he  heated  in 
tills  manner  more  clitctively  than  by  fuel,  with  the  additional  advantage 
that  there  is  no  corrosion  of  the  iron.  Only  one  of  ihe  boilers  at  the 
Ystalafera  works  is  as  yet  fitted  up  in  this  manner,  but  the  experiment  has 
answered  so  well,  that  all  the  boilers  will  shortly  be  heated  in  a  similar 
manner  ;  and  thus  the  power  for  compressing  the  air  and  the  means  of  heat- 
ing it  w-iil  he  procured  by  using  the  mere  waste  heat  of  the  furnaces.  The 
"  hot-blast"  will  by  this  means  cost  literally  nothing,  and  it  is  estimated 
that  if  the  plan  be  carried  out  through  all  the  iron-works  in  England  and 
Wales,  there  will  be  an  annual  saving  of  f  1,200,000,  without  taking  into 
account  the  saving  arising  from  the  diminished  wear  of  the  iron  in  the 
boilers  and  the  heating  tubes.  Even  this  saving  might  be  increased,  for  at 
present  the  heated  gases  are  permitted  to  escape  unconsumed  ;  and  by  a 
judicious  admission  of  air  to  supply  the  required  oxygen  for  combustion,  the 
heated  gases  might  be  advantageously  burned.  In  this  manner  some  of  the 
furnaces  in  Belgium  were  economically  managed  several  years  ago,  the  heat 
of  the  consumed  gases  being  employed  in  various  processes. 

A  Drt  Condenser. — Mr.  Joseph  Price  made  a  communication  in  the 
Mechanical  Section,  of  a  plan  that  he  has  lately  adopted  in  the  construction 
of  marine  engines,  and  which  he  then  made  public  for  the  first  time.  The 
engines  constructed  by  Mr.  Price  combine  the  effects  of  high  pressure  and  of 
condensing  engines.  The  steam  is  worked  at  a  pressure  of  aliout  20  lb.  to 
the  square  inch,  and  it  issues  from  the  cylinder,  after  having  done  its  work 
there,  into  a  dry  condenser.  The  condenser  consists  of  a  chamber  containing 
several  pipes,  through  which  the  water  passes  as  the  vessel  is  propelled  for- 
ward, and  by  this  means  the  pipes  are  kept  cool.  The  steam  emitted  from 
the  cylinder  meets,  as  Mr.  Pi  ice  expressed  it,  with  a  "  cold  reception"  in  the 
condensing  chamber,  and  the  water  of  the  condensed  steam  collects  at  the 
bottom,  whence  it  is  forced  again  into  the  boiler  by  a  small  force-pump.  In 
this  manner  the  boiler  is  constantly  supplied  with  fresh  water,  even  at  sea, 
and  there  is  consequently  no  incrustation.  This  arrangement  of  the  condenser 
would  admit  of  the  use  of  spirits  of  wine  instead  of  water,  if  the  waste  by 
leakage  could  be  avoided. 

Low-Pressurb  Atmospheric  Railway. — A  large  model  of  a  low- 
pressure  atmospheric  railway  was  exhibited  in  the  Mechanical  Section,  by  its 
inventor,  M.  Struvu.  In  this  plan  the  original  mode  of  atmospheric  pro- 
pulsion is  adopted,  the  carriages  and  passengers  being  all  inclosed  within  the 
atmospheric  pipe.  It  is  proposed,  howe\er,  to  construct  the  atmospheric  culvert 
of  brick-work,  and  it  is  to  be  illuminated  by  windows;  so  that  the  passengers, 
though  inclosed,  will  not  be  excluded  from  daylight.  A  shield  is  fixed  to 
the  carriages,  against  which  the  pressure  of  the  atmosphere  is  to  act ;  and  as 
the  requisite  pressure  need  only  he  very  low,  there  is  no  necessity  to  be 
particular  about  the  shield  being  air-tight  at  the  edges — indeed,  it  is  intended 
that  it  should  move  without  any  friction  against  the  sides.  With  an  area 
large  enough  to  admit  the  railway  carriages,  it  is  calculated  that  a  pressure 
of  six-tenths  of  an  inch  would  be  sufficient  for  ordinary  speeds,  and  it  is 
proposed  to  obtain  that  amount  of  exhaustion  by  large  pumps  formed  some- 
thing like  gasometers,  which  work  up  and  down  in  water,  and  expel  the  air 
from  the  large  pipe.  The  estimate  for  constructing  a  railway  of  this  kiud  is 
£7,00J  per  mile. 

The  Iron  Produce  op  Pennsylvania. — It  was  stated  by  Professor 
Rogers,  of  Pennsylvania,  in  the  Geological  Section,  that  the  annual  quantity 
of  iron  produced  in  that  state  exceeds  the  whole  annual  produce  of  South 
Wales ;  the  estimated  quantity  being  700,000  tons. 

The  Colouring  Property  of  Maddcr. — Dr.  Edward  Schnnck  pre- 
sented to  the  Chen.ical  Section  his  third  report  on  the  colouring  property  of 
madder.  The  extractive  matter  of  madder-root  contains  seven  difi'erent  sub- 
stances, only  one  of  which,  however — the  alizarine — is  of  value  for  its  colour ; 
all  the  others,  indeed,  tend  to  impair  the  colour  yielded  by  alizarine  ;  and 
the  chief  use  in  adding  lime  to  madder  in  dyeing  is,  that  it  combines  with 
the  other  substances,  and  renders  them  harmless.  Potass,  or  other  alkalies, 
would  have  a  similar  effect ;  but  as  lime  is  cheaper,  there  would  be  no 
advantage  gained  in  substituting  alkalies.  It  was  suggested  that  a  practical 
application  might  be  made  of  the  analysis,  by  extracting  the  alizarine  in  a 
separate  stale,  freed  from  the  injurious  adjuncts,  in  which  condition  it  was 
hoped  a  better  and  more  durable  pijiment  might  he  obtained,  especially  in 
the  madder  lakes.  The  experiments  have,  however,  been  so  recently  made, 
that  no  practical  results  can  as  yet  be  expected. 

The  Effect  of  Light  in  Photography. — M.  Claudet  and  Mr.  Hunt 
brought  before  the  Chemical  Section  some  curious  facts  relative  to  the  effect 
of  light  on  photographic  pictures.  In  taking  a  Daguerreotype  picture,  it  is 
well  known  that  the  plate,  after  being  exposed  for  the  proper  time  in  the 
camera,  presents  no  image,  and  that  it  is  not  till  after  exposure  to  the 
vapour  of  mercury  that  the  picture  is  developed.  M.  Claudet  has  ascertained 
that  the  red,  yellow,  and  orange  rays  have  nearly  the  same  effect  as  mercury 
vapour ;  and  that  on  a  plate  exposed  to  those  rays,  after  having  been  in  the 
camera,  the  picture  is  developed  nearly  as  powerfully  as  where  mercury  is 
used.  Not  only  have  the  red,  orange,  and  yellow  rays  the  property  of  bring- 
ing out  the  invisible  picture,  hut  they  act  also  as  accelleratois,  in  the  same 
way  as  bromine ;  thus,  if  a  prepared  plate  be  exposed  in  the  camera  too 
short  a  time  to  produce  a  distinct  picture  by  mercury  vapour  alone,  the  » 
effect  may  be  increased,  and  the  picture  be  rendered  distinct  by  exposure  to 
yellow,  orange,  or  red  light.  Red  light  alone,  however,  seems  to  produce  no 
etfect  on  a  sensitive  Daguerreotype  plate,  and  tome  curious  images  of  the 
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sun,  reddened  liy  a  London  fog,  were  exhibited  1)5'  M.  Claudet,  which  exem- 
plified that  fact  in  a  remarkable  manner,  for  the  sun  appeared  as  a  hlaik 
spot  in  a  luminous  sky.  In  an  image  of  the  solar  spectrum  the  red  rays 
were  black,  the  orange  and  yellow  dark,  and  the  brightest  parts  were  tliose 
iu  the  blue  and  \iolet  bands  of  the  spectrum,  and  in  a  space  considerably 
beyond  the  extent  of  luminous  rays.  Mr.  Hunt  announced  that  the  results 
of  investigations  in  which  be  is  still  engaged  lead  him  to  the  conclusion 
that  light  has  no  part  in  the  production  of  photographic  pictures,  and  that 
ill  fact  light  obstructs  the  formation  of  such  pictures  instead  of  producing 
them.  In  confirmation  of  this  opinion,  he  stated  that  when  attempting  to 
take  the  solar  spectrum  on  photographic  paper,  all  parts  of  the  paper  were 
blackened  excepting  that  whereon  the  spectrum  fell,  the  paper  on  that  part 
having  been  protected  from  change  by  the  action  of  light. 

Mineral  Guano. — As  the  sources  of  animal  guano  becoire  exhausted, 
fresh  supplies  of  that  manure  are  discovered  in  the  mineral  kingdom,  which 
jKomise  to  last  for  ages.  The  discovery  of  a  large  bed  of  phosphate  of  lime 
in  Spain  was  two  years  ago  considered  an  importdnt  addition  to  agricultural 
wealth,  but  since  that  time  beds  of  phosphate  of  lime  have  been  found  much 
more  available,  and  Captain  Ibbetson  in  a  recent  examination  of  the  green 
sand  formation  of  the  Isle  of  Wight  has  discovered  a  rich  stratum  of  the 
mineral  manure,  containing  about  30  per  cent,  of  jibosphate  of  lime.  As  this 
is  very  accessible,  it  promises  to  become  of  great  value,  and  there  is  no  doubt 
that  similar  stores  of  the  phosphate  may  be  be  found  iu  other  parts  where 
the  greeii  sand  formation  is  situated. 


REGISTER     OP     tSESKT    PATENTS. 


EXPANSIVE  ROTARY  STEAM-ENGINE. 

Robert  Wilson,  M.  A.,  of  Greenock,  for  "  Improvtments  in  cer- 
tain kinds  of  rotary  steam-engines^  part  of  which  improvements  ore 
applicable  to  rotary  engines  worked  by  water  or  by  the  wind ;  also  an 
improvement  in  safety-valves  fur  steam-boilers." — Granted  January 
13;  Enrolled  July  13,  1848. 

The  chief  object  of  this  invention  is  to  introduce  the  princij)le 
of  working  steam  e.xpansively  into  rotary  engines.  This  is  proposed 
to  be  effected  by  causing  the  steam  which  has  first  acted  by  impact 
in  one  direction  against  the  vanes  of  a  wlieel,  to  operate  again  by 
reaction  in  opposite  directions  in  issuing  out  of  the  intervals 
between  the  vanes.  The  figure  re])resents  a  side  elevation  of  an 
engine  constructed  according  to  this  part  of  the  invention,  and 


Laving  one-half  oftheeovei  or  side  removed,  in  order  to  exhibit 
the  internal  construction.  The  circular  case  is  rendered  steam- 
tight,  and  has  an  entrance-passage  at  I,  for  the  steam.  Tliere  is 
also  an  eduction-passage  at  K,  through  which  tlie  i~teiim  in  an 
expanded  state  is  allowed  to  pass  away  into  tlie  air,  or  else  into  a 
condenser ;  and  although  the  induction-passage  k  appears  very 
near  to  the  entrance-passage  I,  yet  the  steam  does  not  pass  directly 
to  K,  but  passes  nearly  all  round  within  the  case,  in  order  to  imjie'l 
the  vanes  g  g,  by  acting  over  and  over  again  with  more  and  more 
expansive  action  at  several  different  places  around,  within  the 
circumference  of  the  case,  in  succession,  before  the  steam  arrives 
in  a  very  expanded  state  at  the  eduction-passage  K.     In  addition 


to  the  curved  vanes  g  g,  there  are  other  curved  vanes  r  r,  fixed 
within  chambers  n  »/,  which  the  patentee  calls  reversing-chambers, 
and  which  with  the  said  fixed  vanes  are  for  giving  to  the  current 
of  steam  the  directions  in  which  it  is  to  act  over  and  over  again 
against  and  between  the  curved  vanes  g  g,  of  the  wheel.  Some  of 
the  reversing-chambers  are  disposed  in  an  outer  circle  m  m,  which 
are  also  furnished  with  stationary  vanes  r  r  ;  the  moving  vanes  g  g, 
therefore  revolve  between  two  separate  circles  of  fixed  vanes.  All 
these  vanes  being  truly  arranged  in  their  several  circular  rows, 
with  the  edges  of  the  vanes  in  conformity  therewith,  tlie  interior 
edges  of  the  fixed  vanes  in  m  m,  and  the  exterior  edges  of  the 
vanes  r  r,  in  the  chambers  n  r?,  are  close  to  the  edges  of  the  moving 
vanes  g  g  :  but  at  no  part  of  its  circumference  is  it  allowed  to  touch 
or  come  in  contact  with  the  fixed  vanes  r  r.  In  order  to  give 
firmness  to  the  vanes,  which  are  made  of  thin  metal  plate,  they  are 
united  by  means  of  flat  circular  rings,  which  are  as  close  as  possible 
to  the  moving  parts  without  actually  touching.  The  effect  of  these 
rings  is  not  only  to  strengthen  the  vanes,  but  also  to  subdivide  the 
whole  of  the  passages  into  narrow  semicircular  courses,  in  order  to 
direct  the  currents  of  steam.  The  steam  from  the  boiler  enters 
the  case  at  I,  and  is  first  directed  into  a  curved  course  at  ?»,  which 
is  divided  into  three  spaces  in  order  to  compel  the  steam  to  proceed 
in  three  currents  towards  the  axis  of  the  wheel ;  but  owing  to  the 
curvature  of  the  vanes,  the  three  currents  of  steam,  when  they  are 
passing  out  from  those  spaces,  are  caused  to  assume  nearly  the 
direction  of  tangents  to  the  semicircular  curvature  of  the  moving 
vanes  g  g,  against  which  the  steam  will  first  make  its  impact  by 
acting  against  the  concave  sides,  which  deflect  or  turn  the  course 
of  the  steam  which  now  issues  from  the  spaces  between  the  vanes 
g  g,  at  the  interior  circumference,  and  is  received  into  the  chamber 
n',  when  the  direction  again  becomes  reversed  owing  to  the  semi- 
circular curvature  of  tlie  boundary  of  that  chamber,  so  that  the 
steam  will  be  turned  towards  the  vanes  </ ^,  proceeding  in  a  tan- 
gential direction  to  the  wheel  in  order  to  act  again  on  tlie  vanes  g y, 
by  impact.  The  steam,  permitted  to  expand  whilst  in  the  reversing 
chamber  n",  in  its  second  impact  w  ill,  therefore,  be  in  an  expanded 
state,  and  will  enter  into  a  greater  number  of  spaces  between  the 
vanes  g  g,  exerting  a  re-action  in  so  issuing,  when  it  is  again  re- 
ceived into  another  reversing-chamber  >?;■',  wherein  the  steam  is 
still  further  expanded,  and  becomes  again  reversed  in  its  direction 
to  the  chamber  m^,  from  which  it  passes  as  before  to  chamber  n", 
where  it  is  still  further  expanded,  reversed,  and  divided  into 
numerous  streams  continuing  a  similar  course  through  the  different 
chambers  m",  n",  m',  it",  and  so  on  throughout  the  circumference, 
being  proportionately  expanded  in  each  chamber  till  at  last  it 
escapes  through  the  eduction-passage  K.  By  the  continual  impact 
and  reaction  of  the  steam,  a  rapid  rotary  motion  is  communicated 
to  the  wheel.  Another  part  of  this  invention  relates  to  improve- 
ments in  rotary-engines  of  impact,  the  object  of  which  being  to 
combine  together  two  revolving  w  heels,  having  curved  vanes  affixed 
to  the  wheels,  in  circular  rows  in  a  very  similar  manner  to  the 
vanes  y  g,  already  described,  but  the  circular  row  of  vanes  is  larger 
than  on  the  other  wheel,  so  that  one  circular  row  is  surrounded  by 
the  other.  These  two  wheels  are  inclosed  within  a  case,  the  vanes 
iu  the  one  being  reversed  to  that  of  the  other.  The  current  of 
steam  which  lias  passed  through  the  curved  spaces  between  the 
vanes  of  one  wheel,  and  has  changed  its  direction  in  so  doing,  will 
enter  into  the  curved  spaces  between  the  vanes  of  the  other  wheel ; 
and  the  steam  in  so  doing  will  act  by  impact  and  reaction  to  turn 
both  wheels  round,  but  in  contrary  directions  of  rotation.  The 
fourth  improvement  relates  to  rotary-engines  to  be  worked  by 
water  or  w  iiid,  the  mode  of  action  being  by  impact  and  by  re-action. 
They  are  arranged  in  a  similar  manner  to  the  last  described.  The 
fifth  and  last  part  of  these  improvements  relates  to  safety-valves 
for  steam-boilers,  which  the  patentee  constructs  with  columns  of 
mercury  contained  with  a  cluster  of  numerous  tubes  of  iron  or  glass 
disposed  side  by  side,  the  passages  through  which  tubes  are  kept 
effectually  stopped  by  having  the  orifices  at  their  lower  ends  im- 
mersed to  diflercnt  levels  beneath  the  surface  of  mercury,  contained 
in  a  cistern  to  w  liich  the  steam  has  admission.  The  mercury  will 
effectually  prevent  any  escape  of  steam,  so  long  as  the  pressure  is 
no  greater  than  intended.  But  if  the  pressure  of  the  steam  depress 
the  level  of  the  mercury  below  the  lower  end  of  one  of  the  tubes, 
then  the  steam  will  force  its  way  up  that  tube;  and  if  the  steam 
still  increases  iu  pressure,  the  surface  is  depressed  still  lower,  sous 
to  get  below  the  level  of  the  low  er  end  of  another  tube,  and  so  on  ; 
more  of  the  tubes  will  become  opened,  one  after  another,  as  the 
pressure  may  require. 
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PROPELLING  BLADES. 

GABDiVEn  Stow,  late  of  Kinu-street,  Cheapside,  now  of  New 
York,  {jentleiiian,  for  "  Iniprovementx  in  apparatus  far  propelling 
ships  and  other  i-essets."  (A  communication.) — Granted  January  1 1 ; 
Enrolled  July  11,  1818. 

In  this  invention  an  attempt  is  made  to  combine  the  screw-pro- 
peller with  the  paddle-wheel.  The  propeller,  though  placed  at  the 
sides  of  the  vessel,  like  the  paddle-wheel,  is  formed  on  the  screw 
lirinciple.  Its  form  consists  of  a  series  of  curved  blades,  set  at  an 
anf,^le  of  ii°  with  the  propeller-shaft,  which  is  placed  parallel  with 
the  vessel's  course,  similar  to  the  ordinary  screw-propeller ;  but 
instead  of  beings  submerp^ed,  it  is  sustained  by  bearinjjs  projecting 
from  the  vessel's  sides  (there  beinp^  one  on  each  side  of  the  vessel), 
at  such  a  height  from  the  line  of  flotation,  that  sinii)ly  the  curved 
blade,  or  about  one-seventh  of  the  whole  diameter,  will  be  immersed. 
These  curved  blades  are  severally  portions  of  a  screw,  and  are  sup- 
ported from  the  shaft  by  radial  arms,  being  further  strengthened 
by  stays  extending  in  the  direction  of  the  length  of  the  shaft. 
These  propeller-shafts  are  each  furnished  with  bevelled  wheels, 
which  gear  into  corresponding  wheels  on  the  main  or  engine-shaft 
lying  across  the  vessel,  as  the  ordinary  paddle-shaft.  As  these  pro- 
pellers are  caused  to  rotate,  the  curved  blades  will  be  successively 
brought  into  contact  with  the  water,  one  end  thereof  entering  first, 
the  concurrent  angle  propelling  the  vessel  onwards,  and  as  it  leaves 
the  water,  the  ne.xt  blade  in  succession  will  be  immersed,  main- 
taining a  continuous  and  uninterrupted  propelling  power. 

MARINE  STEAM-BOILERS. 

Thomas,  Eakl  of  Dindonald,  Vice-Admiral  in  Her  Majesty's 
Navy,  for  "  Imjyrovcments  in  marine  steam-hoilers,  and  apparatus 
connected  therewith." — Granted  February  11;  Enrolled  August  11, 
1818; 

The  principal  features  of  this  invention  are  the  application  to 
marine-boilers  of  the  principle  adopted  for  consuming  the  smoke 
in  other  boiler-furnaces,  by  admitting  a  stream  of  hot  air 
behind  the  bridge,  to  burn  the  gaseous  products,  and  the  removal 
of  the  steam-chest  from  the  top  of  the  boiler  to  the  end  of  it, 
thereby  lessening  the  height.  His  lordship  claims  seven  separate 
parts,  which  may  be  thus  briefly  noticed.  Firstly  : — The  more 
jierfect  combustion  of  the  gaseous  products  at  their  entrance 
into  a  tube-chamber,  constructed  according  to  a  former  patent 
granted  to  him,  by  combining  a  stream  of  undecomposed  hot  air 
with  such  products.  Secondly,  the  constructing  boilers  with  the 
steam-reservoir  placed  below  the  level  of  the  water  in  the  boiler 
in  lieu  of  the  steam-chest  as  usually  constructed  above  the  boiler. 
Thirdly,  the  drying  of  the  steam  by  its  being  exposed  to  a  portion 
of  the  iire-place,  or  by  passing  the  flue  or  chimney  through  it. 
He  claims,  Fourthly,  a  mode  of  preventing  the  priming  of  steam- 
boilers  by  means  of  a  plate  or  separator  jilaced  within  the  boiler, 
the  end  being  below  the  surface  of  the  water  in  the  boiler. 
Fifthly,  the  right  of  making  and  using  a  spiral  or  centrifugal  sepa- 
rator ;  which,  however,  may  be  made  square  or  other  shape,  and 
still  retain  the  principle  of  the  invention— namely,  the  separation 
of  the  water  from  the  steam,  and  the  mode  of  carrying  off  such 
separated  water  back  to  the  boiler,  without  being  obstructed  by 
a  contrary  current  of  steam,  by  means  of  a  pipe  or  channel  from 
such  spiral  separator  to  the  boiler.  Sixthly,  he  claims  a  mode 
of  working  the  propellers  of  steam-vessels  by  means  of  short  pro- 
peller-shafts. And,  lastly,  a  mode  of  constructing  boat-boilers  and 
apparatus. 

VALVES  AND  PLUGS. 

John  FREnERiCK  Bateman,  of  Manchester,  for  '■'■certain  im- 
pn>emcnts  in  valves  or  plugs  for  the  passage  of  water  or  other  fluids." 
— (ij-anted  January  18;  Enrolled  July  Is,  1818. 

The  chief  object  of  this  invention  is  to  make  a  valve  suitable 
for  the  water-pipes,  the  valve  being  made  of  smaller  specific 
gravity  than  water,  and  being  opened  by  being  forced  down  by  a 
plug.  The  claims  of  the  patentee  will  sufiiciently  explain  the 
structure  of  the  valve.  He  claims,  first,  the  application  for  the 
passage  of  water  and  other  liquids,  of  a  globular  valve,  of  a 
lighter  specific  gravity  than  water,  constructed  of  a  coating  of 
vulcanised  india-rubber,  gutta  percha,  or  other  suitable  clastic 
substance,  so  that  the  valve  shall  be  closed  by  the  pressure  of  the 
liquid.  Secondly,  the  use  and  application  of  a  globular  valve  of 
the  same  or  a  greater  specific  gravity  than  the  fluid,  constructed 
with  a  coating  of  vulcanised  india-rubber  or  other  elastic  substance, 
so  that  the  valve  shall  be  closed  without  the  aid  of  machinery,  by 


the  pressure  of  the  liquid.  Thirdly,  the  opening  of  the  valve 
against  the  pressure  of  the  liipiid,  by  means  of  a  plug  or  key, 
through  which  the  liquid  will  flow  from  the  valve,  the  plug  or  key 
being  attached  to  the  fixed  part,  without  the  aid  of  any  screw  or 
thread. 

PREPARATION  OF  BAR-IRON. 

William  Russell,  of  Lydbrook,  Gloucestershire,  iron-master, 
for  "rtn  improvement  in  the  preparation  of  such  bar-iron  as  is  vsed 
in  the  manufacture  of  certain  kinds  of  rod-iron." — Granted  January 
29;  EnroUed  July  29,  1848. 

This  invention  may  be  very  briefly  described.  The  object  is  to 
remove  from  the  surface  of  ordinary  bar-iron  the  spill  or  scale, 
which  is  found  to  be  very  injurious  in  making  the  billets  from  which 
wire-rod-iron  and  horse-shoe-nail  rod-iron  are  manufactured. 
The  scale  is  removed  by  passing  the  bar-iron  through  a  kind  of 
draw-plate  called  a  "  cleanser,"  composed  of  grooves  formed  in  the 
shape  of  the  letter  "  V."  In  conducting  the  operation,  the  iron  is 
first  made  into  lumps  of  about  one  hundredweight  and  a  quarter. 
It  is  then  removed  to  the  hammer,  where  it  is  reduced  by  hammer- 
ing to  short  bars  of  five  or  six  inches  square.  It  is  next  passed 
through  the  rolls  in  the  usual  manner,  and  reduced  to  bars  of 
about  one  inch  and  a  quarter  square.  In  passing  through  the  two 
last  and  finishing  grooves  in  the  rolls,  opposite  which  the  cleanser 
is  placed,  the  lower  half  is  slightly  lowered  in  order  to  admit  of 
the  entrance  of  the  bar  to  the  rolls  which  draw  the  bar  through. 
During  this  finishing  operation,  pressure  is  exerted  to  bring  up 
the  cleanser  by  means  of  the  lever  and  shaft,  thereby  scraping 
the  iron  on  all  its  four  sides,  and  eff'ectually  removing  all  the  spill 
and  scale  from  the  surface.  The  bar  is  then  passed  over  the  upper 
roll,  and  is  introduced  through  a  smaller  groove  in  the  rolls,  when 
the  operation  of  scraping  is  repeated,  as  before. 


THE  GRESHAM  PROFESSORSHIP. 

AVe  have  seen  with  great  regret  the  decision  as  to  the  Professor- 
ship of  Geometry  in  Gresham  College,  because  it  is  an  indication 
of  a  return  to  the  old  system,  which  it  was  held  forth  should  be 
abandoned,  and  the  College  restored  to  its  former  eflSciency  and 
rank  in  the  scientific  world.  A  decision  more  lamentable  than 
that  now  made  could  hardly  have  been  come  to,  for  it  is  a  total 
abnegation  of  scientific  attainment  and  exertion  as  a  qualification 
for  the  Professorship. 

Among  the  candidates  were  Professor  Moseley,  the  Rev.  Morgan 
Cowie,  Mr.  Potts,  the  Re\'.  Pelham  Dale,  and  Mr.  Edkin. 

Professor  Moseley  took  high  honours  in  mathematics  at  Cam- 
bridge, is  the  author  of  a  work  on  the  "  Mechanical  Principles  of 
Engineering,"  and  is  a  professor  in  King's  College,  London, 

The  Rev.  Morgan  Cowie  took  higher  honours,  and  was  the 
senior  wrangler  of  his  year.  He  was  afterwards  elected  Fellow  of 
St.  John's  College,  and  Moderator  of  the  Examinations  in  the 
University  of  Cambridge.  He  now  holds  the  appointment  of 
Principal  in  the  College  for  Civil  Engineers. 

IMr.  Potts  and  the  Rev.  Pelham  Dale  have  devoted  themselves 
to  mathematical  studies,  and  have  published  papers  on  scientific 
subjects. 

Mr.  Edkin  took  a  low  degree  at  Cambridge,  and  has  since  been 
a  teacher  in  the  City  of  London  School. 

The  Gresham  Committee  have  appointed  Mr.  Edkin  to  the  va- 
cant Professorship. 

It  is  not  attempted  to  be  put  forward  that  Mr.  Edkin  is  entitled 
on  the  ground  of  his  scientific  superiority,  but  he  is  said  to  have 
given  satisfaction  as  a  master  in  the  School.  It  may  be  added, 
that  he  is  related  to  an  influential  member  of  the  Common- 
Council 

It  may  happen,  albeit  Mr.  Edkin  has  as  yet  given  no  proof  of 
his  competency,  that  he  may  make  as  good  a  professor  as  Mr. 
Moseley  or  Mr.  Cowie  ;  but  whether  he  do  or  not,  the  appointment 
is  equally  unjustifiable. 

TJiese  professorships  are  not  simply  appointments  of  men  com- 
petent to  discharge  the  duties,  but  they  are  rewards  for  previous 
exertion ;  and  when  properly  awarded,  their  beneficial  influence  is 
great,  because,  as  all  candidates  must  comply  with  the  condition  of 
having  given  practical  and  public  proofs  of  competency  and  dis- 
tinction, a  powerful  stimulus  is  given  to  the  industry  of  those  who 
are  enterprising,  and  tliere  is  a  curb  on  the  indolent. 

In  University  College,  the  way  in  which  the  appointments  are 
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made  is  very  simple.  A  committee  is  appointed,  not  of  members 
of  tlie  Council,  but  of  the  professors  of  the  faculty  in  question, 
who  draw  up  a  report,  stating  the  education  of  the  candidate,  the 
honours  lie  has  taken,  the  appointments  he  has  held,  the  works  he 
has  published  and  the  character  of  them,  and  the  unpublished  mss., 
illustrative  of  his  studies  and  researches,  which  be  has  submitted 
to  them.  Thus  all  the  materials  for  coming  to  an  impartial  deci- 
sion as  to  the  merits  of  the  candidates  are  laid  before  the  Council, 
and  their  appointment  is  made  in  accordance  with  the  report. 
There  can,  therefore,  by  tliis  system,  be  no  canvassing  and  no 
jobbery. 

Tiie  Trustees  of  Gresham  College  have  not  adopted  any  such 
course,  and  they  have  not  even  the  poor  and  usual  plea  of  favour- 
ing a  member  of  tlieir  own  College,  because  their  College  has  no 
atumiti. 

The  appointment  resolves  itself  into  the  gross  breach  of  a  public 
tmst,  and  it  is  necessary  that  measures  should  be  taken  to  prevent 
its  recurrence.  The  University  of  London  has  no  legal  jurisdic- 
tion in  this  case,  but  it  has  a  moral  interest  in  seeing  justice  done; 
and  we  recommend  that  a  memorial  should  be  addressed  to  the 
senate,  and  another  to  the  Committee  of  Council  on  Education, 
praying  that  they  will  take  measures  to  obtain  relief.  These 
memorials  should  be  signed  numerously  by  literary,  scientific,  and 
professional  men,  and  by  citizens  of  London,  and  they  may  result 
in  some  better  system  for  the  future.  It  will  be  easy  for  tlie  Uni- 
versity of  London  to  provide  for  the  examination  of  future  candi- 
dates, leaving  the  appointments  to  the  Trustees,  who  will  thus  be 
put  under  a  moral  and  public  responsibility,  to  which  they  are  not 
now  subjected. 

If  Gresham  College  were  properly  administered,  how  useful 
might  it  be  to  the  younger  professional  men  and  mechanics  of  the 
metropolis.  The  Chair  of  Geometry,  once  held  by  Briggs  and 
Wren,  ought  not  to  be  without  a  competent  successor ;  and  by 
giving  an  evening  course  of  proper  lectures,  great  benefits  would 
be  conferred,  and  the  very  serious  want  of  mathematical  instruc- 
tion in  some  degree  be  supplied.  Those  who  know  the  good  that 
has  been  done  by  Lord  Brougham's  Evening  Classes  for  School- 
masters, at  University  College,  would  earnestly  wish  the  system  of 
cheap  evening  instruction  to  be  extended.  As  a  recent  example  of 
the  way  in  which  these  classes  work,  we  may  mention  that  a  school 
has  been  opened  in  the  Mechanic's  Institution,  under  the  direction 
of  one  of  these  graduates,  and  in  which  the  children  of  members 
we  taught  at  fourpence  per  week. 

Those  who  advocate  literary  institutions  for  the  working-classes 
have  been  seriously  impressed  by  the  evident  consequences  of 
giving  desultory  instruction,  which  prevails  in  such  places,  and 
which  has  the  tendency  of  unsettling  rather  than  of  strengthening 
the  minds  of  young  men ;  but  no  measures  have  been  taken  to 
establish  colleges  or  institutions  in  which,  for  a  guinea  a-year,  one 
or  two  lectures  shall  be  given,  in  regular  courses,  on  the  higher 
branches  of  education  in  the  faculties  usually  known  as  wits  and 
philosophy.     This  can  be  done  and  ought  to  be  done. 


NOTES  OF  THE   MONTH. 

The  Ordnance  Maps  are  now  undergoing  the  process  of  being  electrotyped  ; 
they  are  to  be  sold  at  the  low  price  of  2s.  per  slipet,  or  Cd.  per  quarter- 
sheet,  and  are  to  be  issued  as  they  are  electrotyped,  quarterly.  The  first 
series  has  just  been  published,  and  comprises  part  of  Middlesex,  Kent 
Surrey,  Sussex,  Lancashire,  and  Cheshire. 

The  Metrofolilan  Sewers  Act  has  passed  the  Honse  of  Commons,  and  is 
now  in  the  Lords.  The  purport  of  the  Act  is  to  embrace  into  one  Commis- 
sion all  the  Commissions  in  Middlesex,  Surrey,  and  Kent,  excepting  the 
City  and  the  Eegent's-park  Commission  ; — why  the  latter  is  to  be  omitted, 
we  are  at  a  loss  to  conceive.  The  measure,  which  we  long  ago  advocated, 
will  be  incomplete  if  that  division  be  not  included,  as  tlie  d. strict  runs 
right  through  and  bisects  the  Westminster  division.  It  has  a  sewer  of 
ample  capacity  and  depth  to  drain  all  the  upper  division  of  the  old 
Westminster  Commission.  It  commences  near  Primrose-hill,  passes 
through  the  vicinity  of  Regeut's-park,  Portland-place,  Kegent  street, 
and  Charing-cross,  and  discharges  its  contents  in  the  Thames  near  White- 
hall and  Scotland-yard.  If  transverse  .sewers  be  formed  in  the  New- 
road,  Oxford-street,  and  Piccadilly,  nearly  the  whole  of  the  Borough  of 
Marylebone  and  Westminster  may  be  drained  into  it,  without  any  great 
expense  being  incurred.  We  trust  it  is  not  too  late  to  introduce  that  Com- 
inisjion  into  the  Act.  The  district  of  the  new  Commission  is  to  extend 
to  the  distance  of  12  miles  in  a  straight  line  from  St.  Paul's  Cathedral. 
We  dj  not  like  the  idea  of  the  Commission  being  empowered  to  make 
(heir  own  bye-laws  as  to  penalties— this  is  very  objectionable,  to  say  the 
least  of  it. 


Payne's  Process  for  rendering  WMd  Fireproof. — On  Wednesday, 
August  2,  an  experiment  was  exhibited  at  Whitehall-wharf,  M'estmiuster, 
for  testing  Mr.  Payne's  patent  process  for  rendering  wood  fireproof,  and 
for  showing  that  his  wood-preserving  process  is  as  eO'eclual  for  the 
preservation  of  wood  from  destruction  by  fire  as  from  the  ravages  of 
insects,  dry-rot,  &c.  Two  small  houses  were  constructed,  one  of  ordinary 
deals  well  dried,  and  the  other  of  deals  prepared  by  Mr.  Payne's  process', 
and  each  filled  with  fire-wood  and  shavings.  Both  were  kindled  at  the 
same  time.  The  house  composed  of  the  unprotected  wood  caught  fire 
very  soon,  and  in  about  half  an  hour  was  completely  consumed  ;  while  the 
Payneized  house  remained  standing  nearly  as  perfect  as  ever, — the  fire  in 
it  having  gone  out  of  itself,  and  left  only  some  slight  marks  of  charring 
on  the  inside  of  the  boards.  The  liquid  employed  by  Mr.  Payne  (by 
preference)  is  sulphuret  of  barium  or  calcium. 

The  Conrersion  of  Diamond  into  Coke. — Professor  Faraday  lately  gave  a 
lecture  on  this  subject  at  the  Uoyal  Institution,  in  consequence  of  M. 
Jacquelain  having,  in  the  course  of  last  year,  succeeded  in  converting 
diamond  into  a  substance  possessing  the  appearance,  physical  cha- 
racter, and  electrical  properties  of  coke  by  the  following  process  ; — 
Having  attached  a  piece  of  hard  gas-retort  carbon  to  the  positive  wire  of 
Bunsen's  battery  of  100  elements,  he  placed  on  it  a  small  piece  of 
diamond.  He  then  armed  the  negative  wire  with  a  cone  of  the  same  car- 
bon, and,  by  dexterous  manipulation,  enveloped  the  diamond  with  electric 
flame.  After  a  short  interval,  the  diamond  underwent  a  sort  of  ebullition, 
became  disintegrated,  softened,  and  was  actual  coke.  {Comptes  Rendiis, 
June  14,1847;  An.  de  Chimie,  torn,  xx.,  p.  459). — On  this  experiment 
Prof.  Faraday  made  the  following  observations.  I.  As  to  Ihe  properly 
possessed  by  certain  substances  to  assume  totally  different  forms  without 
undergoing  any  chemical  change.  The  Professor  adverted  to  the  case 
of  sulphur,  which  becomes  brittle  when  suddenly  cooled  from  its  first 
state  of  fusion,  but  is  soft  and  pliable  when  similarly  cooled  from  its 
second  state  of  fusion. — 2.  As  to  the  source  of  Iteut  employed.  Professoi 
Faraday  dwelt  on  the  beauty  and  power  of  the  voltaic  arc  as  a  furnace, 
showing  by  experiment  that  diamond  could  be  burned  into  carbonic  acid 
gas  by  means  of  a  current  of  oxygen  gas  directed  on  it  when  highly 
heated.  The  Professor  stated  that  neither  this  heat  nor  any  short  of  that  of 
the  voltaic  battery,  except  that  of  the  solar  lens,  was  sufficient  to  convert 
diamond  into  coke.  The  fusion  of  rock  crystal  by  a  current  of  oxygen 
sent  through  an  ether  flame  was  noticed  ;  and  it  was  shown  that  this 
powerful  heat  was  inferior  in  intensity  to  that  of  the  battery. — 3.  The 
condition  of  the  diamond  when  thus  converted  into  coke.  It  becomes  ab- 
solutely lighter.  The  spec.  gr.  of  ordinary  diamond  is  3  3G8  ; — when 
changed  into  coke  its  spec.  gr.  is  2-679.  It  loses  its  insulating  power. 
Professor  Faraday  here  alluded  to  some  experiments  by  M.  Karsten 
Archives  des  Sciences,  1847),  proving  that  certain  compound  bodies  were 
conductors  or  not  according  to  their  preparation.  He  slated  that  this  was 
the  only  case  analogous  to  carbon. — 4.  As  to  the  philosophy  of  the  change 
of  the  diamond's  structure.  Referring  to  M.  Gassiot's  demonstration  tliat 
the  heat  is  greatest  at  the  positive  pole  of  the  battery.  Professor  Faraday 
suggested  the  possibility  that  the  particles  of  diamond  might,  under  the 
influence  of  the  intense  heat,  tend  to  form  vapour  having  a  sensible  and 
assisting  expansive  force,  and  that  in  their  axial  position  as  regarded  the 
enveloping  discharge  they  might  assume  a  slate  having  relation  to  a  dia- 
magnelic  condition.  He  requested  to  be  understood,  however,  as  ofl"eriug 
this  idea  merely  as  a  philosophical  conjecture.  Finally,  he  referred  to 
Graham's   supposition,   that  the   ditference  between  diamond   and   coke 

might  depend  on  their  known  diflerence  of  specific  heat. In  reference 

to  Ihe  above  experiments  of  M.  Jacquelain,  ou  the  conversion  of  diamond 
into  coke,  Mr.  Nasmyth  states,  in  a  communication  to  the  Mining  Journal, 
that  he  "  had  long  since  discovered  that  coke  was  diamond,  in  as  far  as 
that  coke  is  possessed  of  one  of  the  most  useful  and  remarkable  properties 
of  diamond  in  respect  to  its  power  of  cutting  glass— owing,  doubt- 
less, to  the  extreme  hardness  of  its  ultimate  particles,  or  minute 
crystals  of  which  a  mass  of  coke  is  formed,  M'e  are  apt  to  consider 
coke  as  a  soft  substance,  because  we  can  crush  it,  and  pulverise  it 
with  facility  ;  but  if  we  examine  into  the  actual  hardness  of  the  minute, 
plate-formed  crystals,  which  compose  a  mass  of  that  substance,  we 
shall  find  that  they  are  possessed  of  a  most  remarkable  degree  of  hard- 
ness, and  can  cut  glass  with  that  clean-looking  cut  which  is  so  peculiar  to 
the  diamond."  He  feels  certain,  that  when  the  extreme  diamond-like 
hardness  of  coke  is  made  known,  that  the  fact  will  be  laid  hold  of,  and 
turned  to  good  account  as  a  most  cheap  material  for  all  grinding  purposes, 
such  as  required  for  many  processes  in  the  arts — to  say  nothing  of  its 
useful  application  to  the  sharpening  of  a  razor,  as  a  very  superior  strop 
powder;  for  which  purpose,  however,  the  coke  must  be  reduced  by 
ev'gation  to  the  most  minute  and  impalpable  powder. 

Dover  Refuge  Harbour. — This  great  national  work  is  progressing  with 
much  spirit,  and  begins  to  show  what  it  will  be.  The  first  portion,  yOO 
feet  of  a  massive  sea-wall,  has  been  contracted  for  by  Messrs.  Lee  of  Lon- 
don ;  and  the  works  are  carried  on  under  the  superintendence  of  their 
agent,  Mr,  Scott.  The  plan  is  that  of  Mr.  James  AValker,  the  eminent 
engineer;  and  the  execution  of  the  engineering  department  also  devolves 
on  him  and  his  partner,  Mr.  Burgess.  Tlie  works  now  extend  130  feet 
into  the  sea,  and  the  curve  to  the  eastward  has  been  commenced.  One 
diving-bell  was  lately  put  into  requisition  in  the  process  of  levelling  the  rocks 
for  the  foundation,  and  another  will  be  speedily  brought  into  use.  Of  the 
immease  quantity  of  stone  (8,S00  tons)  which  has  b:eu  landed  here  witbia 
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a  few  months,  nearly  one-half  has  already   been  pot  down.     The  blocks 
are  uniformly  of  large  dimensions,  some  exceeding  10  tons  weight. 

Sunderlinid  Docks. — The  extensive  works  now  in  profjress  fur  the  for- 
mation of  the  new  docks  at  Sunderland  are  proceeding  in  the  most  rapid 
and  successful  manner.  Tlio  sea  has  been  most  eflectivfiy  banked  ont  of 
the  tidal  basin,  and  nearly  the  whole  length  of  the  lar^e  dock  ;  and  there 
is  (he  fullest  confidence  that  this  f;ij;dntic  uudertakint;  will  be  broni;hl  to 
a  successful  completion  witliin  tiie  time  lixed  ;  and,  what  is  still  more  un- 
usual, there  is  a  well-grounded  expectation  that  it  will  be  finished 
considerably  within  the  estimated  cost.  The  works  begin  to  have  a  noble 
appearance,  and  when  finished  will  be  a  magnificent  undertaking.  A 
duck  of  this  magnitude,  gained  from  the  sea  within  the  range  of  the  tides, 
is  an  enterprise  now  proved  to  be  practicable,  and  a  safe  undertaking. 

lilasthifi-  Rocks. — The  Plymnutk  Times  observes:  "The  vast  improvement 
eflected  in  the  mode  of  blasting  liinestone  rock  in  ihis  purt,  within  the  last 
37  years,  is  almost  surpassing  belief.  Last  week,  with  a  charge  of 
1  cvvt,  of  powder,  placed  in  a  iiule  ia  the  rock,  18  feet  deep,  no  less  than 
1,000  tons  of  limesione  rock  were  blasted  at  one  blast,  and  that,  loo, 
without  any  accident  occurring  to  the  man  engaged  in  firing  the  rock.  He 
was  six  hours  engaged  in  the  operation,  and  was  seven  times  pulled  up 
from  the  side  of  the  hole  to  the  top  of  the  quarries,  before  the  fire  took 
effect,  and  this  huge  blast  was  made.'* 

Openinf;  of  R>tiUvaifs.— The  Chester  and  Holjhead  Railway  was,  with 
the  exception  of  3^  mUes  adjoining  the  IMenai  Straits,  opened  on  Tuesday, 
August  1st.,  throughout,  for  goods  and  passenger  traflic. — The  Leeds, 
Dewsbury,  and  Manchester  Railway,  lessening  the  distance  between  the 
former  and  latter  town  10  miles,  was  opened  for  public  trallic  on  the  4th  of 
August. — The  opening  of  the  Uuuen  and  Dieppe  line  took  place  on  Satur- 
day, July  29. — The  Castlecary  branch  of  the  Caledonian  Railway  was 
opened  fnr  public  tradic  on  Monday,  August  7,  thus  completing  the  direct 
line  between  London,  Perth,  Dundee,  Arbroath,  and  Montrose.  The 
express  train  from  Dundee  arrived  at  the  Eustou-square.  terminus  in  15 
hours,  and  from  Arbroath  in  I5f  hours. 

A  Netc  Tnrn-Tuble  has  been  invented  by  Mr.  Turiff,  of  the  Vulcan 
Foundry,  Paisley.  An  engine  and  tender,  weighing  3G  tons,  placed  on 
one  of  the  turn-tables,  can  be  turned  by  two  men  by  means  of  two  wheel- 
pulleys,  with  comparative  ease,  in  about  a  minute  and  a  half,  without  any 
jar.  The  great  advantage  of  tliis  invention  of  Mr.  TurilT's  is,  that  with 
former  turn-tables  there  were  two  frictions,  while  with  this  table  there  is 
only  one  ;  it  is  relieved  by  a  powerful  weight  resting  on  the  cetitre,  which 
contains  four  large  bolts,  that  lift  the  table  from  Hit;  side  rails  beneath. 
The  machinery  is  very  simple,  composed  of  massive  beam^  of  iron,  and 
can  be  worked  by  circular  rollers,  in  cases  of  emergency.  The  turu-table 
itself  is  3G  feet  in  diameter,  weighs  25  tons,  and  sustains  51  tons  revolving 
weight. 

Indurated  Gypsum. — It  is  known  that  calcined  gypsum,  after  being 
moistened  with  a  solution  of  alum  and  again  burnt,  ac^^uires  much  greater 
hardness  and  solidity.  M.  Kreating  recommends  for  the  same  purpose  a 
folution  of  I  lb.  of  borax  in  Ulb.  of  water,  which  is  poured  over  the  cal- 
cined fragments  of  gypsum.  They  are  then  kept  at  a  strong  red  heat  for 
six  hours,  ground  to  a  powder  and  worked.  The  elFect  is  said  to  be  still 
better  if  a  pound  of  tartar  and  twice  the  quantity  of  water  are  added  to 
the  solution. — Liehig's  Annalen* 

Suspension- bridge  at  Niagara  Falls.— The  Albany  Journal  states  that 
the  foot-bridge  at  the  Falls  was  to  be  ready  for  crossing  on  the  4th  of 
July  : — "  It  consists  of  10  cables  ;  the  number  of  strands  in  each  cable, 
600;  ultimate  tension,  6,500  tons;  capacity  of  the  bridge,  500  tons; 
Dumber  of  strands  in  the  ferry  cable,  37  ;  diameter  of  the  rable,  ^ths  of 
an  inch;  height  of  stone  tower,  68  ft.  1  in.;  height  of  wood  tower  for 
ferry,  50  feet;  base  of  tower,  20  square  feet;  size  at  the  lop,  11  square 
feet ;  span  of  the  bridge,  800  feet ;  whole  weight  of  the  bridge,  650  tons  ; 
height  from  the  water,  230  feet;  depth  of  water  under  the  bridge,  250 
feet.  This  suspension  bridge  is  the  most  sublime  work  of  art  on  ihe 
continent.  It  makes  the  head  dizzy  to  look  at  it,  and  yet  it  is  traversed 
with  as  much  security  as  any  other  bridge  of  the  same  width.  We  were 
present  while  the  workmen  were  engaged  in  hanging  the  planks  over  the 
fearful  chasm.  It  looked  like  a  work  of  peril,  but  it  was  prosecuted  with 
entire  safety.  Not  an  accident  has  happened  siuce  the  first  cord  was  car- 
ried across  the  river  at  the  tail  of  a  kite.  It  is  impossible  to  give  the 
reader  a  clear  idea  of  the  grandeur  of  the  work.  Imagine  a  footbridge 
SOO  feel  in  length,  hung  in  the  air,  at  the  height  of  230  feet,  over  a  vast 
body  of  water  rushing  through  a  narrow  gorge  at  the  rate  of  30  miles  an 
hour.  If  you  are  below  it,  it  looks  like  a  strip  of  paper  suspended  by  a 
jobweb." 

Nature's  Gas  Works. — "  An  immense  volume  of  natural  gas,  sufficient 
for  the  supply  of  a  city,  was  discovered  a  few  days  since,  near  Detroit, 
Michigan,  by  the  Messrs.  Granger,  while  boring  a  4-inch  shaft  for  water. 
At  a  depth  of  70  feet  they  struck  a  vein  or  cavity,  from  which  issued  a 
violent  current  of  air,  which  threw  up  stones  as  large  as  hens*  eggs,  10  or 
15  feet  high,  accompanied  by  a  volpme  of  water,  rising  10  or  12  feet.  On 
applying  a  light  to  the  air,  it  burnt  furiously,  the  flame  rising  20  feet.  It 
is  proposed  to  conduct  this  gas  in  pipes  to  Detroit,  and  light  that  city  with 
H/' — New  York  Sun.     [Very  much  like  a  romance.] 


LIST    OF    NE^V    PATENTS, 

GRANTED  IN  ENGLAND  FROM  JuLY  20,  TO  ACGUST  22,  1848. 

Sijp  Months  allowed yor  Enrolment,  unless  otherwise  expreued. 

Chevalier  Alexandre  Edouani  le  Molt,  of  Contluit-street,  Middlesex,  for  certain  "  Ira- 
provementa  in  appamtus  for  lighting  by  electricity,  parts  of  which  may  be  made  UM  ot  In 
other  applications  of  electricity." — Sealed  July  HO, 

Djivid  Napier,  and  James  Murdoch  Napier,  of  York-road,  Lambeth,  engineers,  for 
'*  Improvements  in  mariner's  compasses,  ulso  in  baroraeteis,  and  in  csrtaia  other  m«a- 
Buring  instruments." — July  20. 

William  Thonips,  ol  Cheapside,  London,  merchant,  for  "  Improvements  In  the  manu- 
facture of  stays,  boots,  and  shoes,  also  in  fastening  and  connecting  fabrics  and  garments." 
— Jnly'J'i. 

John  King,  foreman  to  Messrs.  Shears  and  Sods,  Banksida,  and  Henry  Medharst, 
operative  engineer  to  the  said  Messrs.  Shears  and  Eons,  for  "  Improvements  in  gts 
meters."— July  20 

Chailes  Hancock,  of  Brompton,  Middlesex,  gentleman,  for  "  Improvements  in  appara- 
tus tr  machinery  for  giving  shape  and  cunli^uration  to  plastic  substances."— July  'dit. 

John  Grist,  of  the  New  North. road,  Middlesex,  engineer,  for  "  Improvementa  in  ftir- 
naces  and  lire-places."— July  2'J. 

James  Ilobertson,  of  Great  Howard-street,  Liverpool,  Lancashire,  cooper,  for  *•  Im- 
provements in  the  manufacture  ui  casks  and  other  wooden  vessels,  and  in  machinery  tor 
cutting  wood  for  those  purposes."— July  '2'J. 

George  Walter  Pratt,  of  the  city  of  Uochester,  state  of  New  York,  in  the  United  States 
of  America,  gentleman,  for  "  Improvements  in  the  manufacture  of  prjuting-ink.'*—juiy 

Richard  Abbey,  of  Slough,  Buckingham,  brewer,  for  "  Improvements  In  preserving 
fermented  and  other  liquids  and  matters  in  vessels." — July  L'U. 

Edward  Gribben  Wilson,  of  Bury,  Lancashire,  tin-plate  worker,  for  **  certain  Improve- 
ments in  the  coiistruciiun  of  tin  drums  or  rollers  used  in  the  machinery  for  drawing, 
spinning,  doivling,  twisting,  and  throwing  cotton,  wool,  silk,  flax,  and  other  librous  sub- 
stances."— Augubt  1. 

Dune  n  Mackenzie,  of  Goodman's  Fields,  manufacturer,  for  "  certain  Improvements  in 
Jacquard  machinery  for  figuring  fabrics  and  tissues  generally,  and  apparatus  for  trans- 
Hiissiun  of  designs  to  said  Jacquard  machinery,  parts  of  which  are  applicable  to  playing 
musical  uistruinetits,  composing  printing  types,  and  other  like  purposes."  (A  communi- 
cations—August 5. 

David  Newton,  of  Macclesfield,  Chester,  merchant,  for  "  certain  Improvements  In  the 
appliciition  of  glass  and  glazed  surfaces  to  uauticai,  architectural,  and  other  similar  pur* 
pwses."— August  7. 

Samuel  Thnrnton,  of  Birmingham,  merchant,  and  James  Edward  M'Connell,  of  Wol- 
verton,  Buckinghamshire,  engineer,  lor  *'  Improvements  in  steam-engines,  and  In  the 
means  of  retarding  engines  and  carriages  on  railways,  and  in  connecting  railway  carriages 
or  wagons  together  ;  also  improvements  in  etfecting  a  communication  between  on£  part 
of  a  railway  train  and  another,  by  signals  or  otherwise." — August  7. 

John  Medcalfe,  of  Little  Bolton,  Lancaster,  machine  maker,  and  Robert  Halliwell,  of 
the  same  place,  mechanic,  for  "certain  machinery  or  apparatus  for  preparing  and  spin- 
ning cotton  and  other  fibrous  substances." — August  8. 

Moses  Poole,  of  London,  gentleman,  fur  "  Improvements  in  the  manufacture  of  casks 
and  other  simiUr  vessels  of  wood,"     (A  communication.) — August  S. 

Samuel  Lees,  of  the  firm  of  Hannah  Lees  and  Sons,  of  Park-bridge,  Lancaster,  Iron- 
manufacturer,  for  "certain  Improvements  in  the  manufacture  of  malleablu  iron." — 
August  8. 

Joshua  Couch,  of  Harleston,  Northamptonshire,  agricultural  Implement  maker,  for 

"  Improvements  in  sackholders."— August  lu. 

William  Thomas  Henley,  of  Clerkenvvell,  philosophical  instrument  maker,  and  David 
George  Foster,  of  CUrkenwell,  atoresuiil,  metal  merchant,  for  "certain  Improvemects  In 
telegiaphic  communication,  and  in  apparatus  connected  therewith,  parts  of  which  im- 
provements are  also  applicable  to  the  moving  of  other  machines  and  machinery."— 
August  10. 

Samuel  George  Hewitt,  of  Buchanan-street,  Glasgow,  N.B.,  engineer,  for  "  Improve- 
meiUs  in  the  consttuction  ot  certain  parts  ot  railways." — August  11. 

John  Varley,  of  Bury,  Lancaster,  engineer,  for  "certain  Improvements  In  steam-en- 
gines."— August  14. 

James  Henderson,  of  Surrey  Canal  Dock,  millwright,  for  "  Improvements  In  machinery 
for  cleansing  and  polishing  rice,  pearl  barley,  and  other  grain  and  seed."— August  l-i. 

Joseph  Simpson,  of  Manchester,  civil  engineer,  and  James  Alfred  Shipton,  of  the  same 
place,  engineer,  for  "  certain  improvements  in  steam-engines." — August  14. 

Edwin  Thomas  Truman,  of  the  Haymarket,  London,  dentist,  for  an  "  Improved  method 
methods  of  constructing  and  fixing  ariifitial  teeth  and  gumsj  and  of  supplying  deficiencies 
in  the  mouth." — August  15. 

James  Warren,  of  Montague-terrace,  Mile-end-road,  Middlesex,  gentleman,  and  Wll- 
loughby  Theobald  Monzani,  of  bt.  James's-terrace,  Blue  Anchor-road,  Bermondsey,  gen- 
tleman, for  "  Improvements  in  the  construction  ot  bridges,  aqueducts,  and  roofings." — 
August  lit. 

Thomas  Delarue,  of  Bunhill-row,  Middlesex,  manufacturer,  for  "Improvements  In 
producing  ornamental  surfaces  to  paper  and  other  substances." — August  15. 

William  Galloway   and    John   Galloway,  of   Knott-Mill   Iron- Works,   Hulme,  In  tti 
borough  of  Manchester,  and  county  ot  Lancashire,  engineers,  for  "certain  ImprovenuuU 
in  steam-engines." — August  17. 

Moses  Hayin  Picciotto,  of  Finsbury-square,  London,  merchant,  for  "  a  method  or  me- 
thods of  puriiyingand  decolorising  certain  gums."— August  17. 

Thomas  Richardson,  oi  Newcastle-upon-Tyne,  chemist,  for  "Improvements  In  the  con- 
densation of  metallic  lumes,  and  iu  the  manufacture  of  white  lead.'* — August  21. 

William  Young,  of  Queen-street,  Cheapside,  lamp  manufacturer,  for  "  Improvement« 
in  closing  spirit  and  other  cans  or  vessels." — August  21. 

Isaac  Taylor,  of  Stanford  Rivers,  Essex,  gentleman,  for  "  Improvements  In  prepartng 
and  engravmg  surfaces,  also  in  the  construction  ot  cylinders  adapted  for  engraving,  and 
also  in  machinery  lor  printing  and  ornamenting  surfaces." — August  21. 

Richard  Shaw,  of  Gold's  Green,  West  Bromwich,  in  the  county  of  Stafford,  raltway-lmr 
finisher,  for  "Improvements  lu  the  manufacture  ot  iron  into  tyre-bars,  rouud-twra, 
square  bars,  and  fiat-bars,  T-iron,  angle-iron,  and  trough-iron." — August  21. 

John  Bethell,  of  Parliament-street,  Westminster,  gentleman,  for  "  Improvements  In 
preserving  animal  and  vegetable  substances,  and  also  stone,  chalk,  and  plaster,  from 
decay." — August  2t. 

Alexander  Angus  Croll,  of  the  Gas  works,  Tottenham,  for  "  Improvements  In  t&« 
manufacture  of  gas,  and  in  apparatus  to  be  used  in  transmitting  gas." — August  22. 

Atonzo  Buonaparte  Woodcock,  of  Manchester,  lor  "  Improvements  In  steam -engloefl, 
and  in  apparatus  for  raising,  forcing,  and  conveying  water  and  other  fluids."— AugUAi  23, 
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STEAM  PILE-DRIVER. 

(  With  an  Engraving,  Plate  XII.) 
Patented  hy  Mr.  James  Nasmyth,  and  Manufactured  hji  Messrs. 
Nasmyth,  Gaskell,  and  Co,  of  tha  Bridgewater  Foundry,  Patricroft, 
near  Manchester. 

Public  works  are  acquiring  such  magnitude  even  in  their  details, 
and  their  several  parts  are  so  numerous,  tliat  they  are  constantly 
making  greater  requirements  on  the  resources  of  mechanical  en- 
gineering. It  has  been  a  matter  of  dispute  frequently  whether  a 
particular  class  of  woi'ks  belonged  to  the  architect  or  the  civil 
engineer  ;  and  Professor  Hosking  goes  the  length  of  claiming  the 
whole  domain  of  civil  engineering  as  belonging  to  architecture. 
Others  may  now  come  forward  and  claim  many  of  these  works  as 
the  province  of  mechanical  engineering.  Tlius,  a  still  greater 
tendency  to  the  separation  of  the  professions  of  the  arcliitect  and 
engineer  is  created.  The  tubular  biidges  over  the  Conway  and 
the  Menai,  the  High  Level  Bridge  at  Newcastle,  iron  and  screw  pile 
lighthouses,  and  suspension-bridges,  are  more  the  production  of 
the  mechanical  engineer  than  of  the  architect.  As  a  specimen,  we 
gave  in  our  August  number  an  account  of  the  ingenious  patent 
Jacquard  machine,  invented  by  Mr.  Roberts,  for  punching  the 
plates  of  the  tubular  bridge  at  Conway,  for  the  purpose  of  saving 
time  and  labour;  and  in  our  present  number  we  publish  the  en- 
gravings of  another  powerful  machine,  invented  by  Mr.  James 
Nasmyth,  for  driving  piles  by  the  aid  of  steam,  and  which  has  been 
used  with  great  success  in  the  construction  of  the  High  Level 
Bridge  at  Newcastle,  the  Docks  at  Plymouth,  and  other  works  of 
magnitude.  It  is  gi-atifying  to  see  this  mutual  aid  of  civil  and 
mechanical  engineering,  for  it  is  this  combination  of  talent  wliich 
is  best  calculated  to  elevate  the  character  of  both  branches  of  the 
profession,  and  to  extend  their  application.  Whatever  mechani- 
cal processes  diminish  the  cost  of  production,  whether  of  a  railway 
or  of  a  pin,  contribute  to  increased  use ;  and  we  look  forward  to  a 
great  reduction  in  r<iilway  expenditure  finim  the  progress  of  im- 
provement, and  consequently  to  an  extension  of  the  system  under 
circumstances  where,  from  considerations  of  economy,  its  applica- 
tion is  not  now  contemplated. 

Any  consideration  of  the  great  works  of  civil  engineering,  even 
in  such  a  case  as  the  Eddystone  Lightliouse,  will  show  how  much 
depends  on  overcoming  the  mechanical  obstacles  which  stand  in  the 
way.  Time  is  money,  and  money  again  often  saves  time ;  and  a 
due  attention  to  these  points  enables  an  engineer  to  execute  his 
works  cheaply  and  well.  At  the  present  time,  a  great  deal  depends 
upon  the  rapid  and  economical  prosecution  of  works,  and  it  be- 
comes doubly  important  to  call  in  the  aid  of  mechanical  science 
wherever,  as  in  the  cases  already  named,  it  promises  to  do  the 
Fork  more  efficiently  and  more  economically. 

The  merits  of  the  steam  pile-driver  now  before  us  consist, 
in  the  first  place,  in  the  direct  manner  in  which  the  clastic 
force  of  steam  is  employed  as  the  agent  by  which  the  "  monkey" 
(or  block  of  iron  whicli  strikes  the  head  of  the  pile)  is  lifted 
to  the  height  requisite  for  that  purpose.  Secondly,  in  the 
very  peculiar  and  original  manner  in  which  the  pile  itself  is 
made  to  act  as  the  only  suppin-t  for  the  active  or  blow-giving 
portion  of  the  apparatus  ;  by  which  arrangement,  the  entire 
dead  weight  of  the  apparatus  in  question  is  turned  to  most  im- 
portant account  as  a  '■'■persuader,"  to  assist  the  pile  in  sinking 
into  the  ground  when  in  the  act  of  being  driven  :  this  dead  weight 
also  acting  verv  importantly  as  an  anti-recoil  agent,  so  far  as  its 
entire  weight  (three  tons)  can  accomplish  that  object.— Thirdly, 
in  the  peculiar  manner  in  which  the  pile-driving  part  of  the  ap- 
paratus is  permitted  to  sink  down  along  with  the  pile,  and  guide 
it  in  its  descent,  so  as  to  remove  aU  chance  of  the  pile  twisting,  or 
in  any  respect  swerving  from  the  true  position  given  to  it  at  the 
commencement  of  the  operation  of  driving. — Fourthly,  in  the 
peculiar  manner  in  which  a  vast  increased  degree  of  energy  is 
given  to  the  blows  of  the  monkey  beyond  that  which  is  due  to 'the 
height  through  which  it  falls. 

The  engraving  exliibits  an  arrangement  of  the  "  Patent  Steam 
Pile-Driver,"  for  driving  two  piles  in  two  continuous  lines,  without 
the  necessity  of  a  previously-existing  gangway,  the  machine  mak- 
ing its  own  way  as  it  is  moved  forward.  Fig.  1  is  a  side  elevation  ; 
fig.  2,  a  section  on  a  6 ;  fig.  3,  front  elevation ;  fig,  4  a  plan, 
showing  the  engine  and  platform ;  fig.  5,  a  plan  of  the  timbers 
whicli  carry  the  platform  and  saws ;  and  figs.  6  and  7,  enlarged 
views  of  the  steam-cylinder  and  driving-hammer. 

The  apparatus  and  machinery  consist  of  the  following  parts  : — 

Firstly,  the  steam-boiler.  A,  similar  to  a  locomotive-boiler,  with 
steam-chest  on  the  top.     This  boiler  stands  upon  a  platform  B, 
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supported  on  iron  wheels  b,  running  on  iron  rails  b\  placed  on 
balks  of  timber  ft',  fixed  on  to  the  top  of  the  piles  as  they  are 
driven;  and  vertical  guide-posts  C  C,  with  pulleys,  cc,c^c',  on 
the  top. 

Secondly,  a  small  steam-engine  D,  placed  horizontally  in  the 
centre  of  the  platform,  with  connecting-rod  d,  driving  a  crank  d', 
and  pinion  d-,  on  the  crank-shaft,  that  takes  into  a  cog-wheel  e, 
fixed  on  one  end  of  a  shaft  E,  with  pinion  e'  on  the  other  end 
that  takes  into  another  cog-wheel  /,  fixed  on  the  long  shaft  F, 
upon  which  are  fixed  two  pinion-wheels/',/',  that  take  into  cog- 
wheels/-'/-,  fixed  on  the  axles  of  two  spiral-fluted  harrehp  f\ 
upon  which  are  coiled  the  chains/^/',  for  lifting  the  steam-pile, 
driving-cylinder,  and  hammer.  Upon  the  ends  of  the  shaft  D,  are 
two  smaller  barrels  G,  for  tlie  ropes  or  chains  g^  to  lift  the  piles  into 
their  places. 

Thirdly,  the  pile-driving  apparatus,  consisting  of  a  cylinder 
H,  with  its  piston-rod  passing  out  at  the  bottom,  and  directly  at^ 
tached  to  a  block  of  iron  or  monkey  I  (weighing  about  35  cwt.), 
placed  inside  of  a  square  wrought-iron  case  J,  which  acts  as  a  guide 
to  the  hammer  in  its  rising  or  falling,  and  rests  upon  the  shoulder 
of  the  pile  K  at  Jj;  and  at  the  same  time,  grasps  the  neck  and 
shoulders  of  the  pile  with  great  tightness,  so  that  it  cannot  twist 
or  swerve  from  tlie  position  which  the  vertical  guide-posts  C 
give  to  the  case  J,  and  which  is  clamped  to  the  posts  by  the 
sliding-clanips  j^  j'.  L,  L,  are  steam-pipes  from  the  top  of  the 
boiler  A,  to  the  pile-driving  cylinder  H,  jointed  togetlier  by  swivel 
joints  of  cast-iron. 

Fourthly,  horizontal  saws  M,  M,  fixed  on  to  the  underside  of 
the  platform,  for  cutting  olf,  to  a  level  surface,  the  lieads  of  the 
piles  as  they  are  driven.  The  saws  are  worked  by  the  bevel 
gearing  m,  fixed  on  to  the  middle  shaft,  E. 

With  respect  to  the  action  of  this  machine,  in  order  to  describe 
it  with  clearness,  we  shall  suppose  that  the  pile-driving  part  of 
the  apparatus  seen  in  fig.  1,  and  enlarged  view  figs.  6  and  7,  marked 
H,  I,  J,  has  been  wound  up  by  tlie  small  engine  D,  and  the  gearing 
F,  and  let  down  upon  the  shoulders  of  the  pile  K,  and  the  steam 
admitted  under  the  piston  in  the  cylinder  H,  by  means  of  the  jointed 
wrought-iron  pipes  L,  L,  L,  wliich  serve  to  convey  the  steam  from 
the  boiler  A  to  the  cylinder  H,  at  whatsoever  height  the  cylinder 
may  he  at  in  respect  to  the  boiler.  The  steam  being  let  in  under 
the  piston,  the  ste.im-hammer  action  is  commenced,  and  the 
35-cwt.  block  I,  is  made  to  give  75  to  80  blows  per  minute  with  a 
fall  of  3  feet,  upon  the  liead  of  tlie  pile,  with  such  earnest  energy 
as  to  cause  the  pile  to  sink  into  the  soil  at  an  average  rate  of 
from  5  to  10  feet  per  minute  (according  to  the  nature  of  the 
soil).  As  each  blow  is  given,  the  apparatus  H,  I,  J,  follows  down 
along  with  the  pile,  as  tlie  shoulders  of  the  pile  are  the  only  means 
of  support  to  H,  I,  J,  and  they  are  therefore  free  to  slide  down 
the  face  of  the  vertical  pole  C,  the  instant  a  blow  is  given  to  the 
pile-head  and  drives  it  down  ;  and  this  action  is  so  rapid,  that  the 
eye  can  scarcely  appreciate  the  interval.  The  jointed  steam-pipe 
at  the  same  time  accomodates  itself  to  every  new  position  which 
the  sinking  pile  causes  the  driving-apparatus  to  assume.  For  the 
purpose  of  opening  and  closing  the  steam-valve,  there  is  a  small 
inclined  plane  on  the  hammer-block,  inside  the  case,  which  coming 
in  contact  with  the  end  of  a  small  lever  passing  through  an  open- 
ing in  the  side  of  the  case  J,  shown  in  figs.  6  and  7,  causes  the 
valve  in  the  valve-box  (cast  on  the  steam-cylinder  H)  to  open  and 
shut.  When  the  steam  has  raised  the  piston  to  its  proper  height, 
the  steam-valve,  by  the  action  of  this  lever,  is  closed,  and  an 
outlet-valve  opened,  which  allows  the  steam  to  blow  out  into  the 
air  and  the  Iiamiiier-block  to  descend. 

As  soon  as  the  pile  is  driven  to  the  required  depth,  the  apparatus 
is  again  wound  up  by  the  small  engine  D  ;  and  the  next  following 
pile  K',  whicli  may  have  been  in  the  mean  time  hoisted  by  the 
engine  D  and  gearing  G,  ready  for  driving  (as  seen  in  fig.  1),  is 
then  "  pitched"  or  placed  in  its  proper  situation.  The  locomotive 
gear  is  then  put  in  motion,  and  the  apparatus  lowered  down  on  to 
the  shoulders  of  the  pile  in  question.  The  hoisting-chain  f,  is 
tlien  let  free,  so  that  the  apparatus  may  be  free  to  rest  on  the 
shoulders  of  the  pile,  and  follow  down  along  with  it  as  before. 
The  steaiji  is  now  again  let  into  the  cylinder  H,  and  the  driving 
proceeded  with  as  before.  The  ease  and  dispatcli  with  which  the 
entire  process  is  proceed  with  requires  to  be  seen  to  be  duly  appre- 
ciated. Piles  have  been  driven  by  this  machine  into  descriptions 
of  soils  and  under  circumstancen  which  would  ha\'e  put  all  the  at- 
tempts of  the  ordinary  pile-driving  machines  at  utter  defiance. 

It  may  be  proper  to  observe,  that  notwithstanding  the  energetic 
blows  which  this  maehine  showers  down  on  the  heads  of  the  pUes,  in 
consequence  of  these  blows  being  given  by  so  massive  a  hammer  as 
35  cwt.,  and  at  the  moderate  velocity  acquired  by  a  fall  of  only 
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3  feet,  they  do  not  tlie  slightest  damage  to  the  pile-head:  so  niurh 
is  this  the  case,  that  the  pile-heads  have  actually  a  neater  appear- 
ance after  beiii^f  driven  than  before. 

In  respect  to  the  means  employed  for  giving  to  the  blow  of  the 
monkey  a  greater  degree  of  energy  than  such  as  would  lie  due  to 
its  fall  through  3  feet,  this  object  is  accomplished  by  having  the 
top  of  the  cylinder  II  made  air-tight,  and  by  having  a  set  of 
openings  at  h.  The  instant  the  piston  passes  these  openings  in 
its  upward  action,  all  further  motion  in  that  direction  is  termi- 
nated by  the  compression  of  the  air  then  confined  in  the  space 
between  the  top  of  the  piston  and  under-side  of  the  cylinder 
cover ;  which  compressed  air,  on  recoiling,  adds  to  the  force  of 
the  blow  all  the  energy  it  would  have  ac(iuired  by  falling  from  the 
height  to  which  the  monkey  would  have  been  carried  by  the  mo- 
mentum given  to  it  in  the  upward  direction  by  the  lifting  action 
of  the  steam  acting  on  the  under-side  of  the  piston. 

We  have  much  pleasure  in  appending  to  our  description  a  copy 
of  a  certificate  by  Mr.  Stephenson. 

"Nasmyth's  Steam  Pile-Driving  Machine  has  for  some  time  past 
been  employed  in  piling  the  foundations  of  the  High  Level  Bridge 
at  Newcastle-upon-Tyne,  and  at  the  Viaduct  over  the  river  Tweed, 
near  Berwick.  Its  operation  has  been  triumphantly  successful. 
Piles  have  been  driven  with  great  economy  and  remarkable  dis- 
patch, where  the  ordinary  methods  would  have  entirely  failed. 

"  I  consider  this  machine  to  be  one  of  the  most  valuable  and  im- 
portant auxiliaries  which  have  recently  been  invented  for  the  con- 
struction of  engineering  works. 

Robert  Stephenson. 

24,  Great  George-street,  Westminster, 
May%  1848." 


CANDIDUS'S    NOTE-BOOK, 
FASCICULUS  LXXXVI. 

"  I  must  have  liberty 
Withal,  as  large  a  charter  as  the  winds, 
To  blow  on  whom  I  please." 

I.  The  lately-opened  Catholic  Cathedral  of  St.  George's  does 
not  say  very  much  for  Mr.  Pugin's  artistic  talent  and  taste.  Sa- 
tisfactory as  are  many  of  the  separate  parts  and  ornaments  when 
considered  merely  by  themselves,  just  as  articles  of  furniture  are 
looked  at  and  examined  in  a  show-room  where  they  are  exposed 
for  sale, — they  are  there  brought  together  without  any  regard  to 
artistic  keeping  and  effect.  The  consequence  of  which  is,  they  do 
not  serve  to  set  each  other  off'  to  advantage  ;  but,  on  the  contrary, 
there  is  much  that  is  quite  at  variance  with  all  the  rest.  We  see 
a  collection  of  studies  of  various  ornamental  details,  and  other 
mere  matirial  of  design,  but  we  miss  a  well-studied  and  consistent 
whole.  The  most  o])posite  and  conflicting  sorts  of  architectural 
character  are  brought  into  contact  with  each  other.  Barn  and 
ball-room  are  strangely  mixed-up  together.  In  the  chancel,  and 
the  two  chapels  at  that  end  of  the  church,  decoration  is  not  only 
carried  to  such  extent  as  to  cause  all  the  rest  to  look  unusually 
cold  and  bare,  but  fails  to  produce  the  amount  of  richness  aimed 
at.  When  added  u]i,  the  total  does  not  answer  to  the  value  of 
the  several  items  as  taken  by  themselves. 

II.  In  architecture,  incapacity  for  producing  new  ideas  shelters 
itself  under  the  plausible  pretence  of  a  reverential  regard  for  old 
ones.  Because  excellent  ideas  have  been  produced  before  our 
time,  we  are  told  that  we  have  no  occasion  for  any  of  our  own.  Aught 
that  partakes  of  innovation  is  set  down  as  both  unorthodox  and 
dangerous ;  which  is  assuredly  most  comfortable  doctrine — highly 
convenient,  and  therefore  comfortable,  because  merely  to  copy  is 
easy  and  safe  ;  whereas,  to  attempt  to  emulate  is  a  difficult  as  well 
as  a  doubtful  matter.  We  do  well,  therefore,  to  protest  against  inno- 
vation— that  is,  f(u-  ourselves,  since  those  whom  weprofess  to  look  up 
to  and  admire,  were  in  their  day  very  gross  inno\ators  :  by  gross,  I 
mean  wholesale  innovators.  The  history  of  the  art  shows  a  series 
of  innovations  from  first  to  last;  that  "last" — finale  and  conclu- 
sion of  it  as  a  creati\e  art,  seems  to  have  been  already  reached  ;  and 
all  that  is  now  left  for  us  is  merely  to  repeat,  perchance  to  mimic, 
what  has  been  d<uie  before.  Whatever  may  be  the  case  with  the 
twentieth,  the  nineteenth  century  will  not  shine  in  the  history  of 
architecture  ;  or  if  it  is  to  do  so,  it  must  now  set  about  it  in  earnest, 
for  half  its  time  is  already  gone.  Bad  or  good,  the  Elizabethan 
period  had  a  distinct  architectural  character  of  its  own ;  whereas. 


the  present  Victorian  one  has  none,  but  is  "  everything  by  turns," 
of  most  chamelion  quality,  but  without  any  distinct,  self-acquired, 
character.  The  present  age  is  content  with  merely  making  use 
of  those  hoards  of  art  which  its  more  industrious  predecessors 
wrought  out  and  accumulated.  Satisfied  w  ith  being  able  to  live 
upon  the  interest,  we  do  not  seek  to  improve  the  capital.  In  fact, 
to  such  a  pass  has  architecture  been  brought,  that  further  progress 
for  it  in  any  direction  is  impossible,  so  long  as  we  persist  in  our 
present  perverse  views  of  it — of  its  nature  and  powers  as  a  fine 
art.  No  matter  what  style  we  take  up,  we  treat  and  are  expected 
to  treat  it  literally — to  adhere  to  it  servilely,  instead  of  being 
allowed  to  infuse  any  fresh  ideas  into  it,  or  even,  by  varying 
its  toiininre,  to  adapt  it  to  greatly-altered  purposes  and  occasions. 
Provided  the  separate  features  and  details  be  but  correctly  copied 
from  those  in  former  buildings,  we  are  quite  satisfied,  though  the 
structure  so  compounded  be  full  of  incongruities  as  a  whole, — 
prosaic  and  unartistic. 

III.  One  consequence  of  the  present  rage  for  the  merest  copyism 
is,  that  we  ourselves  produce  no  structures  that  will  deserve  to  be 
studied  hereafter  as  original  models  and  architectural  records  of  the 
age  in  which  they  were  erected.  Even  our  most  monumental  edifices 
will  not  be  monuments  of  our  own  time, — of  our  own  ideas  moulding 
and  organising  the  fabrics  we  rear.  Future  antiquaries  will  be 
greatly  puzzled  some  centuries  hence,  to  determine  dates  from  the 
styles  which  buildings  exhiliit.  At  any  rate,  they  will  set  down  this 
nineteenth  century  as  that  in  which  architectural  talent  displayed 
itself  chiefly  in  mimicry  and  masquerade.  This  is  what  is  not 
]iarticularly  pleasant  to  contemplate,  though  it  is  what  we  have  to 
thank  the  jiresent  race  of  antiquaries  for,  and  others  whose 
opinions  and  influence  as  employers  control  the  free-agency  of 
architects,  who,  whatever  they  might  have  done  by  timely  resistance 
to  such  domineering  dictation,  can  hardly  help  themselves  now. 
They  have  suffered  their  necks  to  be  put  into  the  yoke;  so,  however 
hard  it  may  be  to  bear,  they  must  now  endure  it  with  what 
patience  they  can.  All  that  we  can  look  forward  to,  is  to  its  being 
shaken  off  by  some  bold  and  independent  spirit,  gifted  not  with 
genius  only,  but  with  the  opportunity  of  manifesting  it  decidedly, 
however  it  may  run  counter  to  the  minikin  theory  and  doctrine 
of  established  rules.  But  as  miracles  are  not  to  be  looked  for  and 
calculated  upon  like  the  return  of  comets,  we  cannot  with  any 
sort  of  reason  look  forward  to  such  event.  N.iy,  instead  of  being 
looked  forward  to  with  anxious  hope,  even  the  possibility  of  its 
occurring  is  contemplated  with  real  apprehension  by  many,  who 
accordingly  deprecate  most  earnestly  what  they  are  pleased  to 
call  "tampering"  with  existing  styles.  Incapable  of  forming  a 
valid  judgment,  they  take  refuge  in  prejudice.  By  their  croaking 
cry  of  "rash" — "absurd" — "extravagant" — "chimerical!"  they 
endeavour  to  intimidate  ;  and  by  denouncing  before-hand  all  aim 
at  originalit)',  and  every  deviation  from  ordinary  custom  and  rule, 
seek  to  insure  the  accomplishment  of  their  ill-omened  predictions. 
The  merely  aiming  at  it  does  not  insure  success  in  achieving  origi- 
nality ;  but  if,  instead  of  being  aimed  at,  it  is  sedulously  shunned, 
it  will  never  be  achieved  by  any  one  ;  and  were  there  no  possibility 
of  failing,  there  would  be  no  particular  honour  gained  by  succeed- 
ing. Many  act  most  discreetly  in  not  attempting  to  signalise 
themselves  and  their  works  at  all  by  any  unborrowed  ideas — by 
which  are  to  be  understood  not  mere  fancies  for  which  they  can 
assign  no  sufficient  reason  even  to  themselves,  much  less  to  any  one 
else,  but  ideas  that  have  germinated,  have  been  meditated  upon  and 
matured,  in  their  own  minds.  In  not  attempting  or  affecting  to  do 
what  they  are  conscious  lies  far  beyond  their  power  of  reach,  such 
persons  manifest  their  prudence  ;  it  is,  on  the  contrary,  only  dog- 
matical presumption,  when  measuring  the  powers  and  abilities  of 
others  by  their  own,  they  pronounce  that  which  is  to  themselves 
impossible  to  be  equally  impossible  to  every  one  and  all.  Rather 
ought  they,  if  at  all  sincere  in  the  regard  they  profess  for  the 
interests  of  architecture  and  its  advancement,  to  welcome  the 
doctrine  of  its  being  possible  to  enlarge  the  present  boundaries 
of  the  art  almost  indefinitely.  How  far  he  as  an  individual  can 
contribute  to  such  ])rogress  and  amplification,  must  be  left  to  each 
individual  to  decide  for  himself.  'I'hose  who  feel  no  impulse  from 
M'ithin,  may  be  left  to  jog  on  as  they  can  secunilum  nrtrm — that  is, 
ploddingly  and  mechanically :  but  they  have  no  right  to  prescribe 
the  same  limits  to  others.  As  matters  are  managed  at  present,  a 
prohibition  is  actually  laid  upon  original  genius,  it  being  demanded 
of  it  that  it  should  forego  its  very  nature,  and  exercise  itself  only 
in  the  same  track  of  ideas  as  has  been  previously  trodden :  in 
other  words,  it  must  conform  to  routine.  A  good  deal  has  been 
argued  about  the  Emancipation  of  Woman ;  I  wish  somebody  be- 
sides myself,  and  of  far  greater  authority  and  influence,  would 
stand  up  boldly  for  the  Emancipation  of  the  Architect,  who  is  at 
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present  fettered  by  prejudices — in  reality  the  merest  cobwebs,  but 
twisted  together  till  they  become  as  bulky  as  cables.  If  my  views  and 
opinions  are  erroneous,  let  them  be  opposed;  yet  no  one  it  seems 
cares  either  to  oppose  or  to  second  me.  Well  !  if  I  am  not 
flattered,  even  by  contradiction,  neither  am  I  discouraged.  Happy 
are  those  who  expect  nothing,  for  they  shall  not  be  disappointed; 
and  that  state  of  beatitude  is  mine. 

II.  As  it  is  now  too  late  to  protest  against  the  barbarism  of 
stripping  the  Quadrant  of  its  colonnades — and  they  have  assuredly 
contributed  not  a  little  to  the  architectural  character  of  Regent- 
street,  the  Quadrant  being  by  far  the  most  scenic  part  of  the  whole 
line, — let  us  hope  that  the  columns  themselves  will  be  preserved, 
that  is,  re-erected,  so  as  to  form  some  ornamental  structure  else- 
where,— on  some  spot  where  they  will  not  give  any  umbrage  to 
shops  and  shop-keepers — and  the  latter  show  themselves  to  be  some- 
what unreasonable,  because  it  was  they  who  came  to  the  colonnades, 
and  not  the  colonnades  to  them.  Their  removal  would  be  less 
matter  of  regret,  were  we  but  assured  that  the  columns  would  now 
be  so  applied,  that  ample  amends  would  be  made  to  us  for  what  we 
shall  lose  in  Regent-street.  If  no  better  and  more  utilitarian  pur- 
pose can  be  suggested  for  them,  they  might  be  employed  to  form  an 
open  screen  of  two  lines  of  columns,  inclosing  the  court-yard  in  front 
of  the  British  Museum.  Sir  Robert  Smirke's  building  itself  would 
gain  materiallythereby,  inasmuch  as  it  would  be  seen  from  the  street 
very  pietures<iuely  through  the  range  of  Doric  columns  in  front, 
which  being,  besides,  on  a  lesser  scale,  would  serve  to  give  greater 
importance  to  the  Ionic  colonnades  behind.  To  the  very  excellent 
suggestion  here  volunteered,  it  will  be  objected — and  objections 
are  always  as  cheap  as  suggestions  themselves — that  the  Quadrant 
columns  are  only  Roman-Doric,  while  the  facade  of  the  Museum 
is  pure  Greek-Ionic  That  ultra-Grecianism  is  affected  for  it, 
is  not  to  be  denied ;  but  there  is  even  now  a  great  deal  in  the 
general  design  that  is  anything  but  pure  Greek  in  physiognomy. 
Neither  the  wings,  with  their  homely  and  ordinary  house  look, 
nor  the  two  little  bits  between  them  and  the  main  building,  would 
be  able  to  reproach  the  Quadrant  columns  with  being  too  undigni- 
fied and  unclassical  to  bear  them  company.  Still,  one  thing  may 
be  confidently  predicted  :  I  therefore  prophecy  that  my  idea  will 
not  be  adopted,  nor  even  so  much  as  taken  into  consideration. 
Happy  the  prophet  whose  predictions  are  sure  to  be  verified,  and 
such  state  of  beatitude,  I  repeat,  is  mine. 


THE  NATIONAL  GALLERY. 

Whatever  general  truth  there  may  be  in  the  paragraph  which 
appeared  in  last  month's  Art-Journal,  informing  us  that  the  present 
National  Gallery  is  to  undergo  extensive  alteration  by  Mr.  Barry, 
its  correctness  as  to  particulars  may  be  questioned.  AVhat  seems 
to  vouch  for  such  piece  of  intelligence  being  more  than  a  mere 
vague,  unauthorised  report,  is  the  express  statement  of  the  sum 
to  be  expended — viz.  £50,000  ;  to  which  the  architect  is  to  be 
limited.  And  for  that  the  entire  facade  is  to  be  altered,  and 
another  story  added  to  the  building.  How  the  latter  can  be  ac- 
complished without  destroying  the  lantern  lights  in  all  the  rooms 
now  constituting  the  upper-floor,  puzzles  both  ourselves  and 
others  to  conceive.  There  appears  to  be  no  other  alternative  or 
mode  of  alteration  in  that  case,  than  that  of  lighting  the  pre- 
sent rooms  from  their  sides,  or  rather  their  two  ends,  in  the  front 
and  back  of  the  building ;  which  would  hardly  be  any  improve- 
ment as  far  as  they  are  concerned,  nor  perhaps  much,  if  any  at 
all,  to  the  exterior. 

It  has  all  along  been  the  fashion — we  can  call  it  nothing  else — to 
decry  and  abuse  the  National  Gallery,  more  especially  its  facade, 
as  if  that  were  not  merely  the  chief,  but  the  sole  disfigurement 
of  Trafalgar-square, — as  if  St.  Martin's  Church,  and  tlie  other 
buildings  on  the  east  and  west  sides  of  the  "  Square,"  were  abso- 
lute paragons  of  architectural  taste  and  excellence.  Even  those 
who  affect  excessive  admiration  for  the  "  Church,"  affect  to  be 
scandalised  at  Wilkins's  facade  of  the  "  Gallery. '  Ask  them, 
why  ?  and  they  soar  upwards — fly  into  a  towering  passion, — and 
from  that  altitude,  look  down  upon  you  with  scorn  most  supreme. 
Even  that  lump  of  architectural  cockneyism  and  dulness,  the 
"  College  of  Physicians  and  Union  Club-house,"  if  it  does  not 
obtain  admiration,  at  least  escapes  censure,  which  is  levelled 
exclusively  against  that  scape-goat  of  Trafalgar-square,  the 
National  Gallery.  However,  the  latter  is  to  become  a  "  Deformed 
Transformed  ;"  and  poor  St.  Martin  will  need  the  whole  of  his 
cloak  to  spread  over  and  shelter  the  insignificance  of  his  Church. 


As  to  one  material  point  connected  with  the  purposed  alteration 
we  are  left  in  entire  doubt,  not  being  informed  whether  the  whole 
of  the  additional  story  is  to  be  appro])riated  to  the  "  Gallery,"  or 
the  portion  of  it  at  the  east-end  of  the  plan,  bestowed  upon  the 
Royal  Academy. 

Whatever  may  be  done  to  it,  the  building  can  never,  in  our 
opinion,  be  rendered  adequate  to  the  now  greatly-increased,  and 
henceforth  likely  to  become  still  greater,  requirements  for  the 
national  collection  of  pictures,  unless  the  whole  of  it  be  given  up 
to  the  "  Gallery,"  and  the  Academy  turned  out  to  provide  for 
itself  elsewhere.  For  exhibition  rooms,  the  Academy  needs  only 
longitudinal  extent  of  plan  at  the  rear  of  a  very  moderate-sized 
front  towards  the  street,  for  the  walls  being  invariably  covered 
from  top  to  bottom  with  pictures,  the  rooms  themselves  might  be 
of  the  very  plainest  description, — both  in  construction  and  ap- 
pearance not  at  all  superior  to  ordinary  show-rooms,  auction- 
rooms,  and  similar  places.  Therefore,  if  the  space  now  required 
for  the  "  Gallery  "  demands  it,  we  should  say,  turn  the  Academy 
adrift  to  shift  for  itself.  It  does  not  throw  open  its  doors  gra- 
tuitously to  the  public :  w  hy  then  should  it  e.xpect  to  be  in  any 
way  supported  by  the  public, — or,  what  is  just  the  same  thing,  by 
government .'  At  any  rate,  there  is  no  necessity  for  the  Academy's 
continuing  to  occupy  so  considerable  a  portion  as  it  does  of  the 
building  in  Trafalgar- square,  now  that  the  whole  of  it  is  required 
for  the  national  collection  of  pictures. 

The  paragraph  in  the  Art-Journal  does  not  speak  at  all  doubt- 
ingly,  as  of  rumour  that  requires  confirmation;  therefore,  unless  it 
should  be  contradicted,  we  may  presume  that  thei'e  really  exists  a 
definite  intention  of  enlarging  and  otherwise  altering  Wilkins's 
edifice  ;  and  that,  consequently,  government  do  not  entertain  any 
idea  of  erecting  a  new  National  Gallery,  as  has  been  talked  of  by 
many,  and  by  some  fully  expected.  There  have  been  various 
rumours  on  the  subject,  one  of  them  being  that  a  structure 
for  the  pupose  was  to  be  built  upon  the  inclosed  area  in 
Leicester-square.  In  what  is  now  stated,  there  is  far  more  of 
probability  and  likelihood,  although  the  Art-Journal  speaks 
only  upon  a  "  we  understand."  Let  it  be  based  upon  what  it 
may,  that  "  understanding"  assumes  some  degree  of  shape  and 
colour,  several  particulars  being  distinctly  touched  upon.  Mr. 
Barry's  design  has  been  "  submitted  to  the  proper  authorities," 
and  not  only  approved  of,  but,  as  it  would  seem,  actually  deter- 
mined upon  before  the  public  were  aware  that  anything  of  the 
kind  was  in  contemplation.  It  is  not,  indeed,  very  easy  to  recon- 
cile this  with  what  is  said  in  another  page  of  the  same  publication, 
where  we  are  told  that  IMr.  Pennethorne  being  directed  to  examine 
the  lower  rooms  of  the  present  Gallery,  with  a  view  to  the  Vernon 
Collection  being  deposited  there,  reported  their  total  unfitness  for 
such  purpose,  and  recommended  that  a  plain  temporary  building, 
calculated  to  last  about  a  dozen  years,  should  be  erected,  and  that 
in  the  interim  parliament  should  make  an  annual  grant  of  from 
£15,000  to  i.'20,000  for  a  permanent  edifice.  One  tale  contradicts 
the  other  :  either  Mr.  Barry's  design,  or  Mr.  Pennethorne's  sug- 
gestion, is  thrown  out.  If  there  is  to  be  a  new  building  in  some 
other  situation,  the  present  Gallery  will  remain  untouched ;  and 
vice  versa,  if  the  latter  is  to  be  greatly  enlarged,  and  to  have 
£50,000  expended  upon  it,  another  structure  will  not  be  erected. 
Between  the  two  schemes  lies  doubt :  error  there  is  as  to  one  of 
them,  and  error  there  may  be  as  to  both.  Still,  something  appears 
to  be  in  agitation  or  contemplation ;  therefoi'e,  it  is  not  at  all 
amiss  that  public  attention  should  be  directed  to  it  at  an  early 
stage  of  proceedings. 

Most  may  be  of  opinion,  and  some  are  or  have  been  in  full  ex- 
pectation, that  let  be  done  whatever  might — whether  a  new 
National  Gallery  is  to  be  built,  or  the  present  building  enlarged, 
the  work  would,  like  the  "  Houses  of  Parliament,"  be  made  the 
subject  of  competition.  The  occasion  itself  is  a  public  one,  and 
of  a  kind  to  exercise  talent  in  no  ordinary  degree  ;  a  structure 
for  the  purpose  being  something  altogether  sui  generis.  Of  almost 
every  other  kind  of  buildings  the  examples  and  instances  are  so 
numerous,  that  general  conventional  ideas  may  be  taken  from 
them  ;  but  with  respect  to  Picture  Galleries  the  case  is  quite 
different.  For  them  there  are  no  models;  neither  have  any 
studies  been  provided,  or  aught  of  any  moment  on  the  subject 
been  written  and  published.  Some  of  the  most  celebrated  public 
collections  of  pictures  in  Europe  are  in  buildings  which,  besides 
being  tasteless  or  in  exceedingly  bad  taste  themselves,  are  so 
badly  arranged  and  devoid  of  all  contrivance,  that  they  do  not 
seem  to  have  ever  been  intended  for  the  purpose  to  which  they 
are  applied.  Besides  accommodation  with  regard  to  actual  space, 
effective  lighting  the  rooms,  and  other  obvious  matters  of  that 
kind,  the  providing  for  a  judicious  arrangement  of  the  pictures  is 
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w}iat  requires  consideraMe  ptudy  and  foresijjht.  In  temporary 
exhiliiticins,  pictures  must  beliunp  up  as  well  as  the}'  can  be.  The 
dispiisini;  them  on  the  walls  is  of  necessity  a  work  of  such  hurry, 
that  it  is  little  to  be  wondered  at  if  it  is  frequently  attended  with 
awkward  mistakes,  such  as  putting  a  fr^od  paintiui;  nearly  (uit  of 
sight,  and  an  inferior  one  just  upon  the  line.  Even  if  it  be  de- 
tected, there  is  no  time  for  correctiniar  the  error,  because  to  do 
so  mifrht  render  it  necessary  to  alter  the  situations  of  a  score  of 
other  pictures. 

In  a  permanent  gallery,  on  the  contrary,  more  especially  one 
claiming  to  be  considered  a  public  museum  fif  art,  where  nothing, 
it  is  to  presumed,  is  admitted  but  what  is  worthy  of  being  studied 
— at  least,  of  being  noticed  as  a  work  of  art, — the  utmost  attention 
ought  to  be  given  before-hand  to  what  is  requireil  by  the  collection 
itself.  Should  this  last  be  already  fully  formed,  to  provide  pro- 
perly for  it  becomes  a  coniparatix'ely  easy  task  ;  whereas,  for 
one  that  is  increasing,  regard  should  be  had  to  future  growth. 
When  Mr.  Wilkins — or  rather,  perhaps,  those  who  employed  him — 
took  measure  of  it,  our  national  collection  was  merely  in  its 
infancy.  Thanks  to  Mr.  Vernon,  tlie  child  has  nearly  all  at  once 
started  up  into  a  tall  stripling, — has  quite  outgrown  his  former 
"  fit,"  which  suit  suits  him  no  longer  ;  so  Mr.  Barry  is  now  it 
seems  to  enlarge  it,  and  convert  it  as  well  as  he  can  into  a  becoming 
togavirilis.  If  he  can  do  so  without  reclaiming  from  the  Academy 
the  piece  of  stuff  they  have  got  possession  of,  he  must  have  far 
more  talent  in  point  of  contrivance  than  most  of  his  professional 
brethren. 

After  all,  we  may  possibly  have  been  put  quite  on  a  wrong 
scent.  Should  which  turn  out  to  be  the  case,  all  we  can  say  is, 
that  the  mistake  does  not  lie  at  our  door.  We  leave  those  from 
whom  we  got  it  to  trace  out  tlie  author  of  it ;  nor  should  we  be 
greatly  surprised  to  find  it  traced  home— if  mistake  it  really  be — 
to  that  confounded,  universal  mischief-maker,  Mr.  Nobody  i 


COLLISION  OF  TRAINS.— No.  II. 

In  our  last  paper  (p.  197),  we  considered  the  law  and  amount  of 
collision  in  a  train  of  carriages  of  equal  weights,  and  provided 
with  a  single  engine  in  front.  We  now  propose  to  examine  the 
effect  of  an  engine  behind,  the  other  circumstances  of  the  problem 
remaining  the  same. 

As  a  first  and  introductory  e.xample,  let  us  suppose  a  single  car- 
riage, weight  i  tons,  having  a  pair  of  buffers  in  front,  with  a  foot 
play  to  each,  and  each  with  an  extreme  strength  of  4  tons  (the  law 
of  resistance  of  the  buffers  being  assumed  to  vary  as  their  com- 
pression), to  impinge  on  a  fixed  obstacle  with  a  velocity  of  60  feet 
per  second.  Let  ns  now  determine  how  much  of  this  velocity  will 
be  destroyed  liy  the  time  the  buffers  have  ceased  to  act. 

Let  m  be  the  mass  of  the  carriage ;  p,  the  jiressure  on  the  head 
of  either  buffer  when  it  is  compressed  to  an  extent  x  ;  v,  the 
velocity,  in  seconds,  of  the  carriage; — then,  the  mass  of  the  buffer 
being  neglected  as  small  in  comparison  with  the  mass  of  the 
carriage, 

dv 
mv-r-    =   —  2  p. 
tf.r 

Now,  i  tons  is  the  value  of  p  when  x  z=.  I ;  and  since  p  has 
been  assumed  to  vary  as  x 

dv 
p  =:  ix ;         :.  mil  y-  =  -  Sx ;         :.  mv-  =z  c  —  8 «■'. 
ax 

If  the  accelerating  force  of  gravity  be  taken  at  32  feet  per 
second. 


4. 
32 


1 


Sx'; 


ti'  =:  8c-  6  4.r'. 


Wlien  .r  =  0,  «  =  60;         .•.  Sc  =  3600. 

When  X  =  1,  the  buffers  cease  to  act,  and  v-  =  3600  —  64; 
or,  V  =  59^  nearly  ;  consequently,  only  half-a-foot  of  velocity  is 
destroyed. 

Let  us  next  consider  the  case  of  a  train  of  n  carriages,  each 
provided  with  a  pair  of  buffers  before  and  behind  ;  and  with  an 
engine,  weight  r  tons,  attached  to  the  last  carriage ;  and  let  us 
suppose  this  train  to  impinge  on  a  fixed  obstacle  at  the  rate 
of  V  feet  per  second  ;  and  from  these  data  seek  approximately 
the  amount  of  velocity  destroyed  in  the  rearward  engine  by  the 
time  all  the  buffers  are  used  up. 

In  order  to  make  the  problem  general,  we  will  assume  the 
weiglit  of  the  carriages  each  =:  w,  and  the  extreme  strength  of 
the  buffers  m/i  tons ;  also  their  extreme  play  h  feet.    By  the  time 


the  engine  behind  has  moved  forward  a  space  .r,  after  collision  has 
commenced,  let  2/)  be  the  pressure  on  the  buffers  of  the  rearward 

p 
engine.    We  shall  now  show  that  p  is  always  less  than    , ,  where 

n'  is  the  number  of  pairs  of  buffers,  and  P  the  pressure  on  any 
buffer  compressed  to  an  extent  x.  For  let  x,,  x^,  x^,  &c.,  be 
the  extent  to  wliich  the  buffers  are  simultaneously  compressed, 
reckoning  from  the  carriage  wliich  first  sustains  the  shock  ;  *iJ',, 
nx^,  ^lx.„  &c.,  the  pressures  of  the  liuffer-heads  corresponding  to 
the  compressions  .»-,,  x,^,  x^,  &c.  Now  we  have  shown  in  our  last 
paper  that  the  pressures  of  the  buffers,  and  therefore  j-,,  .r^,  j',, 
&c.,  decrease  as  we  recede  from  the  end  of  the  train  nearest 
collision. 

.•.   X,  is  >  x^;    X2  is  >  x^ ;     &c.  is   >  &c. 
p  —  lix^r,    pis  <  p.x„,_x;    p\a  <  lix,,,-^;    &c.  is  <  &c. 

.•.  n' p  is  <  M  {xn'  +  ^;i'-l  +  &c.)    is  <  lix    is  <  P; 

P 

.•.   p  IS   <    -. 


0    lux  dx 
h 


It 


IS  < 


•.n'V 


pax    IS  <    /  ax    IS  <   / 

n'h  J  n'h   n'  J  n' 

Therefore,  if  v  be  the  velocity  of  the  rearward  engine,  by  the  time 
the  buffers  are  aU  used  up, 

—  (V-— jj'-)  is  <  'Znn'h'-. 

As  an  example,  let  A  =  ],  as  before ;  w  =  19  ;  :.  n'  =.  iO  (in- 
cluding buffers  of  engines  before  and  behind)  ;  r  =:;  20;  V  =:  60  ; 
f  =  4. 

30 
.-.   V-  — u-  is  <  —  X  320      is  <   32  X  16      is  <  512. 

If  V  =  60,  .-.  v'  is  >  3088;  :.v  is  >  65.  Or,  the  velocity  of 
the  rearward  engine  has  been  diminished  by  less  than  5  feet  a 
second. 

If  V  had  been  put  ^  30,  which  is  equivalent  to  about  20  miles 
an  hour,  still  v  would  ha\e  had  a  value  of  20  feet  a  second,  or 
twelve  miles  an  hour.  In  eitlier  case,  it  is  clear  that  the  shock  of 
the  engine  behind  would  have  been  most  destructive — in  the  first 
case  frightfully  so. 

To  recapitulate  the  results  of  our  investigation,  it  a))pears,  first, 
that  when  a  train  with  a  single  engine  is  violently  checked,  the  first 
carriage  will  sustain  the  greatest  damage,  and  the  effect  of  the 
buffers  will  be  to  increase  the  number  of  blows  on  the  first  and 
succeeding  carriages,  but  to  diminish  their  intensity.  Secondly, 
that  when  an  engine  is  attached  behind  ;  the  last  carriage  after  all 
the  buffers  are  used  up — having  first  to  sustain  the  shock  of  the 
rearward  engine  proceeding  with  a  diminished  but  still  considera- 
ble velocity,  if  the  original  \'elocity  of  the  train  had  been  great, — 
will  probably  be  the  most  seriously  injured  of  all  the  carriages.  A 
double  shock  will  in  this  case  have  passed  along  the  train — at  first, 
by  the  sudden  stoppage  of  the  first  carriages  before  all  the  buffers 
are  used  up ;  and  then  from  the  blow  from  the  rearward  engine 
after  alt  the  buffers  are  used  up. 

Since  writing  the  former  paper  on  this  subject,  we  have  seen  a 
model  of  a  break,  by  Mr.  Bishop,  which  by  an  ingenious  and  simple 
contrivance  is  capable  of  being  applied  to  all  tlie  carriages  simul- 
taneously, and  almost  instantaneously.  We  earnestly  recommend 
the  adoption  of  some  such  method  of  suddenly  occasioning  a 
powerful  retarding  force,  as  a  most  efficient  means  of  avoiding 
casualties  and  coroners'  inquests. 

J.  H.  R. 


M)TES  ON  ENGINEERING.— No.  XI. 

By  HoMEitsHAM  Cox,  B.A. 

The  Strength  of  Hungerford  Bridge. 

The  security  of  a  Suspension  Bridge  erected  in  the  very  centre 
of  the  metrojiolis,  and  liable  to  .sustain  the  weight  of  a  very  large 
number  of  persons,  is  a  subject  possessing  a  scientific  interest 
commensurate  with  its  practical  importance.  The  moment  of  the 
question  has  been  greatly  increased  by  two  independent  circum- 
stances— first,  that  it  has  been  the  subject  of  serious  doubt  and 
scientific  discussion  ;  and  secondly,  that  the  trafiic  of  the  bridge 
has  recently  received  an  important  accession  by  the  opening  of  a 
railway  terminus  in  its  immediate  vicinity. 

There  are  some  parts  of  the  theory  of  suspension  bridges  exceed- 
ingly complicated  and  difficult,  and  others  perfectly  simple.  Among 
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the  latter  is  the  estimation  of  the  statical  strain  to  which  a  chain  is 
subjected  when  its  weight  and  all  its  dimensions  are  known.  This 
particular  branch  of  the  question  may  be  set  at  rest  without  much 
difficulty.  The  object  of  the  present  paper  is  to  do  this  by  methods 
distinct  from  those  which  have  been  adopted  in  the  previous  dis- 
cussions of  the  question. 

Sir  Howard  Douglas,  who  first  publicly  moved  the  subject  of  the 
sufficiency  of  Hung-erford  Bridge,  has  ably  calculated  the  strength 
of  the  chains,  on  the  assumption  that  the  form  of  them  is  the 
"  common  catenary  :"  this  method,  the  most  scientific  and  exact 
of  any,  involves  however  considerable  mathematical  skill  in  its 
application.  The  mode  about  to  be  employed  may  be  readily  used 
in  general  practice,  as  it  does  not  require  a  knowledge  of  mathema- 
tics; and  the  agreement  of  its  result  with  that  obtained  by  the 
process  referred  to,  tends  to  their  mutual  confirmation. 

In  suspension  bridges,  the  central  deflection  is  always  small  com- 
pared with  the  span  between  the  points  of  suspension.  It  follows 
that  tlie  curvature  of  the  chain  is  very  small ;  and  whether  it  be 
considered  a  catenary,  a  ])arabola,  or  even  the  arc  of  a  circle,  the 
deviation  from  the  real  form  will  not  be  considerable.  It  is  very 
usual,  for  the  sake  of  simplicity,  to  assume  the  curve  to  be  a  para- 
bola, and  that  assumption  will  be  here  adopted  after  a  few  remarks 
tending  to  prove  its  accuracy. 

If  the  horizontal  distribution  of  the  weight  of  the  chain  and  its 
load  were  unifornv,  the  curve  would  be  exactly  a  parabola,  as  may 
be  easily  ascertained  by  reference  to  any  standard  treatise  on 
mechanics  which  refers  to  the  subject.  Now,  when  the  bridge  is 
crowded,  the  load  on  the  platform  is  uniformly  distributed  hori- 
zontally. Tliis  is  also  the  case  with  the  weights  of  the  platform 
and  the  parapet,  which  are  considerable.  The  only  mass  not  so 
distributed  is  that  of  the  chains  themselves,  of  which  the  links  are 
liorizontal  at  the  centre,  and  inclined  more  and  more  up  to  the 
points  of  suspension.  But  practically  this  inclination  is,  never 
large;  for  instance,  in  Hungerford  Bridge  at  the  points  of  suspen- 
sion, as  will  be  presently  shown,  the  tangent  of  the  angle  ot  in- 
oliuation  is  about  j\.  This  gives  the  cosine  of  the  angle  less  than 
■^  ;  or  18  feet  measured  along  the  chain  there,  nearly  corresponds 
with  17  feet  measured  horizontally.  This  shows  that  the  hypothesis 
of  horizontal  distribution,  even  for  the  chain  alone,  does  not  involve 
any  considerable  error  ;  and  when  the  additional  effect  of  the  mass 
of  the  load  and  platform,  which  is  really  so  distributed,  is  taken 
with  it,  the  deviation  from  the  truth  must  be  inconsiderable. 

On  this  assumption,  then,  the  vertical  line  through  the  centre  of 
gravity  of  half  the  chain  and  its  load  is  situated  midway  betvveen 
the  centre  of  tlie  chain  and  the  extremity  of  the  platform  ;  or  the 
horizontal  distance  of  this  centre  of  gravity  from  the  abutment  is 
equal  to  one-fourth  the  span.  Tlierefore,  the  moment  about  the 
point  of  suspension  of  the  weight  of  half  the  chain  and  load,  is  the 
product  of  tliat  weight  and  one-fourth  the  span. 

At  the  centre  of  the  cliain  the  tension  is  horizontal :  its  vertical 
distance  below  the  point  of  suspension  is  equal  to  the  deflection  of 
the  chain.  Therefore,  the  moment  of  this  tension  about  the  point 
of  suspension  is  the  product  of  the  tension  and  the  deflection. 

The  moments  just  determined  are  equal,  the  total  eff'ect  to  turn 
the  half-chain  about  the  point  of  suspension  being  produced  l)y  the 
weight,  and  this  eff'ect  being  resisted  by  the  efl^ect  of  the  horizontal 
tension.  (The  platform  not  being  rigid,  contributes  nothing  to 
the  ultimate  support  of  the  load.)  Also,  in  Hungerford  Suspension 
Bridge,  the  deflection  is  50  feet,  and  the  quarter-span  169  feet. 
Consequently, 

Horizontal  tension  x  50  ^  weight  of  Italf-spmi  X  169. 
Hence  the  weight  of  the  half-span  is  -j^,  or  very  nearly  five-seven- 
teenths of  the  tension  at  the  centre  of  the  chain. 

On  the  authority  of  Mr.  Cowper,  who  is  believed  to  have  ob- 
tained authentic  and  accurate  information,  it  is  stated,  in  Part  93 
of  this  Journal  (June,  1845),  that  the  total  sectional  area  of 
the  chains  at  their  centre  is  296  square  inches.  The  Bridge  is 
supported  by  four  chains,  two  on  each  side  of  the  platform,  and 
the  above  is  the  sum  of  the  sectional  area  of  all  four  together. 
The  horizontal  tension  is  supposed  to  be  uniformly  distributed 
over  these  296  inches. 

Wrought-iron  bars  become  sensibly  stretched  and  impaired 
when  subject  to  a  tension  of  17  tons  per  square  inch.  They  will 
not  bear  that  strain  permanently;  and  in  practice  it  is  not  con- 
sidered safe  to  subject  them  to  a  greater  tensile  force  than  9  tons 
per  square  inch.  Taking  the  latter  measure,  the  greatest  horizontal 
tension  which  the  four  chains  together  can  safely  bear  is  296  x  9  = 
2664  tons;  and  the  greatest  weight  of  the  half-span  must,  by 
what  has  already  been  said,  be  -j^^jths  of  this,  or  very  nearly 
788  tons.     Consequently,  for  the  whole-span, 

The  greatest  total  load  =.  1576  tons. 


This  is,  in  fact,  nearly  the  load  to  which  the  bridge  is  actually 
liable  to  be  subjected.  The  weight  of  the  chains  (715  tons)  added 
to  that  of  the  platform,  parapet,  rods,  &c.,  and  a  crowd  covering 
the  platform  with  a  weight  of  100  lb.  to  the  square  foot,  gives, 
according  to  Mr.  Cowper,  the  maximum  load  at  about  fifteen 
hundred  tons.  We  come  to  the  conclusion,  then,  that  when  the 
bridge  has  its  full  load,  the  statical  tension  at  its  centre  is  nine 
tons  to  the  square  inch. 

The  following  method  was  adopted  to  test  the  accuracy  of  the 
hypothesis  on  which  this  conclusion  is  founded.  By  a  known 
principle  which  applies  to  catenaries  of  every  form,  the  tangents 
at  any  two  points  of  the  curve  meet  in  the  vertical  line  through 
the  centre  of  gravity  of  the  intervening  portion  of  the  chain. 
Consequently,  if  the  assumption  be  true  that  the  vertical  through 
the  centre  of  gravity  of  the  half-chain  bisects  the  half-span,  the 
tangent  at  the  point  of  suspension  ought,  if  produced,  to  meet  the 
platform  midway  between  its  centre  and  extremity.  The  observa- 
tion of  this  fact  would  be  a  crucial  test  of  the  above  conclusions. 
This  test  was  satisfactorily  performed  in  the  following  manner. 
The  inclination  of  the  chain  at  its  summit  was  observed  with  a 
telescope  from  various  positions  on  the  Bridge,  and  that  position 
was  noted  in  which  the  inclination  of  the  chain  at  its  highest  point 
coincided  with  the  axis  of  the  telescope.  That  position  of  the  ob- 
server's eye  for  which  one  end  of  the  highest  link  covered  the  link, 
was  of  course  in  the  line  of  that  link  produced.  By  these  means 
(applied  for  the  sake  of  mutual  confirmation  to  the  points  of  sus- 
pension at  both  towers),  it  was  ascertained  that  the  centre  of 
gravity  of  each  half-chain  was  about  six  feet  nearer  the  end,  than 
the  centre,  of  the  platform.  The  advantage  of  this  method  of 
observation  was,  that  it  did  not  require  particular  accuracy :  an 
error  of  10  or  even  20  feet  would  not  ha\e  made  a  considerable 
difference  in  the  result,  while  the  errors  of  observation  were  cer- 
tainly far  within  those  limits. 

It  is  important  to  observe,  that  if  the  Bridge  were  loaded  with 
its  full  weight,  the  actual  position  of  the  centre  of  gravity  would 
coincide  with  that  above  assumed,  even  more  closely  than  it  did  at 
the  time  of  the  observation. 

To  ascertain  the  tension  at  the  points  of  suspension,  we  have 
the  following  rule,  applicable  to  catenaries  of  every  form.  Add 
the  squares  of  the  horizontal  tension  and  of  the  weight  on  the 
half-span:  the  square  root  of  this  sum  is  the  tension  at  the 
summits  of  the  chain — which,  therefore,  in  the  case  before  us,  is 

=  V  {  (2664)=  -I-  (778)=  }  tons. 
After  obtaining  this  square  root,  divide  it  by  9,  and  the  result  is 
308,  for  the  number  of  square  inches  over  which  the  tension  at  the 
summit  must  be  distributed  if  the  tension  be  9  tons  per  square 
inch.  The  actual  sectional  area  of  the  chain  at  the  points  in 
question  is  very  near  this — namely,  312  square  inches. 

In  the  above  caculations,  the  structure  has  heen  supposed  to  be 
in  a  state  of  equilibrium.  The  vibrations  of  the  several  parts  of 
the  chain,  arising  from  the  rapid  motion  of  traffic,  or  the  action  of 
the  wind,  would  certainly  increase  the  strains  greatly,  though  no 
means  of  calculating  that  increase  have  been  yet  ascertained.  The 
foregoing  method  shows,  with  all  the  precision  requisite  for  practi- 
cal purposes,  that  both  at  the  centre  and  extremities  of  the  chain 
the  tension  of  the  metal  is  9  tons  per  square  inch,  when  the  bridge 
is  fully  loaded.  The  fairest  way  of  stating  the  conclusion  from 
these  investigations  appears  to  be  this: — If  the  permanent  tenacity 
of  the  metal  be  so  great  that  it  maybe  safely  subjected  to  a  greater 
strain  than  9  tons  per  square  incli,  then  the  excess  is  a  provision 
against  accidental  disturbances.  If,  however,  9  tons  per  square 
inch  be  the  utmost  strain  which  the  metal  will  safely  bear,  no 
margin  is  left  for  security  against  the  eff'ects  of  rapid  motion. 


THE  WATER-GAS. 

Some  time  has  elapsed  since  a  patent  was  obtained  for  a 
process  of  making  illuminating  gas  from  water ;  but  the  plan 
was  not  carried  into  practical  effect,  and  dropped  out  of  public 
notice.  The  invention  has  once  more  been  brought  before  the 
public,  and  in  a  manner  calculated  to  attract  attention,  by  being 
made  the  subject  of  lectures  delivered  by  Air.  Ryan  at  the  Poly- 
technic Institution.  The  process  itself  is  a  very  curious  one  ;  and 
though  the  expense  may  probably  render  it  a  less  economical  mode 
of  supplying  gas  than  coals,  where  they  are  to  be  purchased  at  a 
cheap  rate,  yet,  in  many  parts  of  the  country,  it  is  probable  that 
the  water-gas  may  be  the  cheaper  of  the  two ;  and  as  its  purity 
and  iUuminatiug  power  exceed  those  of  the  carburetted  hydrogen 
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(ihtained  from  coals,  it  is  well  tliat  the  ninde  of  niakinf;  it  should 
he  ireiierally  known. 

To  those  wlio  are  unacquainted  with  the  chemical  composition  of 
water,  it  may  seem  stranse  that  water  should  he  rendered  the 
source  of  fire  ;  but  to  most  of  our  readers  it  must  he  well  known 
that  water  is  composed  of  liydroeen,  the  most  inflanunalde  of 
bodies,  and  of  oxyfren,  which,  when  in  the  form  of  pas,  is  the 
most  active  supporter  of  combustion.  A  ]dan  of  ohtaininir  hydro- 
jien  c:as  from  water,  by  passing:  steam  throufrh  a  hot  tube  containing- 
iron  has  been  long  known.  The  ratiniin/i'  of  that  process  is,  that 
the  steam  when  in  contact  with  heated  iron  becomes  decomposed, 
the  oxypen  imitine:  with  the  iron  to  form  an  oxide  of  that  metal, 
and  the  hydrogen  is  liberated  in  the  form  of  gas.  This,  indeed, 
is  the  best  mode  of  obtaining  hydrogen  gas  in  a  state  of  purity  ; 
but  for  the  purpose  of  illumination,  such  gas  is  of  no  value. 
The  flame,  though  emitting  great  heat,  is  scarcely  visible.  The 
illuminating  power  of  coal-gas  depends  on  the  carbon  it  contains  ; 
and  the  more  carbon  is  contained  in  carburetted  hydrogen,  the 
greater  is  its  illuminating  power.  It  is  owing  to  the  great  pro- 
portion of  carbon  in  turpentine,  that  it  aflF(u-ds  such  a  brilliant 
light  in  the  "camphine"  lamjis,  the  only  difficulty  in  thel)urning 
of  that  substance  being  to  produce  perfect  combustion  ;  otherwise 
the  abundance  of  carbon  causes  volumes  of  dense  smoke.  To 
render  the  water-gas  illuminating,  it  is  necessary,  therefore,  to 
combine  with  it  a  portion  of  carbon  ;  and  it  is  this  part  of  the 
process  in  which  the  principal  novelty  of  the  invention  consists. 
The  apparatus  employed  in  the  manufacture  of  the  gas  is  exhi- 
bited at  work  at  the  Polytechnic  Institution.  It  consists  of  a 
furnace,  in  which  are  three  long  iron  retorts  placed  perpendicularly. 
Two  of  these  are  nearly  filled  with  coke  and  old  iron  chains,  or 
pieces  of  iron.  Water  is  admitted  into  the  first  of  these,  and 
being  converted  into  steam,  it  is  then  decomposed  by  the  iron, 
and  the  hydrogen  gas  which  is  liberated,  absorbs  at  the  same  time 
some  portion  of  carbon  from  the  heated  coke.  The  gas  and  resi- 
dual steam  are  then  passed  into  the  second  retort,  where  a  similar 
process  of  dec(miposition  and  of  further  carbonization  takes  place  ; 
and  it  then  issues  into  the  third  retort,  where  it  is  brought  into 
contact  with  heated  tar,  and  absorbs  from  it  a  large  portion  of 
carbon.  The  carburetted  gas  is  then  forced  through  some  vertical 
tubes,  to  permit  the  deposition  of  superfluous  tar,  and  is  conducted 
into  the  gasometer  ready  for  use.  The  illuminating  power  of  this 
(las  is  estimated  to  exceed  that  of  ordinary  coal-gas,  25  per  cent. ;  and 
its  freedom  from  sulphur  and  other  impurities  renders  it  far  prefer- 
able to  coal-gas.  Respecting  the  economy  of  the  process.  Dr.  Ryan 
says  nothing ;  and  we  believe  that  it  was  on  this  point  that  the 
invention  failed  to  be  practically  useful  when  first  introduced. 
The  cost  of  the  fuel  to  heat  the  retorts,  of  the  iron  to  decompose 
the  steam,  and  of  the  tar  to  carbonise  the  gas  would,  we  fear, 
amount  to  more  than  the  cost  of  coal,  in  most  parts  of  England, 
for  making  the  ordinary  kind  of  coal-gas.  In  many  circumstances, 
however,  we  conceive  this  mode  of  generating  illuminating  gas 
may  be  advantageous,  especially  when  the  purity  of  the  gas  con- 
sumed is  an  object  of  importance. 


ON  ISOMETRICAL  RERSPECTIVE. 
By  R.  G.  Clark. 

The  object  of  this  article  is  to  communicate  an  easy  method,  by 
construction,  for  determining  the  transverse  and  conjugate 
diameters  of  an  ellipse  touching  the  sides  of  an  oblique  parallelo- 
gram, being  the  isometrical  projection  of  a  circle  inscribed  in  a 
square. 

Draw  the  isometrical  parallelogram  A  B  C  D,  and  its  two 
diagonals  A  C,  and  B  D  ;  bisect  O  C  in  m,  also  bisect  A  tn  in  N, 
and  then  with  the  radius  A  N  and  centre  N,  describe  a  semicircle 
cutting  O  B,  produced  in  R.  Again,  with  centre  O,  radius  O  R, 
describe  a  semicircle  a  R  c  cutting  A  C  in  a  and  c ;  then  will  o  c  be 
the  transverse  diameter  required  of  the  ellipse.  In  like  manner, 
bisect  O  D  in  .?,  and  B  *•  in  r,  and  with  the  centre  r,  and  radius  )•  B, 
describe  a  semicircle  cutting  O  C  in  i ;  again,  with  centre  O  and 
radius  O  t,  describe  an  arc  cutting  D  B  in  6  and  d,  then  will  bd  be 
the  conjugate  diameter  required. 

The  above  may  be  demonstrated  thus  : — Because  the  sides  of  the 
oblique  parallelogram  respectively  touch  the  curve,  they  are  tan- 
gents to  it.  By  the  properties  of  the  Conic  Sections  (see  Dr. 
Hymer's  elegant  treatise),  we  have,  AOX  MO  =  a  O- ;  but 
MO  =:  ra  O,  therefore  a  O-  =  A  O  X  m  O.  Also,  by  the  property 
of  the  Circle,  we  have  a  O^  ^  O  R-.     A  similar  mode  of  proof 


applies  to  the  conjugate  diameter.  After  the  diameters  are  thus 
determined,  the  curve  can  be  easily  trammelled  in  tlie  usual  way. 
It  would  also  be  well  to  state  an  easy  rule,  by  calculation,  founded 
on  the  above  construction. 


ot 


Rule. — Multiply  the  diameter  of  the  circle  by  l-22t  for  the 
transverse  diameter,  and  by  -707  for  the  conjugate  diameter. 

E.r. — Given  the  diameter  of  a  circular  turn-table  =  14'  5", 
to  find  the  transverse  and  conjugate  diameters  of  its  isometrical 
representation. 

Here,  by  the  rule,  14-5  x  1'224  =  17-748  transverse  diameter. 
M.-5  X     -707=   10-25     conjugate  diameter. 

The  previous  method  of  construction,  however  simple,  I  have 
not  before  met  with  in  any  work  on  isometrical  perspective.  The 
rule  by  calculation  is  easily  deduced  from  the  construction,  mak- 
ing the  isometrical  diameter,  or  the  given  diameter,  of  the  circle 
equal  to  unity  :  Thus,  because  the  isometrical  angle  O  A  B  =  SO'', 
therefore  BO  =  i  A  C.  Hence  OA  =  V(l"  — '25)  =-866; 
therefore,  « O-  =  A  O  X  M  O  =  SGR  X  -433  =  -3749.  By 
extracting  the  square  root  of  each  side,  we  have  n  O  =  '612;  con- 
sequently, the  transverse  diameter  ac  z=  1-224.  Also,  B  O  = 
^  B  C  =  -5  ;  therefore,  BOx|BO  =  6  0=;  hence  i  O  =  -3535  ; 
consequently,  the  conjugate  diameter  6rf  =  -707.  These  are  the 
numbers  as  given  in  the  rule.  I  have  not  seen  this  rule  in  Jopling's 
treatise,  but  there  is  a  table  given  of  diameters,  with  the  same 
figures  to  the  Diameter  1.  It  will  be  observed,  that  all  the  lines 
that  are  in  the  figure  are  not  required  in  the  construction,  but 
only  the  two  diagonals :  the  other  lines  are  only  drawn  to  assist  in 
the  demonstration.  The  method  given  by  Professor  Farish  in  his 
paper  on  Immetrical  Perspective,  in  Gregory's  '-  Mathematics  for 
Practical  Men,"  is  very  tedious,  both  by  construction  and  calcula- 
tion. 


EXPERIMENTS   ON  CEMENT. 

A  good  deal  of  attention  has  recently  been  directed  to  the  merits 
of  a  cement  called  "  Portland  "  cement,  manufactured  by  Messrs. 
Aspden  and  Robins,  of  Northfleet ;  and  on  INIonday,  the  18th  ult., 
a  numerous  body  of  architects,  builders.  &c.,  assembled  at  the 
town  premises  of  these  gentlemen,  in  Great  Scotland-yard,  to 
witness  a  number  of  experiments  with  the  cement,  both  alone 
and  in  combination  with  sand,  in  different  proportions ;  the  follow- 
ing are  some  of  the  trials  made  : — 

Best  Stock  Bricks  Cemented  against  the  Wall. 

Experiment  1. — 17  stock  bricks  were  cemented  together  with 
romnn  cement  (all  cement)  and  projected  before  the  face  of  a  wall, 
as  fig.  1.     They  broke  down  with  7  lb.  placed  on  the  end. 


r^ 

1 

4 

'4 

Fig.  1. 

Experiment  2. — 11  stock  bricks,  cemented  together  with  1  sand 
and  1  roman  cement,  broke  down  with  7  lb.  placed  on  the  end. 

Experiment  3. — 38  bricks,  cemented  with  neat,  patent  portland 
cement,  broke  down  with  141b.  placed  on  the  end. 

Experiment  4. — 30  bricks,  cemented  together  with  1  portland 
cement  and  1  sand,  broke  down  with  15  lb.  at  end. 

Experiment  5. — 22  bricks  cemented  together  with  1  portland 
cement  and  2  sand,  broke  down  with  168  lb.  at  end. 

Experiment  6. — 25  bricks,  with  1  portland  cement  and  4  sand, 
broke  down  with  56  lb.  at  end. 
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Experiment  7. — 26  bricks,  with  1  portland  cement  and  5  sand, 
broke  down  with  74.  lb.  at  end. 

Experimnt  8. — 14  bricks,  all  portland  cement,  with  a  wheel  of 
9  cwt.  in  the  centre,  broke  down  witli  17  lb.  at  end. 

Experiment  9. — 16  bricks,  cemented  together  with  1  portland 
cement  and  1  sand,  and  suspended  at  both  ends,  broke  down  with 
15  cwt.  placed  in  a  scale  suspended  on  the  centre.     {See  fig.  2). 


Fig.  2. 

Experiment  10. — A  block  of  portland  stone,  2  ft.   11  in.  long, 
and  9  by  9  inclies,  broke  with  a  weight  of  38  cwt.     {See  fig.  3.) 
ffote. — A    block,  cemented  with  roman  cemeot,  would  not  bear  the 
weight  of  the  stone,  iu  a  similar  position. 


Fig.  3. 

Trials  in  a  Hydraulic  Press. 

Experiment  11. — A  block,  all  portland  cement,  18  inches  high 
and  9X9  inches,  bore  a  pressure  equal  to  IO85  tons  on  the  square 
foot. 

12. — A  mixture,  1  sand  and  1  cement. 


Expt. 


80  tons  sq.  foot. 


80 


44i 


Expt.  13. — A  mixture,  4.        „         1         „ 

Expt.  14. — A  mixture,  7         „         I         „ 

Experiment  15. — A  block,  all  roman  cement,  broke  at  2-2i  tons. 

Experiment  16. — A  mixture,  4  parts  sand  and  1  roman  cement, 
would  not  bear  any  pressure. 

Experiment  17. — A  block  of  portland  stone,  Ig  in.  X  1  in.,  broke 
up  at  23  cwt. 

Experiment  18. — A  block  of  the  portland  cement,  the  same 
dimensions,  broke  with  18  tons. 


New  ScreiP-Cutting  Machine. — A  plan  of  cutting  iron  screws  is  stated  to 
have  been  invented  by  Mr.  P.  H.  Gates,  of  Chicago,  Illinois,  by  which  the 
power  of  one  man  will  cut  per  day,  700  half-inch,  500  three-quarter  inch, 
400  one  inch,  and  300  one-and-a-half  inch  bolts.  The  advantages  claimed 
for  this  plan  over  the  common  die  are,  its  dispatch  in  doing  work ;  its  dura- 
bility, having  cut  over  4,000  bolts  with  one  die,  without  any  repairs;  instead 
of  jambing  or  driving  the  thread  into  shape  it  cuts  it  out,  the  same  as  in  a 
lathe,  leaving  the  thread  of  solid  iron,  which  cannot  be  stripped  off  as  is 
usual  with  those  cut  by  tbe  common  die,  and  it  will  do  the  work  by  once 
passing  along  the  bolt,  making  the  thread  perfect.  The  die,  it  is  said,  can 
be  made  by  ordinary  workmen,  with  far  less  expense  than  the  comtuon  die, 
and  when  made,  is  not  at  all  liable  to  get  out  of  repair. 


REVIEWS. 

The  Palace  of  Westminster.     Imperial  quarto,  Part  I.    London  : 
Warrington  and  Son,  1848. 

At  present,  we  can  hardly  pretend  to  give  an  opinion  as  to  the 
merits  of  a  series  of  architectural  illustrations  from  the  three  en- 
gravings in  this  first  Part ;  nor  are  we  able  even  so  much  as  to  say 
to  what  extent  it  is  intended  to  carry  tlie  publication,  and  what  will 
be  the  entire  number  of  plates,  there  being  neither  prospectus  nor 
advertisement  on  the  wrapper  to  afford  that  somewhat  desirable  ii>- 
formation.  What  strikes  at  the  very  first  as  objectionable  is,  not 
that  the  plates  are  published  miscellaneously  while  the  work  is 
coming  out,  but  that  it  seems  they  are  intended  to  be  bound  up  so, 
instead  of  being  duly  arranged  according  to  some  sort  of  order  and 
sequence.  The  subjects  contained  in  this  Part  I.  are  :  Plan  of  the 
Principal  Floor,  the  Royal  Court  (a  perspective  view),  and  an  Ele- 
vation of  the  lower  part  of  the  Victoria  Tower,  which  are  designated 
in  the  heading  of  the  descriptive  letter-press  accompanying  each  of 
them,  as  Plate  I.,  II.,  III.,  respectively.  Wherefore,  although 
the  descriptive  letter-press  itself  is  not  paged — which  looks  ag 
if  it  had  been  intended  to  leave  it  to  purchasers  to  arrange  the 
subjects  ultimately  to  their  own  fancy — sucli  accommodation  is 
now  frustrated  by  the  plates  being  numbered  in  the  letter-press, 
and  in  our  opinion  quite  uselessly,  there  being  no  corresponding 
numbers  on  the  plates  themselves,  so  that  the  binder  can  be  guided 
only  by  their  titles.  We  almost  fancy  tliat  the  "  numbering  '  must 
have  occurred  through  mere  oversight ;  and  if  so,  now  that  the 
very  great  inconvenience  attending  it  is  pointed  out,  it  ought  to 
be  abandoned  at  once, — should  which  be  done,  cancels  ought  to  be 
given  of  the  descriptions  already  published.  , 

As  matters  have  been  managed,  Plate  1.  is  a  Plan  of  the  Princi- 
pal Floor ;  but  surely  that  will  not  be  the  only  illustration  of  the 
kind,  or  else  the  work  will  be  singularly  defective  and  unsatisfao- 
tory.  Hardly  can  we  believe  that  it  is  not  intended  to  give  some 
other  plans — at  any  rate  that  of  the  ground-floor,  it  being  quite  in- 
dispensable for  properly  understanding  the  structure.  The  floor 
immediately  above  the  principal  one  ouglit  also  to  be  shown.  Be- 
sides which,  there  are  many  portions  of  the  Principal  Floor 
itself  which  require  to  be  exhibited  upon  a  larger  scale,  and  much 
more  in  detail ;  the  scale  of  the  general  plan  being  no  more  than 
that  of  an  inch  to  120  feet,  which  is  so  small  that  it  is  imposible  to 
measure  from  it  with  any  sort  of  accuracy  some  of  the  lesser 
rooms  ; — wherefore  it  would  not  have  been  amiss  had  the  respective 
dimensions,  according  to  actual  measurement,  been  inserted  in  the 
"  Key  to  the  Plan."  With  regard  to  the  plan  itself,  it  does  not 
extend  beyond  Westminster  Hall ;  consequently,  it  does  not  show 
what  is  to  be  done  on  tfie  west  side  of  the  Hall,  along  Margaret- 
street  and  New  Palace-yard.  Nor  is  the  plan  quite  so  distinct  as 
it  might  be,  owing  to  all  the  parts  that  are  under  roof  being  shaded, 
and  only  the  open  courts  and  areas  left  plain  or  white.  So  far 
indeed  distinction  is  made  between  the  covered  and  uncovered 
parts  of  the  plan,  but  there  might  just  as  well  have  been  greater 
distinctness  also  produced  by  making  tlie  walls  considerably 
darker  than  the  rest.  In  our  opinion,  shading  of  the  kind  might 
have  been  dispensed  witli  altogether  in  what  is  an  upper-floor  plan, 
it  being  quite  sufficient  to  treat  the  ground-floor  one  in  that  man- 
ner. Or — for  the  disagreeable  doubt  now  comes  across  us — is 
this  plan  to  be  the  only  illustration  of  the  kind .''  We  will  not 
believe  that  it  is  until  we  can  no  longer  disbelieve  it.  Even  a 
ground-floor  plan  will  not  be  quite  satisfactory  unless  it  be  made 
to  show — except  that  be  done  in  a  separate  situation's-plan,  on  a 
lesser  scale — the  relative  position  of  \Vestrainster  Bridge,  Henry 
VII.'s  Chapel,  and  other  circumstances  of  the  peculiar  locality. 
Else,  how  are  those  who  are  quite  unacquainted  with  that  locality, 
to  form  any  notion  of  it  ?  A  publication  like  the  present,  more 
especially  its  subject  being  taken  into  account,  is  not  likely  to  be 
confined  to  this  country,  but  will  be  eagerly  turned  to  abroad, 
wherever  the  fame  of  the  Palace  of  Westminster  and  its  architect 
has  reached  ;  and  how  are  those  who  possess  no  other  information 
than  what  tliey  can  derive  from  plans,  to  understand  the  difliculties 
imposed  upon  the  architect  by  tlie  site,  and  make  due  allowance 
for  what  must  strike  tiiem  as  being  defective  and  unsatisfactory  in 
the  disposition  of  the  west  or  principal  land-side  of  the  edifice  ? 
For  our  part  we  should  say,  that  besides  a  general  situation's-plan, 
there  ought  also  to  be  a  plan  of  all  the  buildings  as  they  existed 
before  the  fire.  And  undoubtedly  a  plan  of  the  kind  ought  to  be 
inserted  in  this  publication,  if  only  as  a  historical  document. 

Plate  II.  shows,  in  a  perspective  view,  a  part  of  what  is  called 
the  Royal  Court,  it  being  that  into  which  the  state  carriage  and 
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other  rnyal  equipaq:es  drive  and  turn  round  when  the  sovereign 
goes  to  parliament.  Here  we  see  on  the  east  side,  the  hirge  bay 
window  and  range  of  upper  windows  of  the  Royal  (iallcry,  and 
part  of  the  south  side  of  the  court,  where  the  windows  on  the 
principal  floor  belong  to  the  office  of  the  Lord  Great  ('liamberlain. 
The  archway  through  wliich  the  carriages  pass  from  the  porch 
beneath  the  Victoria  Tower  is  quite  in  a  corner,  at  the  south- 
west angle  of  the  court.  The  architecture  of  the  court  is  good, 
but  not  at  all  remarkable,  except  on  the  west  or  gallery-side  of  it, 
where  the  two  archways  below  (one  of  them  leading  into  the 
(;hancellor's  Court)  the  small  octagonal  staircase  turret,  the  oriel 
window  with  solid  wall  in  the  compartment  between  the  but- 
tresses on  each  side  of  it,  bnd\en  only  by  arched  and  s])layed 
panels,  containing  royal  armonial  bearings,  form,  together  with  the 
range  of  lofty  windows  above  (those  in  the  upper  jiart  of  that 
side  of  the  gallery),  form  a  sufficiently  picturesque  and  picpiant  com- 
bination,— such  as  can  hardly  fail  to  captivate  the  admirers  of  the 
(dden  time.  ^Vliat  the  other  elevations  of  the  court,  which  are 
not  shown  in  the  view,  may  be,  the  description  does  not  inform  us. 
To  say  the  truth,  the  descriptive  letter-press  is  exceedingly  meagre, 
dry,  and  bald ;  and  has,  besides,  the  disadvantage  of  consisting 
only  of  detached  scraps. 

Plate  III.,  the  elevation  of  the  royal  portal  or  entrance-porch 
in  the  lower  part  of  the  Victoria  Tower,  exhibits,  on  a  tolerably 
adequate  scale,  the  exceedingly  rich  details  of  that  part  of  the 
structure ;  in  the  character  of  whose  open  arch  we  fancy  we  re- 
cognise a  resemblance  to  that  of  the  beautiful  Erpingham  Gate  at 
Norwich.  Satisfactory  as  it  is  in  other  respects,  the  print  hardly 
does  justice  to  the  structure  itself;  for  it  conveys  no  idea  of  the 
strikingly-fine  effect  produced  by  an  0])en  arch  of  sucli  magnitude 
(50  feet  high  to  its  apex),  on  the  exterior  of  a  building.  The  plate 
being  a  mere  outline  one,  the  picturesque  contrast  of  light  and 
shade  is  quite  lost  ;  therefore,  although  it  is  not  likely  that  any 
one  will  actually  make  such  a  mistake  as  to  suppose  that  the  arch 
itself  is  filled-up  by  the  lesser  arch  and  gate  seen  on  the  further 
plane  of  the  elevation,  it  would  have  been  better  had  that  plane 
been  entirely,  though  slightly,  shaded — because  then  the  opening 
of  the  arch  would  have  been  distinctly  defined.  There  will,  we 
hope,  be  a  section  of  this  porch  drawn  to  the  same  scale  as  the  ele- 
vation ;  and  we  also  desiderate  a  fully  detailed  plan,  to  show  the 
groining  of  its  vault. 

However  interesting  and  excellent  the  materials  for  it  furnished 
by  Mr.  Barry  may  be,  the  publication  does  not  seem  to  have 
been  jdanned  with  much  judgment  or  foresight.  The  separate 
"  History"  of  the  Palace  of  \Vestminster  is  by  Jlr.  H.  T.  Hyde ; 
but  who  is  the  general  editor,  or  who  writes  the  descriptive  por- 
tion of  the  letter-press  is  not  said,— it  is  certainly  nothing  to 
boast  of.  As  to  wliat  calls  itself  "  Introduction,"  that  might,  in 
our  opinion,  very  well  have  been  spared,  for  it  strikes  us  as  being 
in  wretchedly  bad  taste — a  tissue  of  vulgar  bombastic  common- 
place, and  puff. 

Since  the  above  was  put  into  the  printer's  hands,  we  have  seen 
Part  II.,  which  came  out  only  a  very  few  days  after  Part  I.,  and 
which  gives  us  thiee  more  plates.  The  first  of  them  exhibits  to 
us  in  perspective  a  portion  of  the  exterior — viz.,  the  "■  South- 
Wing  Towers"  of  the  principal  or  east  front;  yet,  although  care- 
fully done  by  a  very  competent  architectural  draughtsman  (Mr.  J. 
Jolnison),  and  although  we  cannot  but  commend  the  diligence  be- 
stowed upon  the  drawing,  the  engraving  is  not  altogether  satisfac- 
tory. What  has  been  alleged  by  some  against  the  building  itself, 
makes  itself  here  felt;  for  the  multiplicity  of  the  details  and  en- 
richment spread  over  every  part,  is  such  as  to  occasion  no  small 
degree  of  confusion  and  indistinctness.  This  is  especially  the 
case  with  regard  to  the  upper  part — the  towers  and  the  roof, 
where  the  different  forms  and  surfaces  do  not  define  themselves  at 
all  clearly.  More  decided  general  effect  as  to  light  and  shade,  and 
greater  vigour  of  touch,  are  required.  In  fact,  the  ordinary  mode 
of  lithography — that  here  em])loyed — is  hardly  capable  of  doing 
justice  to  such  a  subject,  for  it  shows  poor  and  flat  in  comparison 
with  that  improved  method  in  which  the  whites,  as  they  are  tech- 
nically termed,  are  printed ;  therefore,  after  being  now  accustomed 
to  that  more  energetic  and  pictorial  mode  of  lithography,  we  feel 
dissatisfied  with  the  one  here  practised.  With  the  next  plate — 
the  Interior  of  the  Rojal  Porch — we  are  made  to  feel  very  much 
so ;  for  whether  it  be  that  the  impression  we  have  got  is  a  defec- 
tive one,  it  is  particularly  feeble  and  tame,  and  most  of  all  so  in 
those  parts  which  require  some  of  the  deepest  touches  of  shadow. 
While  there  is  little  or  no  truth  as  to  the  general  effect  of  light 
in  such  a  situation,  the  shafts  and  mouldings   of  the  second  or 


smaller,  immediately  inclosing  tlie  third  and  smallest  arch,  are 
scarcely  defined  at  all  below,  on  tlie  side  which  is  in  the  shadow. 
It  may  also  be  objected  that  this  subject  shows  us  very  little  more 
than  what  is  seen  in  Plate  III.  beyond  the  open  arch  in  the 
elevation  of  the  exterior  of  the  porch,  the  view  being  confined 
merely  to  that  east  side,  without  showing  anything  of  the  vaulted 
roof,  or  of  the  flight  of  steps  on  the  north  side  leading  up  to  the 
royal  entrance  into  the  building  ;  which  is  consequently  not  even 
so  much  as  indicated,  although  it  might  very  easily  have  been  so 
by  just  reducing  the  scale  a  trifle,  and  bringing  a  little  more  of 
the  interior  into  view.  This  jjlate  moreover  confirms  what  we 
have  said  as  to  the  injudiciousness  of  numbering  the  subjects  ac- 
cording to  the  order  in  which  they  happen  to  be  published,  since 
this  view  is  partly  identical  in  subject  with  Plate  III.,  accordingly 
ought  to  have  immediately  followed  it ;  instead  of  which,  Plate 
IV.  is  altogether  different  in  subject — one,  besides,  which  interrupts 
the  natural  sequence  of  the  subjects,  for  all  tlie  respective  views 
of  the  exterior  ouglit  to  come  together,  and  follow  each  other  in 
some  regular  order ;  yet  no  such  arrangement  can  now  he  adopted, 
except  by  disregarding  the  numerical  order  of  the  plates,  and 
thereby  giving  the  letter-press  the  appearance  of  being  strangely 
shuflled-up.  Plate  VI.,  however,  does  really  follow  Plate  V.  with 
great  propriety  ;  it  showing  on  a  larger  scale  the  statues  of  the 
three  popular  Saints,  Andrew,  George,  and  Patrick,  in  the  niches 
over  the  gate  leading  to  the  royal  court.  Whether  they  are 
worthy  of  having  a  plate  devoted  to  them  is  a  different  matter : 
as  mere  arcliitectural  accessories,  they  may  be  privileged  to  pass 
muster  without  criticism  ;  but  if  they  challenge  admiration  on 
their  own  account  as  works  of  art,  they  are  not  likely  to  obtain 
it — at  least,  not  as  here  represented,  which  is  but  in  a  very  so- 
so-ish  manner. 


A  General  Sheet  Table  for  Facilitating  the  Calculation  of  Earth- 
works for  Railways,  Canals,  S;c.  By  Francis  Bashfortii,  M.A., 
Fellow  of  St.  John's  College,  Cambridge. — Chain  of  100  Feet. 

Mr.  Bashforth's  previously-published  table  of  earthworks  was 
calculated  to  a  chain  of  (jli  feet.  He  has  now  extended  the 
utility  of  his  labours  by  calculating  the  present  table  for  a  chain 
of  100  feet :  the  method  of  applying  the  figures  remaining  the 
same  as  before.  As  we  have  already  reviewed  at  length  Mr. 
Bashforth's  system,  which  is  distinctly  and  peculiarly  his  own,  and 
have  had  occasion  to  decry  an  attempt  to  rob  him  of  his  inde- 
feisible  right  and  property  in  his  own  labours,  it  is  not  necessary 
now  to  speak  further,  either  in  the  way  of  explanation  or  com- 
mendation. In  the  present  table  the  proportional  parts,  instead 
of  being  contained  on  a  separate  card,  are  printed  beside  the  in- 
tegral numbers.  By  this  arrangement  space  and  trouble  are 
saved,  and  all  the  information  which  is  usually  requisite  is  con- 
densed and  jiresented  at  one  view.  We  are  afraid  to  say  much 
in  praise  of  the  improvements  which  the  author  has  effected  in 
the  calculation  of  earthworks,  lest  our  observations  should  pro-, 
voke  the  cupidity  of  some  literary  burglar  :  property  in  tables  of 
earthworks  is  found  to  be  so  insecure,  that  the  only  safe  way  of 
retaining  it  seems  to  be  by  concealing  it. 


Incitements  to  Stnrlies  of  Steam  and  the  Steam-Engine  ;  or.  Prac- 
tical Facts  relative  thereto  Properlg  Appropriated.  By  ^\'.  Temple- 
ton,  R.N.  Woolwich.     London  :  John  Williams,  1848. 

The  object  of  this  little  book  is  to  diffuse  information  on  marine 
engineering,  particularly  to  enable  persons  to  prepare  for  the  exa- 
minations for  engineers  in  the  navy.  Of  course,  such  a  work  will 
be  equally  useful  for  engineers  in  the  commercial  steam  service. 
We  think  it  likely  to  be  very  serviceable  for  those  classes  to  whom 
it  is  addressed,  and  we  therefore  recommend  it  to  our  readers  who 
feel  an  interest  in  the  subjects  to  which  it  refers. 

Mr.  Templeton  suggests  as  one  of  the  uses  of  this  little  book, 
that  although  it  is  "not  professedly  instructive  for  the  higher 
branches  of  the  profession,  it  may  be  found  available  as  a  ready 
prompter,  for  refreshing  the  memory  on  points  of  practice.  By 
keeping  up  the  standard  of  attainments  among  working-men,  we 
think  Mr.  Temi>leton  will  do  some  good. 
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GEORGE  STEPHENSON. 

On  the  death  of  a  g^eat  man  it  is  a  good  time  to  think  of  what 
he  has  done.  We  are  struck  by  the  loss :  the  thought  comes 
gloomily  that  he  who  so  lately  stood  among  us,  whose  smile  still 
beams  upon  lis,  whose  sayings  are  fresh  in  our  ears,  and  whose 
looks  have  not  faded  from  our  sight,  has  ended  his  days  here  and 
sought  another  world.  We  begin  to  tell  over  his  words  and  deeds, 
the  great  and  good  things  he  has  done,  his  strength  and  his  fail- 
ings, his  sorrows  and  his  joys ; — we  hasten  to  snatch  a  last  look 
before  the  bright  remembrance  is  dimmed. 

George  Ste])henson  was  so  lately  amidst  us,  in  strength  of  body 
and  mind  unbroken,  that  it  is  hard  to  believe  he  lies  in  the  cold 
grave  ;  and  the  more  so  while  his  works  speak  so  loudly  of  him. 
In  mind  he  is  among  us,  if  not  in  body — indeed,  his  remembrance 
cannot  so  soon  leave.  The  last  duties  have  been  paid — the  earth 
has  been  laid  upon  him,  his  name  is  written  on  his  coffin,  and  the 
newspapers  have  told  of  liis  birth  and  his  death  :  but  his  brethren 
have  yet  much  to  think  over.  He  has  given  the  engineers  of 
England  a  European  name  ;  he  has  opened  for  them  anew  field  of 
employment  at  home,  a  wider  field  of  honour  and  of  wealth  abroad, 
and  they  owe  him  heartfelt  thanks. 

When  we  look  to  the  man,  our  hearts  are  stirred  within  us.  We 
begin  with  his  lowly  birth,  we  witness  his  great  rise,  his  wonderful 
works,  but  still  more  his  kindly  feelings ;  we  wonder  how  he  did 
so  much  from  small  beginnings,  and  every  young  man  burns  to 
foUow  in  the  footsteps  of  one  so  truly  great  and  good.  We  have 
thought,  tlierefore,  a  few  words  may  be  in  good  time  now,  gathered 
from  the  several  books  and  papers  in  which  they  lie  scattered,  and 
which  may  perhaps  be  a  spur  to  those  able  to  do  something  worthier 
of  the  man. 

His  life  is  none  the  less  useful  as  being  that  of  a  working-man, 
who  by  his  own  straight-forwardness  raised  himself  to  the  topmost 
height ;  and  as  he  began  without  school-learning,  and  in  a  private 
way,  it  opens  many  of  those  questions  which  have  been  much 
written  upon  of  late  years  as  to  the  teaching  of  engineers,  and  how 
far  they  should  be  under  the  sway  of  a  government.  Inasmuch, 
too,  as,  unlike  many  men  of  learning,  he  was  most  happy  in  earning 
wealth,  and  in  keeping  it,  in  a  good  name,  and  in  the  love  of  his 
household,  it  may  be  worth  while  to  ask  why  he  should  hav*  had  a 
better  lot  than  other  men,  and  what  share  an  upright  and  manly 
mind  had  in  helping  on  a  quick  and  ready  wit.  Many,  indeed,  think 
that  a  clever  man  may  do  as  he  likes,  and  that  he  need  put  no 
bridle  on  his  wishes,  nor  trouble  himself  whether  his  deeds  be  right 
or  wrong,  but  may  be  a  good  and  successful  engineer  notwithstand- 
ing.    Stephenson's  life  will  tell  us  something  on  all  these  heads. 

I.    BOYHOOD. 

George  Stephenson  was  born  in  1760,  at  a  small  and  lone  cot- 
tage between  Close-House  and  Wylam,  in  Northumberland,  and 
within  nine  miles  of  Newcastle,  in  the  colliery  district.  He 
was  one  of  several  children,  the  son  of  poor  people,  who  had  long 
dwelt  in  the  same  neighbourhood,  and  who  were  very  respectable. 
The  elder  Stephenson  is  said  to  have  been  a  collier,  but  by  otlier 
more  likely  accounts '  an  engine  tenter  at  a  colliery.  That  the 
parents  were  people  of  high  character  is  best  proved  by  the  early 
life  of  the  son,  but  most  by  his  behaviour  towards  them. 

Schooling  they  were  ill  able  to  give  him,  and  it  is  not  certain 
that  he  learned  to  read  before  he  began  to  labour  ;  but  he  had  that 
best  kind  of  teaching  which  comes  from  the  heart.  An  open  and 
upright  mind  «  as  the  true  groundwork  on  which  his  greatness  was 
built,  and  he  owed  it  to  the  humble  home  in  which  he  was  brought 
up.  We  pride  ourselves  now-a-days  that  we  have  spread  national 
schools  over  the  land,  and  that  we  have  taken  care  for  the 
right  bringing  up  of  youth  ;  and  we  think  it  much  better  that  all 
c«n  now  learn  to  read  and  write.  It  may  however  well  be  asked, 
how  far  this  alone  is  good ;  for  we  have  struck  a  blow  at  that  home- 
<ichooling,  under  which  for  so  many  hundred  years  Englishmen 
have  been  bred.  Formerly,  the  cotter  had  the  whole  care  of  his 
children;  the  father  and  the  mother  were  held  answerable  for  their 
offspring,  and  if  these  ended  ill,  the  shame  was  a  by-word  among 
tlie  neighbours.  Now,  the  child  is  handed  over  to  the  schoolmaster, 
without  whose  teaching  life  is  held  as  nought,  and  whose  reading 
and  writing  are  to  breathe  worth  into  the  boyish  mind.  It  is  no 
longer  said  learning  is  better  than  house  or  land,  but  that  it  stands 
in  the  stead  of  everything,  and  is  worth  itself.  The  work  of 
father  and  mother  is  now  at  an  end ;  and  if  any  ill  befall,  they 
answer  they  sent  the  child  to  school,  and  if  any  be  in  the  wrong  it 
njust  be  the  schoolmaster.  This  is  telling  more  than  is  believed, 
and  is  one  of  those  things  which  is  sapping  England.     How  often 
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must  it  be  said  that  reading  and  writing  are  not  to  bring  a  child  up, 
while  its  body  and  its  soul  are  untaught  ?  and  better  is  it  to  have 
the  homely  Plnglish  breeding  of  George  Stephenson  than  the  mock 
useful-knowledge-schooling  of  Dr.  Bell  or  the  Prussians. 

If  not  taught  to  write,  George  Stephenson  was  taught  to  be  a 
good  son,  and  an  upright  man  ;  and  thus  in  after-time  to  find  in  his 
own  son  a  true  helpmate,  and  one  who  fondly  loved  him.  It  is 
not  likely  that  the  lad  felt  any  repining,  but  earnestly  took  up — 
what  should  be  the  lot  in  life  of  all — to  work  for  his  bread  by  the 
sweat  of  his  brow.  He  never  looked  for  anything  else, — he  had  no 
yearning  for  idleness,  and  his  mind  never  gave  way  under  the  burthen 
which  was  laid  upon  him  in  after-life.  In  common  with  his  brothers 
he  was  early  set  to  work  to  earn  his  share  of  the  hotisehold  food — 
so  early,  that  his  first  earnings  were  only  two-pence  a  day.  He 
led  the  horse  at  the  ]>lough  when  almost  too  young  to  stride  across 
the  furrow ;-  riding  him  to  his  work  betimes  in  the  morning,  when 
many  children  were  still  asleep,  and  had  not  begun  their  boyish 
play. 

So  lowly  were  his  first  endeavours,  that  they  were  given  to  the 
ploughshare  or  the  coal-heap.  Sometimes  he  wrought  at  picking 
bats  and  dross  from  tlie  coal ;  and  he  was  so  young,  and  so  young- 
looking,  that  he  had  often  to  liide  himself  when  the  overseer  went 
round,  lest  he  should  be  thought  too  little  to  earn  his  small  living.' 
From  twopence  a  day  he  rose  to  fourpence,  and  at  length  to  six- 
pence a  day, — as  great  a  rise,  and  perhaps  as  fraught  with  brightest 
hopes  and  swelling  pride,  as  when  in  after-years  his  locomotives 
mo\'ed  from  miles  to  scores,  and  when  the  maker  of  a  short  tram- 
way became  the  undertaker  of  iron  roads  between  London  and  the 
millions  of  the  north,  and  kings  and  statesmen  smiled  on  the  won- 
ders he  had  wrought. 

In  his  boyhood  he  was  most  marked  among  tlie  playmates  of  the 
hamlet  as  foremost  in  their  sports  and  pastimes, — and  indeed  we 
need  not  wish  for  more.  His  mind  was  not  talked  beyond  its 
strength,  nor  made  to  yield  unripe  fruit.  The  healthy  growth  of 
his  body  enabled  him'  to  work  out  whatever  his  powerful  mind 
spurred  him  to  do ;  and  for  twenty  years  of  his  life  (from  forty  to 
sixty),  he  never  flagged  in  tasks  which  the  unbroken  strength  of 
youth  can  seldom  master. 

It  is  said  that  he  early  showed  a  meclianical  turn,  and  that  he 
mended  the  clocks  and  watches  of  the  pitmen,  and  even  made  their 
shoes,*  to  eke  out  his  boyish  earnings ;  but  it  seems  more  likely  that 
the  watch  and  clock  mending  belonged  to  a  later  time  of  his  life, 
for  had  he  shown  such  a  happy  knowledge,  it  is  hardly  likely  that 
his  skill  should  have  been  so' little  thought  of,  as  until  his  man- 
hood it  seems  to  have  been. 

Shortly  after  he  had  come  into  his  teens,  he  worked  as  breaksman 
for  Waterrow  pit,  on  the  tramway  lietween  Wylam  and  Newburn. 
By  this  time  his  fatlier  had  moved"  from  AVSlam  to  Walbottle.  The 
lad  now  set  up  his  first  servant,  wliich  was  no  other  than  a  great 
dog,  whom  he  taught  to  bring  his  dinner  daily  from  Walbottle 
colliery  to  the  tramway.'^ 

He  is  said  even  at  this  time  to  have  helped  in  keeping  his  father 
and  mother," — a  homely  deed,  but  one  of  which  he  had  a  greater 
riglit  to  be  proud  than  of  any  engineering  undertaking.  A  right 
English  feeling  in  his  love  of  kindred  was  always  lively  in  his  mind, 
and  it  showed  itself  in  his  fondness  for  his  father,  liis  son,  and  the 
children  of  his  brothers,  and  in  every  deed  of  his  life.  While 
earnest  to  make  his  own  way,  he  was  no  less  so  that  those  about 
him  should  get  forward— nay,  if  it  might  be,  e\en  l)efore  him;  and 
wliile  his  mind  ivas  still  unbroken,  he  left  his  son  to  carry  out  alone 
tlie  great  works  in  which  they  had  begun  togetlier. 

II.    KILLINGWORTH. 

The  Stephensons  went  to  Willington  and  Killingworth,  at  which 
latter  is  a  colliery  belonging  to  Lord  Ravensworth  and  his  partners. 
Young  George  was  now  put  to  be  stoker  to  a  colliery  engine,  at 
one  shilling  a-day,  and  as  he  himself  told— "In  my  younger  days 
I  worked  at  an  engine  in  a  coal-pit.  I  had  then  to  work  early  and 
late,  often  rising  to  my  labour  at  one  and  two  o'clock  in  the  morn- 
ing."' It  was  at  Killingworth,  however,  that  his  lot  in  the  world 
was  settled,  for  there  he  made  his  beginning  as  an  engineer. 

As  his  strength  grew  so  did  his  work,  and  he  went  on  until  he 
became  an  engineman  at  12s.  a-week.  This  was  a  great  step,  as 
he  never  forgot,  for  some  months  ago  being  at  Newcastle,  he  sent 
for  an  old  fellow-workman  to  dine  with  him  at  the  Queen's-Head 
hotel,  and  talk  over  old  times.— "  Do  you  remember,  George,__ 
asked  his  friend  after  dinner,  "when  you  got  your  wages  raised? 
"  Well,"  said  Stephenson,  "  what  about  that 't"     "  You  came  out 
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of  tlic  office  all  smiles,  and  told  us  you'd  got  your  wapes  raised  to 
12.?.  a-week,  and  you  were  a  man  for  life.  Now,  you  ncjuld  find  it 
hard  to  tell  wliat  you  have  a-week."  "  Yes,"  answered  he,  laughing, 
"  I  dare  say  I  should."^ 

It  was,  however,  a  great  step,  for  it  had  a  share  in  his  teaching. 
He  was  at  home  with  the  steam-engine,  and  with  his  searching 
mind  he  was  storing  up  that  knowledge  which  was  to  be  most 
useful  to  him.  It  was  a  good  working-school  for  a  great  engineer — 
as  good  as  Brindley's  in  a  mill,  or  Watt's  in  his  workshop  at  Glas- 
gow. His  mind  was  awakened :  he  did  not  stand  listlessly  by  to 
feed  the  fires, — but  the  engine  lay  before  him  as  a  book  wherein  to 
re<id  its  ^workings,  to  master  its  powers,  to  know  its  weaknesses, 
to  task  its  cunning.  There  is  something  in  the  steam-engine 
wliioh  is  a  spell  and  a  charm  to  the  beholder, — something  more  and 
something  else  than  the  love  of  the  sailor  for  his  ship  ;  such  as  the 
weaver  feels  not  at  his  loom,  nor  the  smith  before  his  anvil.  The 
smith  or  the  weaver  is  the  maker — the  Iiammer  or  the  sliuttle  works 
as  his  hand  lists ;  but  the  steam-engine  stands  as  witli  life  and 
breath  witliin  it — -working  of  itself,  earnestly,  steadily,  and  manfully; 
by  day  and  by  night,  in  its  youth  and  in  its  elder  years,  when 
scores  of  men  wlio  wrought  with  it  have  sickened  and  breathed 
their  last.  To  the  working-man  it  is  a  thing  of  care  and  love,  and 
its  siglit  seems  to  give  miglit  to  those  who  behold  it,  and  to  teach 
them  the  cunning  which  is  in  its  own  make.  Thus,  boys  who 
watched  strengthened  it  with  cords  and  rods  of  iron; — thus,  a  toy  in 
the  hands  of  AVatt,  it  claimed  his  life  for  its  care,  and  grew  to 
unwonted  growth ; — thus,  time  after  time,  have  master  and  workman 
nursed  its  childhood,  and  helped  it  onwards  to  its  mightiest 
strength — and  Stephenson  has  not  been  among  the  least  of  these. 
The  weaver  does  not  better  the  kiom  ;  but  day-by-day  some  lowly 
workman  gives  his  small  meed  of  help  to  the  steam-engine. 

The  next  step  that  we  know  of  in  Stephenson's  onwaid  path  was 
his  getting  seventeen  shillings  a-week."  Whether  this  was  at 
M^illington  or  Killingivorth  is  not  settled  ;  but  soon  afterwards  he 
was  at  Killingworth,  with  a  shilling  a-week  more,  and  sometimes 
putting  to  his  slender  earnings  a  little  for  his  over-time  or  for 
piece-work. 

He  had  now  grown  up  to  manhood,  and  to  a  good  name  among 
liis  neighbours,  being,  as  those  who  now  live  remember,  a  hard- 
working and  upright  man,  having  the  trust  of  his  masters  and  of 
his  fellow  workmen. 

One  of  tlie  first  deeds  in  which  he  is  said  to  have  shown  his  skill 
was  at  Killingworth.  The  sheaves  over  which  the  ropes  work  at 
the  pit  were  much  fretted  as  they  were  then  made,  and  the  ropes 
wore  quickly  away.  Indeed,  the  ropes  which  elsewhere  lasted  three 
months,  wore  out  at  that  pit  in  a  month.  This  was  a  hea\'y  outlay  to 
the  owners,  and  much  trouble  to  the  work  people.  Many  ways 
were  tried,  but  fruitlessly;  and  at  length  they  gave  up  all  hope  of 
a  cure.  Seeing  the  evil  was  great,  Stephenson  gave  his  mind  to 
find  out  whence  it  arose;  and  having  done  so,  he  set  to  work  and  put 
tlie  sheaves  to  rights,  so  that  a  rope  was  saved  in  two  or  three 
months. ' " 

By  this  time  he  began  to  feel  his  own  worth,  and  to  yearn  after 
something  better  than  his  then  way  of  living  ;  but  he  thought  that 
to  better  his  means,  no  other  way  was  so  good  as  to  learn  more,  and 
fit  himself  for  higher  tasks.  He  had  it  in  hand  moreover  to  go  to 
New  England,  whither  the  stream  of  settlers  did  not  flow  so  fast  as 
it  does  now,  and  where  therefore  greater  hopes  were  held  out 
to  the  skilful  workman  who  chose  to  leave  the  Old  World  so 
far  behind.  In  tlie  beginning  of  this  age,  it  was  a  greater  task  to 
go  to  America  than  it  now  is  to  go  to  New  Zealand ;  and  it  shows 
young  Stejihenson's  boldness  that  he  undertook  it.  Nevertheless, 
it  is  not  likely  that  it  was  his  own  thought,  but  that  of  one  of  the 
two  men  who  were  to  be  his  fellows  in  the  undertaking.  One  of 
these,  named  Wood,  gave  Stephenson  a  knowledge  of  writing  and  of 
numbers,  which  it  therefore  seems  he  did  not  learn  until  his  man- 
hood. It  was  the  wish  of  Wood  and  Stephenson  to  try  their  hands 
in  tlie  New  World  at  mechanics  and  farming,  for  which  latter 
he  had  at  all  times  a  love."  If  we  remember  that  in  those  days 
the  trip  to  America  was  costly,  and  that  no  one  could  go  free,  we 
may  see  that  Stejihenson  must  have  had  some  thrift,  when  he  was 
able  from  his  slight  earnings  to  save  wealth  enough  for  such  a  task. 
It  shows,  too,  that  he  was  not  given  to  drinking  or  to  waste,  but 
had  steered  free  of  that  shoal  on  which  too  many  working-men  are 
wrecked — the  pot-house,  in  which  their  wages  are  swallowed  up, 
their  minds  blasted,  and  their  health  worn  out.  We  know,  indeed, 
there  were  few  evenings  of  George  Stephenson's  early  life  which 
were  idly  spent.  First,  he  was  kept  late  at  his  engine;  afterwards 
his  nights  were  spent  in  learning ;  by-and-by  in  earning  the  means 
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for  his  son's  schooling,  and  afterwards  in  working  and  learning  by 
his  side. 

Beyond  the  prompting  of  Wood  or  his  other  mate,  there  was 
much  in  the  times  to  work  upon  the  mind  of  any  thoughtful  man 
in  the  lower  walks  of  life.  In  1800,  a  fearful  dearth  siircad  through- 
out Europe,  and  the  want  of  bread  was  sorely  felt  among  us.  The 
war,  too,  had  full  sway — wages  were  low,  food  dear,  and  what  was 
worse,  the  lot  of  the  working-man  was  cast  under  the  bitterest 
thraldom  which  ever  befell  Englishmen.  George  Stejdienson,  in 
common  with  every  poor  and  friendless  man  in  every  hamlet 
throughout  the  land,  might  have  been  torn  from  his  liome  and 
kindred  at  any  hour  by  a  press-gang;  hurried  off  to  sea,  and  kept  in 
bondage,  as  many  good  tradesmen  now  in  London  have  been,  for 
ten  long  years  or  more  without  setting  foot  on  English  ground. 
He  was  open  to  the  lot  of  the  militia  and  the  local  militia,  and 
could  only  find  some  one  in  his  stead  at  a  very  great  outlay.  In 
many  townships,  wages  were  made  up  by  the  parish-board,  and  the 
hard-working  man  was  made  a  beggar  against  his  will.  Such  was 
the  lot  of  the  working-man,  were  he  even  husband  or  father:  his 
life  was  not  his  own;  his  freedom  hung  by  a  thread,  at  the  breath 
and  will  of  others.  George  Stephenson,  too,  might  have  been 
pressed,  as  others  were.  These  were  the  good  old  times — gone,  it 
is  to  be  hoped,  never  to  come  again  ;  now  almost  forgotten,  and  even 
when  reail  here  it  will  hardly  be  believed  that  in  boasting  England 
such  things  were. 

It  could  hardly  be  otherwise  than  that  the  manly  English  mind 
of  George  Stephenson  should  spurn  the  lot  in  which  he  seemed  to 
be  cast,  and  yearn  for  the  freedom  which  was  held  out  to  him 
among  our  brethren  on  the  other  side  of  the  great  sea;  and  had  he 
gone,  we  should  have  lost  him  as  we  have  so  many  other  men  of 
great  mind — lost  to  England,  and  gone  to  swell  the  wealth  and 
fame  of  America,  and  keep  up  the  race  of  life  against  us.  Those 
who  know  our  best  working-men,  are  well  aware  how  wistfully  they 
look  to  those  lands  where  they  can  share  in  the  birthright  of  their 
fathers,  and  how  often  they  give  up  a  good  livelihood  at  home  for 
tlie  love  of  that  freedom  which  is  withheld  from  them  in  England 
by  the  working  of  the  laws.  Irishmen  go  to  Canada  or  New 
Brunswick ;  but  the  Englishman  who  leaves  home,  goes  not  to  our 
settlements,  but  to  the  United  States — for  he  seeks  more  than 
bread.  If,  too,  a  man  of  quick  mind,  he  is  not  shut  out  by  burthen- 
some  patent-laws  from  reaping  the  fruits  of  his  skill ;  and  the  best 
wealth  he  takes  with  him  is  often  some  bright  thought,  which 
ripens  in  the  new  land  he  has  chosen.  We  may  follow  in  our 
mind's  eye  George  Stephenson  across  the  seas,  and  behold  him 
building  at  Philadelphia  the  engines  and  railways  of  which  he  has 
here  made  us  proud.  These  are  things  little  thought  of — but  still 
worth  thinking  about,  for  they  come  home  to  the  bosom  of  every 
free-minded  working-man  among  us. 

It  was  unwillingly,  and  with  sorrow,  Stephenson  thought  of 
leaving  his  kindred  and  his  best  beloved,  his  homestead  and  the 
land  of  his  birth,  of  his  boyish  games  and  of  his  early  manhood. 
It  went  against  his  heart ;  but  he  felt  upon  him  the  strong  call  to 
free  himself  from  the  thraldom  which  beset  him  round.  Thus  he 
told  afterwards  to  one  who  knew  him  :  he  said,  "  You  know  the 
road  from  my  house  at  Killingworth  to  such  a  spot. — \Vhen  I  left 
home  and  came  down  that  road,  I  wept,  for  I  knew  not  wliere  my 
lot  would  be  cast."'^  How  bitter  must  have  been  the  thought  to 
one  who  felt  so  deeply. 

It  was  not,  however,  to  be  so — we  were  not  to  lose  him.  While 
his  lot  hung  by  a  thread,  and  day  by  day  the  time  for  leaving 
drew  nearer,  he  had  every  morning  as  he  went  to  his  work  to  pass  a 
newly-sunk  pit,  whence  they  were  endeavouring  to  draw  the  water; 
and  time  after  time  did  lie  see  the  pit  overseers  and  engineers 
striving  bootlessly  to  get  through  their  work.  In  one  of  his 
walks  he  stopped  to  look,  and  could  not  help  saying  to  some  of 
those  around,  that  if  they  would  let  him,  he  could,  to  use  his  own 
words,  "  set  them  to  the  bottom."  He  was  at  first  laughed  at,  but 
at  leng-th  they  left  him  to  have  his  way ;  and  he  went  through 
with  it  so  as  fully  to  answer  to  what  he  had  held  forth. '^ 

This  gave  him  a  name  among  the  neighbours  as  a  skilful  man; 
and  he  was  no  less  happy  with  an  engine  which  had  been  put  up  to 
pump  water  at  a  pit,  biit  would  not  do  its  work,  for  it  could  not 
be  made  to  pump.  As  is  said  at  all  such  times,  the  skill  of  the 
whole  neighbourhood  was  overcome,  and  Stephenson  came  in  as 
the  last  doctor,  to  make  the  cure,  and  make  it  more  wonderful.  He 
said  he  could  make  the  engines  pump  in  a  few  hours  ;  and  though 
not  believed,  he  did  so,  to  the  delight  of  the  overseers.'"  Whether 
this  was  tlic  same  work  as  that  already  named  we  cannot  say,  for 
by  some  it  is  told  as  two  things.     One  writer'"  says  it  was  a  large 
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condensing-engine,  made  to  draw  water  from  the  pit,  and  which 
had  gone  wrong.  After  several  fruitless  trials  to  mend  it,  Ste- 
phenson had  the  rashness  to  undertake  the  job,  which  he  did  fully 
— and  moreover  made  some  improvements  in  the  engine.  Stephen- 
son himself  said"'  that  lie  had  made  some  improvements  in  engine 
work.  This,  however,  is  sure — that  he  had  got  the  trust  of  the  pit- 
owners  ;  and,  having  a  better  hope  of  livelihood,  he  gave  up  the 
thought  of  settlement  abroad,  and  made  Killiugworth  his  home 
for  some  time. 

When  he  was  twenty-two  years  old,  he  wedded  a  young  woman 
of  the  nei^ibourhood  ;  and  in  1803,  his  son  Robert  was  born  ;  hut 
•he  had  no  other  child.  In  the  life  of  another  man,  the  birth  of  a 
child  would  not  be  worth  naming ;  but  with  his  fatherly  fondness, 
the  child  became  the  apple  of  his  life,  until  he  grew  up  to  be  his 
fellow-workman,  to  earn  a  great  name,  and  to  hold  that  standing 
among  the  mighty  of  the  land  which  the  father  would  not  take. 
All  went  so  liappily  with  George  Stephenson,  tliat  everything 
seemed  to  fit  him.  He  was  able  to  give  his  only  son  that  breeding 
and  that  schooling,  which,  if  he  had  had  many  children,  would  per- 
haps liave  been  beyond  his  reach — though  it  is  hard  to  spell  what 
never  liappened.  Tliis,  however,  we  may  say — -that  Robert  Stephen- 
son owes  liis  greatness  to  the  unshared  care  of  his  father,  who  shaped 
his  mind  from  earliest  years  to  the  full  strength  of  manhood. 
Paintings  have  been  drawn  of  the  fondness  felt  by  a  mother  in 
watching  the  growth  of  an  only  son  ;  but  there  is  something 
dearer  in  the  father,  like  George  Stephenson,  who,  in  the  son  of 
his  youth,  not  only  sees,  but  shares,  in  the  growth  of  a  great  and 
maiilv  mind.  The  mother  can  but  be  as  a  looker-on,  and  cannot  feel 
his  deeds  to  the  full ;  but  the  father,  whUe  watcliing  with  the  eye 
of  a  master,  takes  share  and  part  in  tlie  toil.  To  few  men  this 
happens ;  for,  in  the  common  way  of  things,  a  man  weds  late  in 
life,  and  the  son  comes  upon  the  world  only  as  the  father  is  leaving 
it,  and  before  the  strength  of  manhood  has  ripened  to  its  full. 

The  engineman  had  now  become  a  stripling  engineer,  and  began 
to  look  out  for  a  wider  field.  He  seems  to  have  tried  his  hand  on 
most  kinds  of  colliery  work.  It  is  said  tliat  he  laid  down  some 
tramways,  or  wagon-ways  as  they  are  named  in  the  north,  and 
made  some  improvements  in  them. ' ' 

He  was  now  getting  a  good  name  among  the  neighbouring  land 
and  coal  owners,  and  had  got  on  the  high-road  to  engineering. 
Instead  of  being  pinned  to  the  stake,  as  a  workman  by  the  day  or 
week,  it  was  open  to  him  to  rise  as  others  had  done  around  him, 
and  to  make  his  way  as  a  mining  engineer.  The  colliery  school  was 
a  better  one  for  breeding  great  engineers  than  even  that  of  Corn- 
wall ;  for  it  had  all  that  Cornwall  had,  and  more  too.  The  Corn- 
ishman  could  learn  the  steam-engine,  pump- work,  and  mine  sur- 
veying ;  he  saw  enough  of  sinking,  and  driving,  and  draining. 
The  Northumbrian,  however,  while  he  had  all  these  to  learn  by, 
having  a  greater  bulk  to  move,  had  to  look  more  to  the  roads  and 
ways  on  which  so  many  thousand  chaldrons  were  borne  to  the 
sliip-side.  Hence,  in  Northumberland,  many  men  had  turned  their 
skill  towards  the  roads  and  wagon-ways,  to  the  rails  and  sleepers, 
and  to  the  works  and  bridges  by  which  they  were  borne  over  the 
rivers  and  hollows.  Both  had  the  same  school  in  the  works  of  the 
millwriglit  and  the  iron-founder,  but  the  Northumbrian  was  better 
off;  because,  instead  of  the  outaway,  small  towns  of  Truro,  Red- 
ruth, and  Camborne,  he  had  near  him  Newcastle,  on  the  high  road 
from  London  to  Scotland  ;  and  having  its  booksellers,  schools,  and 
men  of  learning.  He  was  much  nearer  to  the  world  than  his 
Cornisli  brother,  truly  at  the  Land's-End.  The  north,  therefore, 
has  given  us  more  civil  engineers  than  the  west,  tliough  the  latter 
has  its  Trevithick  and  its  Woolf. 

By  Lord  Ravensworth,  and  others,  Stephenson  was  employed  in 
putting  up  steam-engines,  and  sloping  planes  under-ground  ;  and 
in  one  pit,  two  or  three  engines  were  made  to  do  the  work  of 
nearly  100  horses.'^ 

We  have  seen  that  Stephenson  had  a  love  of  knowledge,  by 
what  he  had  learned  with  AVood  ;  and  we  know  that  lie  must  have 
schooled  himself  much  at  this  time,  from  what  he  soon  afterwards 
did.  It  is  true,  he  was  not  fond  of  reading,  but  he  always  liked  to 
know  everything  thoroughly ;  and  he  did  not  leave  out  anything 
whereby  what  he  undertook  could  be  well  done.  It  was  always 
his  wish  to  go  to  the  ground-work,  and  to  build  steadily  up  ;  and 
he  had  a  great  dislike  for  those  engineers  who  undertake  anything 
carelessly  or  rashly.  As  he  himself  said,''  he  had  too  "frequently 
noticed  the  miscalculations  of  hundreds  of  engineers,  for  want  of 
studying  the  laws  of  mechanics,  and  knowing  that  a  pound  could 
only  weigli  a  pound."  It  was  on  that  sound  knowledge  that  his  trust 
in  himself  in  after-life  was  built,  and  that  he  was  able  fearlessly  to 
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stand  up  before  the  House  of  Commons  and  the  people,  in  his  great 
struggle  for  the  locomotive  against  the  lights  of  the  day. 

III.    THE    LOCOMOTIVE. 

Stephenson  was  now  getting  beyond  his  thirtieth  year,  his  mind 
strengthened  by  knowledge,  and  by  the  trust  that  what  he  might 
do  would  reap  its  full  reward.  His  child  was  growing  up  to  boy- 
hood, while  his  earnings  were  still  so  slender  that  he  could  do  but 
little  for  his  schooling.  He  had  at  this  time  felt  bitterly  his  own 
want  of  learning,  and  he  made  up  his  mind  that  he  would  put  his 
son  to  a  good  school,  and  give  him  good  breeding.  "  I  was,  how- 
ever," said  he  afterwards  at  a  meeting  at  Newcastle,^"  "a  poor  man  ; 
and  how  do  you  think  I  did  } — I  betook  myself  to  mending  my 
neighbours'  clocks  and  watches  at  night,  after  my  day's  work  was 
done ;  and  thus  I  got  the  means  of  bringing  up  my  son."  This  he 
might  well  say  with  boasting,  for  it  is  one  of  the  bright  lights  in 
his  life. 

The  great  draught  of  coal  on  the  tramways,  and  the  heavy  trains 
which  went  forth  from  the  pits,  had  set  the  minds  of  many  at  work 
to  use  steam  instead  of  horses  to  draw  the  loads.  The  stationary 
engine  worked  well  on  the  incline,  but  tlie  steam-horse  was  called 
for  to  run  throughout  from  the  pit's-moutli  to  the  ship's-side.  In 
1758  or  1759,  Dr.  Robison,  then  a  young  man,  had  hinted  to  Watt 
to  put  steam  to  work  wheel-carriages.-'  AVatt,  however, had  other 
things  on  his  mind,  though  he  named  it  in  his  patents  of  1769 
and  1784;  but  as  Watt  had  a  dislike  for  high-pressure  steam,  that 
may  be  one  cause  why  he  never  made  a  locomotive.-- 

About  1763,  John  Theophilus  Cugnot,  a  Lorrainer,  showed  a 
model  of  a  steam-carriage  to  the  Count  de  Saxe.  He  afterwards 
went  to  Paris,  and  got  the  help  of  the  Duke  de  Choiseul.  In  1769 
he  built  an  engine  at  the  cost  of  the  king,  and  it  was  tried  in  1770. 
It  moved  with  such  strength,  that  it  knocked  down  part  of  a  wall 
which  stood  in  its  way ;  therefore  some  thought  that  the  power  was 
too  strong  to  be  kept  within  bounds,  and  not  fit  for  common  use.-^ 
It  is  said  the  engine  was  given  up  and  put  in  the  Arsenal  Museum, 
and  is  now  kept  in  the  Conservatoire  des  Arts  et  Metiers.  It 
would  be  worth  while  for  any  engineer  who  may  be  in  Paris  to 
look  after  it. 

In  1782  or  1792,  Murdoch  made  a  model  of  a  steam-carriage  at 
Redruth.  This  was  perhaps  the  beginning  of  Trevithick's,  who  is 
said  to  have  been  brought  up  under  Murdoch,  and  who  knew  him 
well. 

In  1786,  Oliver  Evans  laid  a  plan  for  steam-wagons  before  the 
commonwealths  of  Pennsylvania  and  Maryland,  and  the  latter 
gave  him  a  privilege  for  fourteen  years — yet  he  was  never  able  to 
get  money  enough  to  build  a  wagon.  All  that  he  did  was  in 
180+  to  put  wheels  on  a  steam  dredging-machine  he  had  made  for 
cleansing  docks,  and  which  he  made  to  move  slowly,  though  in 
a  cumbersome  way.^* 

On  March  24,  1802,  Trevithick  and  Andrew  Vivian  took  out  a 
patent,-^  which  amongother  things  was  for  the  use  of  high-pressure 
steam  for  carriifges,  and  by  which  the  weight  of  the  engine  was 
brought  very  low.  A  carriage  was  made  and  run  in  Cornwall,  and 
afterwards  in  London.  Another  was  made  in  1804  in  South  Wales, 
which  was  worked  on  the  Merthyr  Tydvil  Railway,  and  "  drew 
after  it  as  many  carriages  as  carried  ten  tons  of  bar-iron,  from  a 
distance  of  nine  miles,  which  it  performed  without  any  supply  of 
water  to  that  contained  in  the  boiler  at  the  time  of  setting  out ; 
travelling  at  the  rate  of  five  miles  an  hour."^''  The  engine  had  an 
eight-inch  cylinder,  and  the  piston  a  four-fe«t  six-inches  stroke.'^' 

These  engines  fell  into  dislike,  from  the  one  on  the  Merthyr 
Tydvil  railway  blowing  up,-*  having  been  made  (against  Trevithick's 
orders)  without  a  safety-valve,  and  likewise  from  the  wrong  belief 
which  got  about  that  the  wheels  had  no  bite  on  the  rails,  and  could 
not  work  up  a  slope.^® 

One  of  Trevithick's  engines  was  sent,  singularly  enough,  to 
George  Stephenson's  birth-place,  to  Mr.  Blackett,  of  Wylam  ;  and 
thus  it  came  within  his  sight.  "This  happened  most  strangely,  and 
most  luckily,  for  the  mind  of  Stephenson  was  now  brought  to  bear 
on  the  great  work  of  his  life.  The  finding  of  Trevithick's  model 
by  Uville  was  strange,  and  most  fruitful  in  the  deeds  it  brought 
about ;  but  perhaps  we  owe  more  to  the  Wylam  engine.  On  some 
ground  or  other,  the  engine  does  not  seem  to  have  been  put  to 
work  on  the  tramway,  but  was  used  to  blow  a  cupola  in  an  iron- 
foundry  at  Newcastle'.^'     This  engine  had  one  cylinder  only,  and  a 

2  0  Newcastle  and  Darlington  Opening.  21  Kobison's  Mechanical  Philosophy. 
22  Penny  Cyclopaedia.— Art.  **  Steam-Carriage."  23  Stuart's  "  Steam-Engine." 
24  Mechanics' fliagazine,  No.  372.  25  Repertory  of  Arts,  2nd  ser.,  vol.  iv.,  p.  241. 
26  Wood  on  Railroads,  1st  edition,  p.  127.  2  7  Stuart's  Steam-Enginc,  p.  460. 
28  Railway  Register,  vol.  V.                29   Lardner  on  the  Steam- Engine,  1840,  p.  33(). 

3  0  Stuart's  Anecdotes  of  the  Steam* Engine.— Civil  Engineer's  Journal,  "Life  of 

Trevitbiclf." — Railway  Register,  vol.  v. 
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39* 


3(10 


THE  CIVIL  ENGINEER  AND  ARCHITECrS  JOURNAL, 


[OCTOBEB, 


fly-wlieel  to  secure  a  rotatory  motion  in  the  crank  at  the  end  of 
t',ic-h  strolve.  If  Mr.  ISlackett  did  not  liovvever  work  tliis  cng-ine, 
lie  h:id  anotlier  of  the  same  kind  made  and  set  iipon  his  tramway 
at  ^Vylam  ;  and  in  1813  it  worked  hy  tlie  adhesion  of  its  wheels  on 
the  rails,  thus  upsetting  the  belief  that  the  engine  could  not  so 
work. 

On  the  30th  December,  1H12,  William  and  Edward  Chapman 
took  out  a  patent  for  an  engine,  with  additional  wheels  to  work 
upon  a  chain  stretched  along  the  middle  of  the  railway  the  whole 
length.  This  engine  was  tried  on  the  Heaton  tramway,  near  New- 
castle, but  given  up. 

On  the  22nd  May,  1813,  William  Brunton,  of  Butterley,  took  out 
a  patent  for  a  locomotive  with  legs.  This  was  tried  and  worked. 
In  IKII,  Mr.  Blenkinsop  had  hit  ujjon  the  plan  of  having  a  cog- 
wheel and  cog-rail  to  overcome  the  atfhesion. 

At  this  time,  Mr.  Blackett  was  fully  at  work  experimenting  on 
the  Wylam  railway  with  an  ill-made  engine  of  Trevithick's,  which 
was  found  to  be  very  troublesome,  as  the  irregular  action  of  the 
single  cylinder  made'  jerks  in  the  machinery,  so  as  to  shake  it  in 
pieces.  Still,  the  whole  of  the  coals  were  taken  down  the  tramway 
by  this  kind  of  engine.'- 

By  this  time  George  Stephenson  was  likewise  at  work;  and  Lord 
Ravensworth  and  the  Killingworth  owners  liad  such  trust  in  him, 
that  tliey  gave  him  the  money  to  make  an  engine  in  the  opening 
of  181 1,  and  on  the  25th  or  27th  July,  18U,''-'  it  was  tried  on  the 
tramway.  As  Stephenson  said  Lord  Ravensworth  and  his  partners 
were  the  first  to  intrust  him  with  money  to  make  a  locomotive 
engine,  "  We  called  it  My  Lord.  I  said  to  my  friends,  there  is  no 
bound  to  the  speed  of  such  an  engine,  if  the  works  can  be  made  to 
stand  it."-" 

The  engine  had  two  cylinders,  each  eight  inches  diameter  and 
two  feet  stroke  ;  the  boiler  was  cylindrical,  eight  feet  long  and 
thirty-four  inches  diameter ;  the  tube  twenty  inches  diameter, 
passing  through  the  boiler.  The  cylinders  worked  two  pairs  of 
wheels  by  cranks  placed  at  right  angles,  so  that  when  the  one  was 
in  full  operation,  the  other  was  at  its  dead  points, — by  which  means 
the  propelling  ])ower  was  always  in  action.  The  cranks  were  held 
in  this  position  by  an  endless  chain,  which  passed  round  two  cogged 
wheels  placed  under  the  engine,  and  whicli  were  fixed  on  the  same 
axles  on  which  tlie  wheels  were  placed.  The  wheels  in  this  case 
were  fixed  on  the  axles  and  turned  with  them.'^ 

The  trial  was  made  on  apiece  of  road  laid  with  the  edge-rail,  ris- 
ing about  one  in  four  hundred  and  forty,  and  was  found  to  drag  after 
it,  besides  its  own  weight,  eight  laden  wagons,  weighing  altogether 
about  thirty  tons,  at  the  rate  of  four  miles;  and  after  that  time  it 
kept  steadily  at  work.  The  application  of  the  two  cylinders  made 
the  working  of  the  engine  regular,  and  secured  the  steady  progres- 
sive motion  which  was  wanted  in  the  \7ylam  engine,  there  being 
only  the  single  cylinder  and  fly-wheel."' 

It  was  not  till  the  next  year  that  Stephenson  took  out  a  patent 
for  his  locomotive,  and  here  we  find  the  bad  workyig  of  the  patent 
laws  as  bearing  upon  our  poor  workmen.  Had  tt  not  been  that 
his  first  engine  was  not  perfect,  he  could  have  had  no  patent,  and 
would  have  reaped  no  fruit  from  his  days  and  nights  of  toil,  as  he 
could  not  raise  the  money  to  pay  the  heavy  fees  which  are  drawn 
from  the  patentee.  Even  for  his  first  trial  he  wanted  money,  and 
for  which  he  was  beholden  to  the  kindly  feeling  of  Lord  Ravens- 
worth :  much  happier  than  Oliver  Evans,  who  fruitlessly  sought  in 
America  and  England  for  the  means  wherewith  to  start  his  steam- 
wagon. 

Here  we  may  rest  for  a  time,  and  think  a  little  as  to  what  led 
Stephenson  on  in  the  world.  No  man  could  be  worse  off  for  money 
or  means :  he  had  no  powerful  kinsmen,  no  wealth  left  him  by  a 
father  ;  his  earnings  were  barely  enough  for  the  wants  of  himself 
and  his  son ;  his  standing  was  lowly  ;  he  had  no  rich  schoolfellows 
or  friends  who  had  known  him  from  childhood.  A\^ithin  twenty 
years  from  this  time  he  had,  however,  got  together  houses  and  land, 
and  at  his  death  left  behind  him  wealth  which  he  never  durst  have 
hoi)ed  for.  Brindley  was  not  so  happy  in  the  end,  neither  was 
Trevithick,  nor  Dodd.  Watt  began  in  a  small  shop — but  he  be- 
longed to  the  middle  classes,  and  had  not  the  hard  task  of  working 
himself  up  from  the  lowest  depths  of  life.  If,  however,  he  gathered 
riches,  he  owed  it  to  the  fostering  care  of  Boulton,  witliout  whom 
he  would  have  spent  his  income  in  undertakings  wliich  had  not 
within  them  the  seeds  of  wealth,  whatever  else  could  be  said  for 
them.     He  would   have  made   the  finest  machinery  for  copying 
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statuary  ;  he  would  have  tried  to  the  utmost  cures  for  illnesses  of 
the  luuffs  by  breathing  gases, — but  he  would  have  died  worth  not 
one  halfpenny. 

Fulton  wandered  through  the  Old  World  and  the  New,  begging 
kings  and  commonwealths  to  give  him  the  means  of  building  steam- 
ships. We  have  seen  that  tlie  utmost  luck  of  Oliver  Evans  with 
his  steam-wagon  was  to  get  rights  which  were  of  no  use  to  him, 
and  to  turn  the  wheels  of  a  ballast-engine.  Dodd,  after  planning 
two  of  the  greatest  bridges  on  the  Thames,  and  spending  thousands 
in  bringing  steamboats  into  use,  died  unhappily. 

Trevithick,  after  trying  one  thing  after  another,  and  finding 
friend  after  friend  to  help  him,  did,  two  years  after  Stephen- 
son's beginning  at  Killingworth,  leave  England  for  the  West 
Indies;  whence  he  did  not  come  back,  and  that  penniless,  until 
Stephenson  had  laid  down  the  Stockton  and  Darlington  Railway. 
Trevithick  was  taken  up  by  Mi.  Blackett,  a  bold  and  daring  man, 
and  sent  a  locomotive  to  Wylam,  which,  like  most  things  in 
which  he  had  a  band,  was  so  wretchedly  made  that  it  was  put  to 
other  uses.  Mr.  Blackett  made  another,  and  Stephenson  had  it  as 
a  model  to  shape  something  better.  Trevithick  began  better  than 
Stephenson  :  he  had  friends  in  CornwaU  and  in  London ;  and  he 
ought  not  to  have  left  to  Stephenson  to  work  out  the  locomotive 
engine  and  the  railway.  Trevithick  was  always  unhappy  and 
always  unlucky ;  always  beginning  something  new,and  never  ending 
what  he  had  in  hand.  The  world  ever  went  wrong  with  him,  as  he 
said, — but  in  truth, he  .ilways  went  wrong  with  the  world.  The  world 
had  done  enough  for  him,  had  he  known  or  had  he  chosen  to  make  a 
right  use  of  any  one  thing.  He  found  a  partner  for  his  high-pressure 
engine, — he  built  alocomotive, — he  had  ordersforothersforMerthyr 
Tydvil  and  for  Wylam, — he  set  his  ballast-engine  to  work, — and  he 
drove  bis  tunnel  under  the  Thames  for  a  thousand  feet; — but  no  one 
thing  did  well :  all  were  afraid,  and  at  length  no  one  would  have 
anything  to  do  with  him.  It  was  not  that  his  mind  was  more 
fruitful  than  that  of  Stephenson,  who  in  this  short  time  had  made 
improvements  in  )iit-work  and  railways,  built  a  locomotive,  and 
found  out  the  safety-lamp,  and  who  throughout  his  life  was  ever 
working  out  something  new.  What  it  was,  was  this — Stephenson 
never  lost  a  friend,  and  Trevithick  never  kept  one.  To  the  day  of 
his  death,  Stephenson  had  among  his  friends  those  who  had  given 
him  a  helping  hand  in  early  life;  and  from  year  to  year  he  went  on 
strengthening  the  bonds  of  friendship  with  them  and  their  sons, 
and  the  younger  men  vvho  grew  up  around  him.  The  Ravensworths, 
the  Peases,  the  Braiidreths,  Matthew  Bell,  the  Meynells,  and 
others  of  his  earlier  friends,  will  be  found  with  him  throughout, 
standing  hy  him  as  directors  in  his  great  railway  undertakings,  as 
they  had  befriended  him  in  his  small  beginnings.  This  was  a 
great  strength  to  him,  and  though  poor  he  had  a  mine  of  wealth  in 
the  purses  of  his  friends.  A  manly  and  upright  Englishman,  open 
in  speech,  steady,  straight-forward,  and  hard-working,  he  earned 
their  friendship  iind  never  lost  their  trust ;  and  if  to  others  he  was 
known  as  a  great  engineer,  to  them  he  was  better  known  as  an 
upright  man.  This  made  the  poor  working-man  the  rich  manu- 
facturer and  great  mine-owner.  This  gave  him  the  means  of  doing 
what  Trevithick  and  Evans  could  only  talk  of. 

(To  be  continued.J 


WROUGHT-IRON  BOWSTRING  GIRDERS  FOR  BRIDGES. 


Some  experiments  have  been  lately  made  at  the  establishment  of 
Messrs.  Fox,  Henderson,  and  Co.,  at  Smethwick,  near  Birming- 
ham, on  a  wrought-iron  Bowstring  Tubular  Girder  Bridge,  of  a 
similar  construction  to  the  one  tlesigned  by  Mr.  Harrison,  and 
given  in  our  .louniiil  in  January  last. 

The  experiments  were  made  on  a  wrought-iron  rib  or  girder, 
120  feet  clear  sjian,  in  the  presence  of  the  Government  Inspectors 
of  Railways,  and  (iovernment  Board  of  Commissioners  for  impiiring 
into  the  Strength  of  Iron.  The  girder  is  constructed  entirely  of 
wrought-iron,  and  consistn  of  an  arch  of  boiler-plates  and  angle- 
iron  tied  across  at  the  ends  by  horizontal  bars ;  and  the  tie-bars 
are  connected  with  the  arch  liy'vertical  standards,  and  by  a  double 
system  of  diagonals,  wliich  have  the  eflfect  of  distributing  over  the 
whole  curve  of  the  arch  the  action  of  weights  placed  on,  or  pass- 
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ing'  over,  any  point  of  the  bridge.  The  proof  was  applied  by 
loading  the  bridge  rib  with  240  tons  of  rails,  bars,  &c. ;  and  it 
produced  the  following  satisfactory  results,  as  the  weight  was 
applied : — 


Weight  in  tons  of  rails,  &c., 
placed  on  ttie  cross-girders. 
g4i  tons 
61li    „ 
102  j    „ 
13?      „ 
171*    .. 
205i    „ 
240     „ 


Extreme  amount  of  deflection 
produced  at  centre  of  arch 
0   l-lfii-ti  inches. 

0  S-Sths       „ 

1  5.1fith3      „ 

2  1  «lh         „ 

2  .1  4th8        „ 

3  5-ieth«      „ 
3  11-lfiths    „ 


The  proof  weight  was  fixed  at  240  tons,  as  being  double  the 
greatest  load  which  the  bridge  can  by  any  possibility  be  ever  re- 
quired to  bear.  A  heavy  goods'  train  weighs  less  than  half  a  ton 
per  foot  lineal ;  a  train,  consisting  entirely  of  locomotive  engines 
(which  would  be  heaviest  of  all  possible  trains)  would  only  weigh 
ome  ton  per  foot  lineal,  and,  consequently,  would  place  a  load  of  not 
more  than  120  tons  on  a  bridge  of  120  feet  span.  The  new  bowstring 
bridge  has,therefore,been  proved  to  twice  the  weight  which  ever  can 
be  placed  upon  it,  and  to  four  times  the  weight  which  it  is  ever 
likely  to  have  to  bear.  It  is  scarcely  necessary  to  add,  that  the 
trial  gave  great  satisfaction  to  all  parties.  These  ribs  are  adapted 
for  large  spans,  in  cases  where  either  headway  is  of  importance,  or 
where  sufficient  abutment  cannot  be  obtained  without  very  heavy 
expense.  Bridges  constructed  of  these  ribs  may  be  employed 
with  perfect  safety  for  very  large  spans,  in  precisely  the  same 
manner  as  ordinary  girders  are  used  for  small  ones.  The  strength 
of  the  bridge  depends  upon  the  rib  or  arch,  and  on  the  tie-bars 
by  which  the  extremities  are  held  together.  The  vertical  standards 
Bxe  introduced,  partly  to  suspend  the  load  from  the  arch,  and 
jmrtly  to  obtain  longitudinal  and  transverse  firmness ;  they  also 
support  the  tie-bars.  The  diagonals  are  employed  for  the  purpose 
of  preventing  undue  deflection  in  the  rib,  when  the  bridge  is  un- 
equally loaded.  The  rib  itself  is  constructed  of  boiler-plates  and 
aaigle-iron,  rivetted  up  in  the  form  of  a  square  hollow  trunk ;  it  is 
strongly  tied  together,  so  that  the  fuU  section  of  the  plates  and 
angle-iron  may  be  depended  upon  to  resist  the  crushing  strain. 
In  order  to  give  this  trunk  additional  lateral  stiffness,  the  side- 
plates,  which  form  the  top,  overhang,  and  are  strengthened  on  the 
edges  by  angle-iron,  &c.  The  tie-bars  measure  about  8  inches, 
by  1  inch  each,  and  are  introduced  in  sufficient  number  to  take 
tJie  whole  strain.  The  ribs  are  supported  at  each  end  on  cast-iron 
shoes,  fi.\ed  at  one  end  to  the  piers,  and  mounted  at  the  other  on 
sliding-frames  and  rollers.  This  arrangement  provides,  not  only 
for  e.\pansion  and  contraction,  but  also  for  motion  under  a  very 
heavy  load.  The  action  of  these  parts  under  proof  has  been  found 
to  be  perfect.  Cross-girders,  constructed  entirely  of  wrought- 
iron,  are  susi)ended  between  the  ribs. 

Besides  the  above  experiments  on  the  Blackwall  Extension 
bridge,  the  two  ribs  for  a  bridge,  130  feet  span,  have  been  proved 
with  a  weight  of  260  tons — that  is,  2  tons  per  foot  lineal  each, 
prit  on  in  dead  weight,  by  suspending  cast-iron  cross-girders  un- 
dei'neath  the  points  where  the  wrought-iron  girders  are  intended 
to  be  attached,  and  by  placing  thereon  260  tons  of  rails,  pigs,  bars, 
&c.  In  proving,  the  load  was  first  put  on  two  points  at  one  end, 
tiien  on  the  next  two  points,  and  so  on,  in  order  to  produce  as 
nearly  as  possible  the  same  effect  as  the  passage  of  a  heavily- 
livaded  train.  In  the  case  of  one  rib,  the  load  was  allowed  to 
remain  several  days,  and  then  removed.  After  the  lapse  of  a  few 
days,  the  same  load  was  replaced,  and  again  allowed  to  remain 
some  days.     The  results  were  satisfactory. 

During  the  process  of  proving,  observations  were  taken  with  a 
level,  placed  at  a  distance  ;  and  the  sinking  of  the  bearing-plates 
in  the  ground  was  observed  and  noted.  The  bridges  being  now 
constructed,  are  intended  to  carry  a  double  line  of  rails  ;  and  the 
test  applied  is,  therefore,  equal  to  2  tons  to  each  foot  lineal  of 
single  line  of  way.  This  test  was  fixed  upon  in  the  belief  that 
the  greatest  possible  load  which  can  in  working  be  jilaced  upon 
e»ch  line  of  rails  is  about  1  ton  per  foot  lineal ;  and  that,  to  pro- 
vide for  the  additional  strain  caused  by  the  rapid  motion,  &c.,  of 
the  practical  load  of  trains  passing,  the  proof  weight  ought  to  be 
fixed  at  double  the  greatest  possible  load.  In  very  large  spans, 
(say  400  feet,  and  upwards),  it  would  be  necessary,  on  many  ac- 
cfmnts,  to  use  four  ribs,  instead  of  two,  and  to  brace  all  the  four 
ribs  together  overhead,  so  as  to  obtain  additional  transverse  stiff- 
ness. 

We  understand  that  several  girder-bridges  of  the  above  con- 
struction are  to  be  erected  on  the  Blackwall  Extension  Railway, 
under  the  superintendence  of  Joseph  Locke,  Esq. 


DRAINING  MARSHES  BY  STEAM. 

The  following  paper,  "  On  the  application  of  Steam-power  to  tlie 
Drainage  of  Marshes  and  Fen  Lands,"  was  read  at  the  recent  meet- 
ing of  the  British  Association,  by  Mr.  Glvn. 

The  number  of  districts  in  which  I  have  successfully  applied 
the  steam-engine  to  drainage  is  fifteen,  and  the  quantity  of  land 
so  drained  amounts  to  more  than  125,000  acres ;  the  engines  em- 
ployed being  17  in  number,  and  their  aggregate  power  870  horses, 
the  size  of  the  engines  varying  from  20  to  80  horse- power.  I  was 
also  engaged  in  draining  the  Hammerbruk  District,  close  by  the 
city  of  Hamburg  ;  and  in  another  district  near  to  Rotterdam,  an 
engine  and  machinery  with  the  requisite  buildings  were  erected 
from  my  plans  by  the  Che\'alier  Conrad.  In  many  of  the  swampy 
levels  of  Lincolnshire  and  Cambridgeshire  much  had  been  done  to 
carry  off  the  water  by  natural  means ;  and  many  large  cuts  had 
been  made  and  embankments  formed — especially  in  the  Bedford- 
level,  which  alone  contains  about  300,000  acres  of  fen  land ;  and 
the  great  level  of  the  Fens  contains  about  S80,000  acres,  now  rich 
in  corn  and  cattle.  The  Dutch  engineers  who  had  been  engaged 
in  these  works  had  erected  a  number  of  windmills  to  throw  off'  the 
water  when  the  sluices  could  not  carry  it  away.  By  the  aid  of 
these  machines  the  land  was  so  far  reclaimed  as  to  be  brought  into 
pasture  and  cultivation,  producing  occasional  crops  of  wheat.  The 
waters  from  the  uplands  and  higher  levels  were  intercepted  by 
catch-water  drains,  which  carried  away  as  far  as  might  be  practi- 
cable the  highland  waters,  and  prevented  them  from  running  dowa 
upon  the  fen  ;  but  as  it  often  happened,  when  there  was  most  rain 
there  was  least  wind,  and  tlie  wind-engines  were  useless  when  their 
help  vvas  most  needed,  and  the  crops  were  lost. 

In  this  state  was  the  fen  country  when  the  steam-engine  was 
introduced ;  and  by  its  aid  the  farmer  may  venture  to  sow  wheat 
upon  these  rich  levels  with  as  much  confidence  and  even  more  than 
upon  higher  ground  ;  for  not  only  can  he  throw  off  at  pleasure  the 
superfluous  water,  but  in  dry  weather  a  supply  can  be  admitted 
from  the  rivers — so  that  farming  in  such  cases  is  rendered  less 
precarious  than  in  situations  originally  more  favoured  by  nature. 
It  is,  however,  to  be  remarked  that  the  quantity  of  rain  which  falls 
in  these  levels  on  the  eastern  side  of  England  being  much  below 
the  general  average  of  the  kingdom,  the  power  required  to  throw 
off  the  superfluous  water  is  small  compared  with  the  breadth  of 
land  to  be  drained  ;  the  proportion  seldom  being  greater  than  10- 
horse  power  to  1 ,000  acres,  and  in  some  cases  considerably  less. 

The  general  plan  is  to  carry  away  the  water  coming  off  the 
higher  grounds,  and  as  far  as  may  be  practicable  prevent  it  from 
running  down  into  the  marsh  by  means  of  the  catch-water  drains 
before-mentioned,  leaving  the  rain  water  alone  to  be  dealt  with  by 
mechanical  power.  As  the  quantity  of  rain  falling  in  the  great 
level  of  the  Fens  seldom  exceeds  twenty-six  inches,  and  about  two- 
thirds  of  this  quantity  is  carried  off  by  evaporation  and  absorption, 
or  the  growth  of  plants,  it  is  only  in  extreme  cases  that  two  inches 
in  depth  require  to  be  thrown  off  by  the  engines  in  any  one  month 
—which  amounts  to  1^  cubic  foot  upon  every  square  yard  of  land, 
or  7,260  cubic  feet  to  the  acre.  The  standard  and  accepted  niea- 
suie  of  a  horse's  power  is  33,000  lb.  raised  one  foot  in  a  minute,  or 
3,300  lb.  raised  ten  feet  in  the  same  time ;  and  as  a  cubic  foot  of 
water  weighs  62;^  lb.  and  a  gallon  of  water  10  lb.,  so  a  horse's  power 
will  raise  and  discharge  at  a  height  of  ten  feet  330  gallons,  or  52'8 
cubic  feet  of  water  in  a  minute.  Consequently  this  assumed  excess 
of  7,260  cubic  feet  of  water  fallen  upon  an  acre  of  land  will  be 
raised  and  discharged  at  an  elevation  of  10  feet  in  about  two  hours 
and  ten  minutes. 

If  the  quantity  of  land  be  1,000  acres  of  fen  or  marsh,  with  the 
upland  waters  all  banked  out,  the  excess  of  rain,  according  to  the 
above  estimate,  will  amount  to  7,620,000  cubic  feet.  A  steam-engine 
of  10-horse  power  will  tlirow  off  this  water  in  232  hours,  or  in  less 
than  20  days,  working  12  hours  a  day ;  and  I  have  found  this  cal- 
culation fully  supported  in  practice. 

Although  the  rain  due  to  any  given  month  may  fall  in  a  few 
days,  yet  in  such  a  case  the  ground  will  absorb  a  good  deal  of  it, 
and  the  drains  must  be  made  of  a  capacity  large  enough  to  receive 
and  contain  the  rain  as  it  falls  ; — besides,  in  cases  of  necessity,  the 
engine  may  be  made  to  work  20  hours  a  day  instead  of  12,  until 
the  danger  is  past.  I  have  generally  caused  the  main  drains  to  be 
cut  7i  feet  deep,  and  of  width  sufficient  to  give  them  the  required 
capacity  to  receive  the  rain  water  as  it  falls  and  bring  it  down  to 
the  engine.  In  some  instances — where  the  districts  are  extensive 
and  their  length  great — it  has  been  found  requisite  to  make  them 
somewhat  deeper. 

In  all  cases  where  I  have  found  it  necessary  to  use  steam-power, 
I  have  applied  scoop-wheels  to  raise  the  water.     These  scoop- 
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wheels  sfimowhat  resemlilc  tlio  undershot-wheel  of  a  water-mill ; 
iMit  instead  of  beine:  turned  by  the  impulse  of  the  water,  they  are 
used  to  lift  it,  and  are  kept  in  motion  by  steam-power.  The  float- 
hnanls  or  ladle-boards  of  the  wlieels  are  made  of  wood,  and  fitted 
to  work  in  a  troiifrli  or  track  of  masonry  ;  and  they  are  frenerally 
made  6  feet  in  lenirth — that  is  to  say,  they  are  inwnersed  5  feet  in 
tlie  water — and  their  width  or  horizontal  dimension  varies,  with  tlie 
])0Her  of  the  eng-ine  and  the  head  of  water  to  be  overcome,  from  20 
inclies  to  .5  feet.  The  wheel-track  at  the  lower  end  communicates 
with  tlie  main  drain,  and  the  hiifher  end  with  the  river,  the  water 
in  the  river  beinjj  kept  out  by  a  ))air  of  pointing  doors,  like  tlie 
lock  [rates  of  a  canal,  which  close  when  the  enjjine  ceases  to  work. 
The  wheels  themselves  are  made  of  cast-iron,  formed  in  parts,  for 
convenience  of  trans])ort.  The  float-boats  are  connected  with  the 
ca-st-iron  part  of  the  wheel  by  means  of  oak  starts,  which  are 
stepjied  into  sockets  cast  in  the  circumference  of  the  wheel  to 
receive  them.  There  are  cast-iron  toothed  segments  fitted  to  the 
wheel,  into  which  works  a  pinion  upon  the  crank-shaft  of  the 
engine. 

When  the  head  of  water  in  the  river  or  delivering  drain  does 
not  vary  much,  it  is  suflScient  to  have  one  speed  for  the  wheel  ; 
but  when  the  tide  rises  in  the  river,  it  is  desirable  to  have  two 
speeds  or  powers  of  wheel-work — the  one  to  be  used  at  low-water, 
and  the  other  more  powerful  combination  to  act  against  the  rising 
tide.  Hut,  in  most  cases,  it  is  not  requisite  to  raise  the  water  more 
than  three  or  four  feet  higher  than  the  surface  of  the  land  intended 
to  be  drained — and  even  that  is  only  necessary  when  the  rivers  are 
full  between  their  banks,  from  a  continnance  of  wet  weather  or 
from  upland  floods.  In  some  instances,  the  height  of  the  water  in 
the  river  being  affected  by  the  tide,  the  drainage  by  natural  out- 
fall can  take  place  only  during  the  ebb  ;  and  here,  in  case  of  long- 
oontinuing  rains,  the  natural  drainage  requires  the  assistance  of 
mechanical  power. 

I  have  stated  that  the  main  drains  have  generally  been  made  7^ 
feet  deep,  or  more  in  larger  districts — so  that  the  water  may  never 
rise  higher  than  within  18  inches  or  2  feet  of  the  surface  of  the 
gi-ound,  and  the  ladle  or  float-board  dip  5  feet  below  the  water, 
leaving  a  foot  below  the  dip  of  the  wheel,  so  that  the  water  may 
run  freely  to  it,  and  to  allow  for  the  casual  obstruction  of  weeds  in 
the  main  drain — wliich  if  it  be  sufficiently  capacious  and  well- 
formed,  will  bring  down  the  water  to  the  engine  with  a  descent  of 
3  inches  in  a  mile.  Suppose,  then,  that  the  wheel  dip  5  feet  below 
the  surface  of  the  water  in  the  main  drain,  and  that  the  water  in 
the  river  into  which  this  water  must  be  raised  and  discharged  has 
its  level  5  feet  above  that  in  the  drain,  the  wheel  in  such  case  will 
he  said  to  have  10  feet  head  and  dip,  and  ought  to  be  made  28  or 
30  feet  in  diameter.  I  have  finind  it  practicable  to  throw  out  the 
water  against  a  head  of  10  feet,  with  a  dip  of  5  feet, — that  is  to 
say,  15  feet  head  and  dip  with  a  wheel  35  feet  in  diameter;  but  in 
another  engine  more  recently  erected  1  have  made  the  wheel  4.0 
feet  in  diameter.  The  engine  tliat  drives  that  wheel  is  of  80-horse 
power,  and  is  situated  on  the  ten-mile  bank  near  Littleport,  in  the 
Isle  of  Ely. 

The  largest  quantity  of  water  delivered  by  one  engine  is  from 
Deeping  Fen,  near  Spalding.  This  fen  contains  25,000  acres,  and 
is  drained  by  two  steam-engines — one  of  80  and  one  of  60-horse 
power.  The  80-horse  engine  has  a  wheel  of  28  feet  in  diameter, 
with  float-boards  or  ladles  measuring  5^  by  5  feet,  and  moving  with 
a  mean  velocity  of  6  feet  per  second.  So  that  the  section  of  the 
stream,  when  the  engine  has  its  full  dip,  is  27ij  feet,  and  the  quan- 
tity discharged  per  second  is  165  cubic  feet — equal  to  more  than 
4;'-  tons  of  water  in  a  second,  or  about  10,200  tons  of  water 
in  an  hour.  It  was  in  the  year  1825  that  these  two  engines 
were  erected,  and  at  that  time  the  district  was  kept  in  a  half- 
cultivated  state  by  the  help  of  44  windmills — the  land  at 
times  being  wholly  under  water.  It  now  grows  excellent  whe.it — ■ 
producing  from  4  to  6  quarters  to  the  acre.  In  many  districts  land 
has  been  purchased  at  from  10/.  to  20/.  an  acre  by  persons  who 
foresaw  the  consequences  of  these  improvements,  and  which  they 
could  now  sell  at  from  50/.  to  70/.  an  acre.  This  increase  in  value 
has  arisen  not  only  from  the  land  being  cleared  from  the  injurious 
effects  of  the  water  upon  it,  but  from  the  improved  system  of  cul- 
tivation which  it  has  enabled  the  farmers  to  adopt. 

The  fen  lands  in  Cambridgeshire  and  in  part  of  the  neighbour- 
ing counties  are  formed  of  a  rich  black  earth,  consisting  of  decom- 
posed vegetable  matter,  generally  from  6  to  10  feet  thick,  although 
in  some  places  much  tbicker,  resting  upon  a  bed  of  blue  gault, 
containing  clay,  lime,  and  sand.  When  steam-drainage  was  first 
introduced,  it  was  the  jiractice  to  pare  the  land  and  burn  it ;  then 
to  sow  rape-seed,  and  to  feed  sheep  upon  the  green  crop ;  after 
which  wheat  was  sown.     The  wheat  grown  upon  this  land  had  a 


long  weak  straw,  easily  bent  and  broken,  carrying  ears  of  corn  of 
small  size,  and  having  but  a  weak  and  uncertain  hold  by  its  root  iu 
the  black  soil.  Latterly,  however,  chemistry  having  thrown 
greater  light  upon  the  operations  of  agriculture,  it  has  been  the 
practice  to  sink  pits,  at  regular  distances,  through  the  black  earth, 
and  to  bring  up  the  blue  gault,  which  is  spread  upon  the  surface 
as  a  manure.  The  straw — by  this  means  taking  up  an'  additional 
quantity  of  silex — becomes  firm,  strong,  and  not  so  tall  as  formerly, 
carrying  larger  and  heavier  corn  ;  and  the  mixture-  of  clay  gives 
a  better  hold  to  the  roots,  rendering  the  crops  less  liable  to  be  laid 
by  the  vvind  and  rain ;  whilst  the  produce  is  most  luxuriant  and 
abundant. 


REGISTER    OF    ME'W    PATENTS. 


THE  STEAM  HAMMER. 

James  NAs»n'TH,  and  Holbrook  Gaskell,  of  Manchester,  en- 
gineers, for  ^^  certain  improvements  in  mafhinerif  or  apparatus  for 
forging,  stamping,  and  catting  iron  and  other  substances." — Granted 
February  23  ;  Enrolled  August  23,  1848. 

This  patent  is  for  improvements  in  the  steam-hammer,  for 
which  invention  patents  were  granted  to  the  same  parties  in  1842, 
1843,  and  1844.  The  principal  object  of  these  improvements  is  to 
regulate  the  action  of  the  hammer  with  greater  facility,  by  work- 
ing the  lifting-cylinder  by  means  of  an  additional  small  steam- 
cylinder.  The  general  arrangement  of  the  primary  parts  remain 
very  similar  to  the  hammers  now  in  general  use.  As  is  well- 
understood,  the  hammer  is  lifted  by  admitting  the  steam  below  tlie 
piston  in  the  cylinder,  and,  by  allowing  the  steam  to  escape,  the 
hammer,  by  its  own  gravity,  falls  and  gives  the  required  blow.  In 
the  present  invention,  the  force  of  the  blow  is  regulated  more 
conveniently  than  before.  For  this  purpose,  there  is  a  small 
steam-cylinder  for  working  the  main  slide-valve.  This  cylinder 
is  fitted  with  a  piston,  connected  by  means  of  a  rod  to  the  main 
slide,  to  which  the  steam  is  admitted  from  the  boiler.  The  small 
cylinder  is  furnished  with  three  steam-passages  similar  to  ordinary 
high-pressure  engines,  admitting  steam  alternately  above  and 
below  the  piston,  and  regulated  by  the  slide-vahe.  This  valve  is 
connected  by  a  rod  to  the  piston  of  another  cylinder,  which  is 
subject  to  the  pressure  of  the  steam  from  the  main  cylinder  on  the 
under-side,  and  is  depressed  by  steam  entering  from  a  tube  com- 
municating with  the  valve-jackets  of  the  slides.  Steam  having 
been  admitted  to  the  working-cylinder,  the  piston  is  elevated,  ana 
to  regulate  the  height  of  the  fall,  a  cock  or  valve  is  opened,  com- 
municating with  an  opening  in  the  cylinder.  This  permits  a  rush 
of  steam  to  flow  into  a  jiipe,  which  conveys  it  thence  below  the 
piston,  raising  it  by  the  pressure  of  the  steam  on  the  under  surface. 
The  effect  of  this  movement  is  to  produce  the  requisite  change  in 
the  position  of  the  vahe,  so  as  to  suffer  the  steam  which  entered 
the  small  cylinder  above  the  piston,  to  escape  into  the  atmosphere  ; 
and  by  the  entrance  of  steam  below  the  piston,  it  elevates  tlie 
valve,  so  as  to  cover  the  steam-passage  to  the  cylinder  and  the 
eduction-port,  thereby  suffering  the  steam  to  escape  from  the  main 
cylinder  ;  consequently  the  hammer,  by  its  own  gravity,  will  fall 
from  the  height  to  which  it  has  been  raised.  There  are  three 
passages,  each  furnished  with  a  valve  or  stop-cock,  the  levers  of 
which  are  connected  by  rods  to  hand-levers,  by  which  they  may  be 
opened  or  shut  at  pleasure ;  therefore,  if  the  hammer  is  not  re- 
quired to  fall  from  a  height  greater  than  the  first  opening,  the 
valve  connected  therewith  must  be  closed  and  the  one  above  it 
opened,  when  the  same  action  will  be  produced  whenever  the 
piston  is  elevated  above  such  opening  by  the  escape  of  steam. 
Two  other  methods  of  regulating  the  action  of  the  hammer  are 
shown  in  the  specification,  but  the  one  we  have  noticed  is  suflicient 
to  show  the  nature  of  the  invention. 

The  patentees  claim  :^First,  the  application  and  use  of  an 
additional  slide-valve,  piston,  .and  cylinders,  or  .any  of  these  parts 
sepiirately,  for  the  purpose  of  working  the  piston  of  the  larger 
cylinder,  and  thereby  actuating  the  main  slide,  so  as  to  produce 
the  alternate  admission  and  escape  of  steam  to  and  from  the  main 
cylinder. —  Secondly,  the  employment  of  apertures  in  the  main 
cylinder,  for  the  purpose  of  working  the  piston  and  main  slide, 
thereby  efl^ecting  the  motion  of  the  hammer  and  regulating  the 
various  heights  to  which  is  raised. — Thirdly,  the  use  of  a  vessel, 
with  its  plug  or  cock,  so  as  to  regulate  the  interval  of  time  re- 
quired for  the  falling  of  the  hammer  from  the  various  heights  to 
which  it  is  elevated. — Fourthly,  the  application  of  a  valve,  placed 
in  the  eduction-port  of  the  main  cylinder,  for  actuating  the  valve, 
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so  as  to  effect  the  required  change  of  the  piston,  and  with  it  the 
main  slide-valve,  thereby  actuating  the  hammer,  and  also  for  the 
purpose  of  obtaining  the  lapse  of  the  required  interval  of  time 
for  the  fall  of  the  hammer. — Fifthly,  the  ajiplication  of  a  latch- 
lever  motion  to  the  moving  of  the  small  slide-valve  in  one  direc- 
tion.— Sixthly,  the  combination  of  the  latch  lever-motion  with  the 
arm,  and  other  parts  connected  therewith,  by  which  motion  is  also 
transmitted  to  the  valve,  in  the  reverse  direction,  instead  of  em- 
ploying the  small  cylinder  for  that  purpose.— Seventhly,  the  ap- 
plication of  the  screw,  and  parts  connected  therewith,  for  the 
purpose  of  regulating  the  height  to  which  the  hammer  is  elevated. 
— And,  lastly,  they  claim  the  moving  of  the  main  slide-valve, 
direct  from  the  piston,  and  also  without  the  intervention  of  the 
main  slide. 


DECORATIVE  ARTS. 

Miss  Elizabeth  Wallace,  of  Laurel-lodge,  Cheltenham,  spins- 
ter, for  "■  Improvements  in  facing,  figuring,  designating,  decorating, 
planning,  and  otherwise  fitting  up  houses  and  buildings,  parts  of  which 
are  applicable  to  articles  of  furniture." — Granted  February  28; 
Enrolled  August  28,  18+8. 

The  improvements  in  the  decorative  arts  patented  by  Miss 
Wallace  are  divided  in  the  specification  into  ten  kinds,  though 
the  distinguishing  feature  in  the  invention  is  the  production  of 
the  effects  of  marble,  malachite,  &c.,  by  casting  tablets  of  plaster 
of  Paris  on  to  glass,  the  glass  or  plaster  being  coloured  or  deco- 
rated to  give  the  required  effect.  These  tablets  are  intended  to 
be  applied  both  externally  and  internally,  the  internal  decorations 
being  of  course  more  ornamental  than  the  tablets  used  to  imitate 
marble,  &c.,  on  the  exteriors,  and  they  are  to  be  fixed  to  the  walls 
by  cement  and  long  copper  nails.  Among  other  parts  of  the  inven- 
tion is  a  mode  of  producing  the  appearance  of  gold  without  employ- 
ing any  metal,  and  it  is  thus  described  : — "  To  make  a  flat  tablet  of 
this  description,  I  take  a  plate  of  figured  yellow  glass  (the  nearer 
the  colour  of  gold  the  better)  ;  to  tlic  back'  of  this  I  attach  a  plate 
of  plain  yellow  glass  silvered ;  and  I  unite  the  two  plates  of  glass 
by  cementing  them  at  the  edges  with  gutta  percha,  or  any  other 
suitable  cement.  The  result  of  the  combination  is,  that  the 
figured  parts  of  the  upper  glass  exhibit  the  appearance  of 
deadened  or  frosted  gold,  with  a  groundwork  of  burnished  gold, 
or  vice  versa.  Sometimes  I  substitute  for  the  front  plate  of  figured 
yellow  glass,  a  plate  of  white  glass,  figured  or  ground  (the  whole 
of  it,  or  parts  only)  ;  and  sometimes  I  also  disi)ense  with  the 
second  sheet  of  glass  altogether,  and  apply  the  silvering  at  once 
to  the  back  of  the  figured  or  ground  front  plate." 

In  another  part  of  the  specification  is  described  the  following 
process  for  giving  additional  brilliancy  to  painted  glass : — "  As 
regards  stained,  or  painted,  or  other  figured  glass — I  take  a  sheet 
of  plain  white  glass,  give  it  a  coating  of  gum,  then  sprinkle  over 
it  a  quantity  of  what  are  known  in  the  glass  trade  by  the  name  of 
'frostings,'  which  are  readily  laid  hold  of  by  the  gum;  and  theglass 
thus  prepared  I  attach  to  the  stained,  or  painted,  or  other  figured 
glass  on  the  inside,  or  that  side  which  is  next  to  the  interior  of  the 
house  or  building,  by  means  of  gutta  percha  solution,  or  some  other 
suitable  cement,  applied  to  the  edges.  The  frostings  have  on  the 
inside  the  effect  of  giving  a  beautiful  lustre  to  all  the  lighter 
parts  of  the  design  on  the  stained,  or  painted,  or  other  figured 
glass,  without  impairing  in  the  least  the  strength  of  tone  of  the 
<larker  or  coloured  portions;  while  they  impart  to  the  glass,  when 
viewed  from  the  outside,  much  the  same  effect  as  if  a  flood  of 
light  were  streaming  through  from  within." 

In  all  the  other  different  modes  proposed  for  decorating  houses 
by  the  patentee,  the  plan  of  giving  a  glass  surface  is  adopted  so  as 
to  produce  the  effect  of  a  most  brilliant  polish,  and  at  the  same 
time  to  serve  as  a  protection  against  damp  and  atmospheric  cor- 
rosion. 


ECONOMY  OF  FUEL  IN  STEAM-FURNACES. 

Felix  Douche,  of  Rouen,  France,  merchant,  for  "  certain  means, 
processes,  and  apparatus  used  for  saving  and  applging  the  lost  heat  in 
general,  and  sometimes  direct  heat,  to  many  useful  purposes."  (A  com- 
munication.)— Granted  February  10 ;  Enrolled  August  10,  184'8. 

This  invention  relates,  first,  to  an  improvement  in  the  feeding  ap- 
paratus for  supplying  the  feed-water  to  steam-boilers,  and  is  con- 
structed as  follows.  A  number  of  tubes  or  pipes  are  placed  in  a  ver- 
tical position  within  a  cylindrical  vessel,  the  ends  of  the  tubes  being 
secured  to  two  chambers,  one  at  each  of  the  ends  of  the  tubes,  the 


interior  of  the  tubes  forming  a  communication  between  the  cham- 
bers, which  have  no  communication  with  the  exterior  of  the  tubes ; 
there  are  two  communicating  pi])es  from  the  cylindrical  vessel, 
one  at  the  top  and  the  other  at  the  bottom ;  there  are  also  pipes 
of  communication  from  the  two  chambers.  The  upper  pipe  of 
the  cylindrical  vessel  communicates  with  the  boiler,  and  the  lower 
with  the  feed-pumj) ;  thus  the  supply  of  feed-water  will  jiass 
through  the  cylindrical  vessel  amongst  the  tubes,  and  take 
up  the  heat  given  off  by  the  waste  steam,  which  is  passed 
through  the  tubes  and  chambers  for  that  purpose.  The  second 
improvement  consists  of  a  slight  modification  of  the  above,  for 
the  purpose  of  heating  air  by  passing  steam  or  fire  through  the 
tubes,  the  air  being  in  contact  with  the  exterior  of  the  tubes ; 
the  patentee  gives  this  apparatus  the  name  of  serifor  or  caloridor. 
The  third  improvement  relates  to  a  stretching  apparatus  for 
stretching  the  tissues  or  fabrics  as  manufactured  by  machinery. 
The  fourth  improvement  consists  in  allowing  the  waste  steam  to 
flow  through  a  pipe  into  a  large  square  receiver,  where  it  is  con- 
densed. The  fifth  im])rovement  consists  in  the  application  to 
external  surfaces,  for  the  purpose  of  retaining  the  heat  therein,  of 
envelopes  or  wrappers. 


TURN-TABLES. 

William  Thoeold,  of  Norwich,  engineer,  for  "  Improvements  in 
turn-tables." — Granted  January  13;  Enrolled  July  13,  1818. 

This  specification  is  very  voluminous,  as  the  patentee  claims 
eleven  different  improvements  in  the  construction  of  turn-  tables. 
The  first  relates  to  an  improved  centre-pin,  which  improvement 
consists  in  forming  on  it  a  projecting  flange  or  collar,  the  upper  sur- 
face of  which  is  an  incline  or  snail  piece  on  which  the  centre  of  the 
table  rests.  The  upper  part  of  the  pin  has  a  ratchet-wheel  attached, 
which  is  level  with  the  surface  of  the  table,  and  fitted  with  a  click 
or  pall  attached  to  the  table,  which  prevents  it  turning  round 
without  the  table,  while,  at  the  same  time,  the  ratchet  and  pin  may 
be  turned  round  by  inserting  a  spanner  in  two  holes  in  the  upper 
side  of  the  ratchet,  the  incline  plane  at  the  lower  end  raising  the 
table  when  such  elevation  is  required.  Secondly,  the  patentee 
claims  a  mode  of  constructing  the  centre  squares  of  the  top  frame, 
having  the  rails  laid  thereon,  and  independent  of  the  other  part 
of  the  frame-work.  Thirdly,  different  modes  of  constructing  and 
arranging  the  working  rollers  that  form  the  support  of  the  circum- 
ference of  the  turn-tables.  Fourthly,  a  metliod  of  diverting  the  dust, 
rain,  and  all  extraneous  matters,  and  also  for  clearing  away  such 
extraneous  matters  from  the  circumference.  Fifthly,  a  mode  of 
constructing  turn-tables  without  centre-pins,  and,  consequently, 
without  the  usual  parts  connected  with  centre-pins  and  other 
bearings.  For  this  purpose  he  employs  beams  or  girders  of  a 
stronger  description  than  usual,  for  supporting  the  rails  and  plat- 
forms of  tables  of  a  corresponding  size.  These  girders  being 
attached  at  each  end  to  the  upper  bearing-surface  of  the  circum- 
ference, which  is  supported  on  rollers  as  usual  from  the  under 
surface.  The  axes  of  these  rollers  instead  of  being  attached  to  a 
separate  frame  revolving  round  the  centre-pin,  have  their  axes 
placed  between  two  concentric  belts  or  rings,  which  maintain  the 
position  of  the  rollers  in  a  circle  equal  to  the  diameter  of  the  bearing- 
surfaces.  The  under  bearing-surface  has  its  inner  circumference 
rendered  truly  circular,  and  forms  a  surface  on  which  horizontal 
guides  or  friction-rollers  travel.  These  rollers  are  supported  from 
axes  pendent  from  the  under-side  of  the  table,  and  consequently 
maintain  the  position  of  the  table  concentric  with  the  bearing-sur- 
faces. The  sixth  improvement  consists  in  a  mode  of  constructing 
the  top  frame  in  several  divisions  or  compartments,  and  of  various 
kinds  of  material.  The  seventh  claim  is  for  the  exclusive  privilege 
of  casting  the  bearings  and  all  working  parts  of  turn-tables  on 
chills,  the  same  never  having  been  heretofore  practised.  Eighthly, 
the  method  of  constructing  single-line  tables  in  such  a  manner  as 
to  render  them  more  economical  than  such  tables  have  hitherto 
been.  Ninthly,  the  constructing  larger  kinds  of  turn-tables,  with 
moveable  joints  in  the  beams  or  girders  which  support  the  rails  ; 
also  for  the  more  perfect  mode  of  stopping  such  tables  at  the  proper 
point  for  effecting  a  junction  with  the  line  of  rails.  Tenthly,  a 
method  of  constructing  the  larger  kinds  of  turn-tables,  so  that  tlw 
power  of  a  locomotive  can  be  applied  to  the  turning  of  such  table 
when  it  is  loaded  with  the  engine  and  its  tender,  and  when  they 
require  reversing  on  the  line  of  rails.  Lastly,  the  patentee  claims 
a  method  of  raising  and  locking  the  centre  of  turn-tables,  when 
they  require  to  be  turned. 
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STEAM-BOILERS. 
HoiiATio  Bi.ArK,  of  Nottitifrh;im,  lace-maker,  for  "  improvements 
m  cvaporutioii." — Granted  February  14;  Enrolled  August  14,  I8t8, 

This  invention  relates  to  a  mode  of  supplyinjj  water  to  steam 
and  otlier  boilers,  by  passing  it  tliroii^:h  a  succession  of  hollow 
fire-bars,  of  wrought-iron,  brass,  copper,  or  malleable  cast-iron, 
previous  to  entering  the  boiler. 
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The  annexed  engraving  is  a  plan  of  a  set  of  fire-bars,  a  is  the 
supply-pipe,  through  which  the  water  is  forced  into  the  tubular 
fire-bars,  hb  :  the  water  first  enters  the  middle  bars  6'  6',  and,  after 
circulating  through  the  whole  series  of  bars,  passes,  in  a  highly- 
heated  state,  through  the  pipes  cc,  into  the  boiler.  It  is  not  essen- 
tial that  the  water  should  be  divided  into  two  streams,  as  the  whole 
supply  may  enter  into  one  bar,  and  circulate  through  the  series  of 
bars  in  the  same  direction ;  or  more  than  two  divisions  of  bars 
may  be  used  in  large  furnaces,  cf  is  a  cock  on  the  supply-pipe,  to 
regulate  the  quantity  of  water  admitted,  e  is  a  pipe,  furnished 
with  a  cock  _/;  which  is  to  be  opened  when  the  supply  of  water  to 
the  boiler  is  not  going  on  ;  as  otherwise  the  heat  of  the  fire  would 
tend  to  force  the  water  out  of  the  tubular  bars ;  but  by  the  cock,/" 
being  opened  sufficiently  to  permit  the  escape  of  a  small  quantity 
of  water,  such  a  circulation  will  be  kept  up  as  will  prevent  the 
water  being  driven  out  of  the  bars  66,  when  the  supply  of  water  to 
the  boiler  is  stopped. 

The  above  arrangement  is  suitable  either  for  high  or  low  pres- 
sure boilers ;  but,  generally,  for  low-pressure,  a  rising  pipe  is  at- 
tached, with  a  small  cistern  at  the  upper  part,  to  the  supply-pipe 
n,  near  the  force-pump ;  and  a  valve  is  placed  over  the  opening 
through  which  the  water  enters  the  cistern  ; — "  the  valve  prevent- 
ing the  water  from  flowing  from  the  cistern  to  the  boilei,  by  the 
valve  being  weighted,  causes  a  pressure  sufficient  to  force  the 
water  into  the  pipe  «,  and  thence  through  the  hollow  bars  6  6,  into 
the  boiler ;  the  quantity  admitted  to  the  boiler  being  regulated  by 
the  cock  on  the  pipe  a."  By  means  of  this  arrangement,  the 
water,  forced  into  the  pipe  a,  will  flow  into  the  boiler  so  long  as  it 
is  required  ;  but  any  excess  will  pass  up  the  rising-pipe  into  the 
cistern,  which  is  provided  with  an  overllow-pipe :  the  boiler  will 
thus  work,  at  all  times,  subject  to  the  pressure  of  the  column  of 
water  in  the  rising-pipe  and  cistern.  It  should  be  stated  that  there 
is  a  valve  in  the  pipe  «,  between  the  rising-pipe  and  the  force- 
pump  ;  which  valve  opens  towards  the  boiler,  and  permits  the 
water  to  flow  in  that  direction,  but  closes  against  any  flow  of  water 
from  the  boiler. 


REVERBERATORY  FURNACES. 

James  Timmins  Chance,  and  Edward  Chance,  of  Birmingham, 
for  '■'■Improvements  in  furnaces,  and  in  the  manxifaeture  of  glass." 
Granted  February  14  ;  Enrolled  August  14,  1848. 

This  invention,  as  the  title  imports,  relates  to  improvements  in 
two  distinct  departments  of  the  manufactures.  Tlie  first,  wliich 
refers  to  reverberatory  furnaces,  has  for  its  oliject  tlie  greater 
economy  of  fuel,  by  re-conducting  the  heated  gases  to  the  furnace. 
In  the  usual  construction  of  such  furnaces,  the  beat  from  the  fire, 
after  striking  against  the  arch  above  the  furnace,  and  being  re- 
verberated downwards,  passes  off  to  the  chinuiey.  The  patentees, 
instead  of  thus  passing  the  heat  direct  into  the  chimney,  render  it 


further  available  to  he.'iting  the  furnace  by  returning  the  fltie 
and  carrying  it  back  over  the  reverberating  arch,  and  tlien  down- 
wards and  to  the  chimney,  whereby  the  heat  in  passing  through 
the  return-flue  is  reverberated  downwards  upon  the  top  of  the  re- 
verberating arch  of  tlie  furnace  itself,  and  thus  assists  in  heating 
that  portion  of  the  furnace.  The  second  part  of  the  invention 
consists  in  a  mode  of  passing  sheets  of  glass  into  annealing  fur- 
naces or  kilns.  By  the  ordinary  method  the  glass  to  be  annealed 
is  pushed  into  the  kiln,  and  before  this  can  be  done  the  glass  must 
lose  a  great  portion  of  its  heat,  to  enable  it  to  possess  sufficient 
firmness  and  solidity  to  hear  the  pushing  strain  to  which  it  is  sub- 
jected. The  patentees  make  in  the  side  wall  of  the  furnace  op])i)- 
site  to  that  where  the  entrance  for  the  sheets  of  glass  into  the 
furnace  is  situated,  a  hole  or  opening  through  which  the  workman 
passes  an  instrument  which,  passing  across  the  furnace  and  taking 
hold  of  the  edge  of  the  sheet  of  glass,  pulls  and  draws  it  into  the 
kiln  ;  by  tliis  mode  the  temperature  may  not  be  so  much  reduced 
as  when  the  old  mode  of  pushing  is  adopted,  inasnuich  as  the 
strain  attending  the  pulling  is  considerably  less  than  that  of 
pushing. 

RAILWAY-BREAKS. 

Robert  Heath,  of  Ileathfield,  Manchester,  gentleman,  for 
^'■certain  improvements  in  the  method  of  applying  and  working  friction 
breaks  to  engines  and  carriages  used  upon  railways." — Granted  Janu- 
ary 13;  Enrolled  July  13,  1848. 

The  object  of  this  invention  is  to  bring  a  heavy  weight,  attached 
to  a  lever,  to  bear  against  the  friction  break,  so  as  to  render  the 
action  more  certain  and  regular  than  when  manual  force  alone  is 
exerted.  The  lever  is  placed  under  the  control  of  the  guard,  who, 
by  turning  a  winch  placed  in  the  ordinary  manner,  may  bring  the 
weight  to  bear  upon  the  peripheries  of  the  wheels,  or  remove  it, 
with  very  little  efl"ort. 

Samuel  Cunliffe  Lister,  of  Manningham-ball,  Bradford,  gen- 
tleman, for  "  improvements  in  stopping  railway  trains  and  otlier 
carriages,  and  generally  where  a  lifting  power  or  pressure  is  required." 
Granted  January  18  ;"  Enrolled  July  18,  1848. 

In  this  railway-break  the  resisting  force  is  atmospheric  pressure, 
or  the  pressure  of  compressed  air,  bearing  against  the  breaks, 
which,  as  usual,  act  on  the  circumferences  of  the  wheels.  The 
apparatus  consists  of  an  air-chamber,  placed  below  the  framing  of 
the  carriage.  It  is  provided  with  a  piston  or  pistons,  to  the  rods 
of  which  are  attached  the  blocks,  bearing  against  the  wheels.  The 
air  is  condensed  into  the  air-chamber  by  air-pumps,  worked  by  the 
axles  of  the  carriages ;  and,  by  means  of  the  pistons  and  rods,  the 
pressure  is  communicated  to  the  wheels.  The  mode  to  be  adopted 
when  the  breaks  are  required  to  be  thrown  into  action,  is  for  the 
guard,  by  means  of  suitable  connecting  apparatus,  to  open  the 
valves,  by  which  means  the  atmospheric  air  will  be  admitted  to  the 
pumps,  a  few  strokes  of  which  will  then  so  compress  the  air  within 
the  receiver  as  to  press  the  breaks  against  the  wheels.  Similar 
effects  are  produced  by  making  the  pumps  act  as  exhausters,  in- 
stead of  compressers. 

RAILWAY  KEYS. 

William  Henry  Barlow,  of  Derby,  civil  engineer,  for  "  Im- 
provements in  the  manufiicture  of  railway  keys." — Granted  January 
27  ;  Enrolled  July  '27,' 1848. 

In  these  improved  wooden  keys,  the  inconvenience  arising  from 
expansion  and  ciuitraction  is  attempted  to  be  obviated,  by  render- 
ing the  wood  impervious  to  moisture.  This  is  done  by  introducing 
into  the  pores  of  the  wood,  fatty  or  other  matters  that  are  insoluble 
in  water.  The  patentee  first  prepares  the  keys  of  the  requisite 
proportions,  after  which  they  are  subjected  to  heat  for  the  purpose 
of  expelling  the  moisture.  This  he  eff'ects  by  placing  them  in  an 
oven  for  24  hours,  which  is  maintained  at  a  temperature  of  212°, 
after  wliich  they  are  immersed  in  a  solution  by  preference  composed 
of  four  gallons  of  creosote,  one  gallon  of  naphtha,  24  lb.  of  pitch, 
and  half  a  gallon  of  boiled  linseed  oil.  The  proporti(m  of  this 
mixture  used  to  impregnate  the  wood  is  about  one  gallon  to  the 
cubic  foot,  and  the  keys  should  be  immersed  therein  about  24 
hours.  They  are  then  ready  for  use,  unless  it  he  deemed  necessary 
to  subject  them  to  the  process  of  compression.  Instead  of  simple 
immersion  in  these  insoluble  matters,  the  process  may  be  greatly 
facilitated  by  exhausting  the  air  from  the  wood  in  a  close  vessel, 
and  afterwards  forcing  the  fat  composition  in  under  jiressure. 
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IMPROVEMENTS  IN  MARINE  ENGINES  AND  PROPELLERS. 

Joseph  Maudslay,  of  the  firm  of  Maudslay,  Sons,  and  Field,  of  Lambeth,  engineers,  for  '■^Improvements  in  ohtaining  and  applying 
motive  power  and  in  the  machinery  and  apparatus  employed  therein." — Granted  March  8;  Enrolled  September  8,  1848.  [Reported  in 
the  Mechanics  Magazine.'] 


Fig.  1. 


Fig.  2. 


Fig.  3. 


w 


Fig.  4. 


Fig.  5. 


1.  The  new  steam  propeller  which  forms  the 
leading  subject  of  Mr.  Maudslay's  present  patent, 
obviates  one  of  the  greatest  obstacles  that  have 
hitherto  stood  in  the  way  of  steam  propelling, 
whether  by  means  of  screw  blades  or  flat  Wades, 
or  blades  of  any  other  description  ;  viz.,  the  diflB- 
culty  of  shipping  and  unshipping  the  propeller. 
Mr.  Maudslay  affixes  the  blades  of  his  propeller 
(which  may,  he  says,  be  of  "  ,iny  approved  or 
suitable  form")  in  such  a  manner  to  the  driving- 
shaft  that  the  propeller  assumes  of  itself,  as  it 
were,  the  proper  angle  for  propulsion,  the  instant 
the  driving-shaft  is  put  in  motion,  and  returns  as 
instantly  into  a  neutral  or  inoperative  position 
when  the  driving-shaft  ceases  to  rotate. 

Fig.  1  represents  part  of  the  stern  of  3  vessel 
fitted  with  tliis  improved  propeller  ;  fig.  2,  a  front 
view  of  the  instrument  detached  from  its  place  ia 
the  vessel;  and  fig.  3,  a  sectional  plan  of  the 
propeller,  and  its  connections  on  the  line  a  6  of 
fig.  1. 

"A'  A^  are  the  blades  of  the  propeller,  which 
are  inserted  at  their  inner  or  narrow  ends  into 
sockets  B'  B-,  in  the  end  of  the  propeller-shaft  S, 
in  which  sockets  they  are  free  to  turn  to  the  ex- 
tent to  be  presently  defined.  To  the  shank  of 
each  propeller  blade  there  are  two  toothed  seg- 
ments C'  C,  C-  C-,  attached  one  at  the  top  of 
each  socket,  and  the  other  at  the  bottom  of 
it ;  and  the  two  sets  of  segments  work  the  one 
into  the  other  within  the  limits  determined  by 
the  stops/./;  so  that  the  propeller-blades  must 
always  move  in  perfect  unison,  and  can  only  turn 
round  in  their  sockets  to  the  e.\tent  allowed  by 
the  stops.  E  is  a  sliding  clutch,  affixed  to  the 
driving-shaft  inside  of  the  propeller-blades,  «hich 
may  be  moved  sternwards,  so  as  to  lay  hold  of 
either  of  two  sets  of  pins,  d  d  and  e  e,  which  pro- 
ject from  the  back  of  the  wheels  of  the  innermost 
propeller-blade  A-.  F  is  a  vertical  rod,  by  means 
of  which  tlie  clutch  E,  may  be  worked  from  the 
deck  of  the  vessel;  this  rod  terminating  at  bottom 
in  a  screw,  which  takes  into  a  swivelled  nut  ra, 
which  is  attached  to  one  arm  of  a  bell-crank  G, 
the  other  arm  of  which  is  forked  so  as  to  embrace 
the  clutch  E,  when  brought  down  upon  it.  The 
mode  in  which  the  propeller,  as  thus  fitted,  acts, 
is  as  follows  :— Supposing  the  clutch  to  be  disen- 
gaged, and  the  driving-shaft  to  be  put  in  motion, 
the  blades  are  immediately  throH  n  out  into  the 
angular  positions  proper  for  propelling,  and  they 
will  continue  in  these  positions  as  long  as  the 
shaft  continues  to  rotate.  Should  occasion  arise 
for  backing  the  vessel,  the  blades  are  then  se- 
cured in  their  extended  positions  by  interlocking 
the  clutch  with  the  pins  d  d,  at  the  back  of  the 
wheels  of  the  innermost  blade  A-,  as  represented 
in  fig.  3.  When  the  engine  is  stopped,  and  the 
driving-shaft  ceases  to  rotate,  and  the  clutch  is 
withdrawn,  the  propeller-blades  vvill,  by  the  action 
of  the  water  upon  them,  be  turned  round  in  their 
sockets  until  they  come  into  a  line  with  the  course 
of  the  vessel,  and  present  their  sharp  edges  only 
to  the  water,  as  exemplified  in  fig.  4 ;  and,  for 
greater  security,  they  may  be  made  fast  in  this 
position  by  interlocking  the  clutch  E,  with  the 
pins  e  e,  at  the  back  of  the  wheels  of  the  innermost 

blade." 

From  the  instantaneousness  with  which  this 
peculiarly  fixed  screw  propeller  can  be  turned 
to  account,  from  its  never  being  required  to  be 
raised  out  of  the  water,  and  never  oftering,  when 
in  the  water  and  at  rest,  any  material  obstruction 
to  the  steering  or  progi-ession  of  the  vessel,  it 
seems  to  possess  so  far  a  great  superiority  over 
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all  the  screw  propellers  hitherto  in  use ;  but 
it  promises  to  be  more  especially  advantageous 
in  the  case  of  vessels  {roiiig  long  voyages,  with 
small  store  of  fuel,  and  employing  steam  as  an 
auxiliary  power  only,  when  the  wind  is  not  fair 
for  the  use  of  sails.  AV'ith  a  propeller  of  this 
description,  not  a  minute  need  be  lost  in  changing 
from  sailing  to  steaming,  or  from  steaming  to 
sailing,  and  consequently,  not  a  pound  more  of 
fuel  need  be  expended  than  is  absolutely  re- 
quired. 

2.  The  peculiar  feature  of  Mr.  Maudslay's  new 
furnace  consists  in  the  employment  of  rotating 
tubular  screw  bars,  and  hence  tlie  the  name 
("  Archimedian")  by  whicli  we  (not  Mr.  Mauds- 
lay)  have  ventured  to  distinguish  it.  Fig.  5  is  a 
longitudinal  section  of  the  furnace ;  and  fig.  6  a 

front  view. 

H  H,  are  the  fire-bars,  which,  instead  of  being 
as  usual  solid  fixtures,  consist  of  a  series  of  tubes 

which  are  free  to  revolve  in  their  bearings,  are 

open  from  end  to  end,  screw-threaded  on  the  out- 
side, and  perforated  with  numerous  air-holes.  On 

the  front  end  of  each  bar  there   is  a  broad  flange 

or  shoulder  f^  which  projects  beyond  the  general 

line  of  the  furnace,  and  has  a  worm-wheel  W, 

formed  upon    it.      An  endless    screw-shaft    K, 

which  passes  across  the  front  of  the  furnace,  and 

is  worked  from  the  engine  through  the  medium 

of  the  bevil-wheels  N,  O,  takes  into  the  whole 

series   of  worm-wheels   AV,  and   causes  thereby 

the  constant  rotation  of  the  fire-bars.      L  is  a 

throttle-^•alve  hopper  by  which  the  coals  are  sup- 
plied to  the  furnace.     As  the  coals  drop  from  the 

hopper   they   fall    upon    an    inclined   shoot   M, 

which  projects  them  upon  the  front  end  of  the 

furnace  bars,  whence  they  are  carried  gradually 

forward  to  the  back,  by  tlie  rotation  of  the  bars  and  the  action  of  their  screwed  surfaces  on  the  mass  of  fuel. 

In  consequence  of  the  bars  being  in  this  constant  state  of  rotation  it  is  almost  impossible  that  either  clinkers  or  ashes  should  accumulAte 

upon  them. 


LOCOMOTIVE  ENGINES. 

Charles  Ritchie,  of  Aberdeen,  Scotland,  engineer,  for  "  certain 
Improvements  in  locomotive  enyines." — Granted  March  2 ;  Enrolled 
September  2,  1848.     [Reported  in  the  Mining  Journal.'] 

This  invention  consists  in,  and  has  reference  to,  certain  im- 
provements in  locomotive  and  other  engines,  carried  into  practical 
eflfect  by  the  means,  or  through  the  agency,  of  certain  new  or 
improved  mechanical  combinations  and  arrangements,  having  for 
their  object  the  simplification  of  the  construction,  and  the  augmen- 
tation of  the  efficiency,  of  such  engines. 

The  first  part  consists  in  the  application  of  a  cylinder,  or 
cylinders,  with  two  distinct  and  separate  pistons  in  each  cylinder, 
to  which  are  affixed  piston-rods,  for  imparting  motion  to  the 
cranked-axles  and  driving-wheels  fixed  thereon,  whereby  the  rock- 
ing, or  oscillating,  motion  attending  locomotive  engines  as  hitherto 
constructed,  is  considerably  diminished,  and  greater  steadiness 
of  motion  obtained,  as,  by  this  arrangement,  the  momentum  of 
one  piston,  together  with  its  cranks,  and  other  connections,  is 
at  all  times  exactly  balanced,  or  nearly  so,  by  that  of  the  other, 
in  consequence  of  the  approaching  or  receding  of  the  pistons  to 
and  from  each  other  being  always  simultaneous.  The  second  part 
relates  to  an  improved  mode  of  working  the  slide-valves  of  loco- 
motive and  other  engines,  by  rendering  the  eccentric,  which 
imparts  motion  thereto,  available  for  the  purpose  of  reversing  the 
engine.  The  third  ])art  relates  to  an  improved  valve  for  regulating 
the  admission  of  steam,  or  other  motive  power,  to  the  working 
cylinders  of  locomotive  and  other  engines,  and  to  improvements 
in  safety-valves,  to  be  applied  to  the  boilers  of  engines,  or  other 
reservoirs  of  power.  The  fourth  part  relates  to  an  improved 
anti-primer,  or  steam-collector,  to  be  applied  to  the  boilers  of  steam- 
engines.  The  fifth  part  relates  to  an  improved  self-acting  feeding 
apparatus,  for  supplying  water  to  the  boilers  of  steam-engines. 
And  the  sixth  and  last  part  consists  in  the  application  to  the 
wheels  of  locomotive  engines  of  an  improved  guai-d,  or  safety- 
break. 

The  drawing  exhibits  a  side  elevation  of  a  locomotive  engine, 
constructed  according  to  this  invention.  A  marks  the  boiler  of 
the  engine ;  B,  the  driving-wheels  fixed  upon  the  crank-axles,  C  ; 
the  boss,  or  nave,  D,  of  each  of  such  wheels  serving  as  the  crank, 


to  which  one  end  of  the  connecting-rod  E,  is  attached  by  a  crank- 
pin,  or  stud,  «,  secured  to  the  said  nave,  and  the  opposite  end  of 
the  rod  E,  is  connected  to  the  piston-rod  F,  in  the  usual  way  of 
forming  such  connections.  G,  G,  two  pistons,  to  which  are' at- 
tached the  rods  F,  F — the  said  pistons  working  steam-tight  in  the 
cylinder  H,  by  means  of  metallic,  or  other  packing.  The  cylin- 
ders are  fixed  to  each  side  of  the  boiler.  Instead  of  haviiiii'  the 
fixed  cylinder  and  connecting-rods,  as  above  described,  oscillaUng- 
cylinders  may  be  used,  with  their  piston-rods  connected  directly 
with  the  crank-axle  ;  or  where  fixed  cylinders  are  used,  and  space 
is  an  object,  the  connecting-rods  E,  E,  may  be  dispensed  with,  by 
attaching  to  the  piston-rods  a  cross  frame,  in  whicli  there  is  a  slot 
formed,  into  which  a  crank-pin,  or  stud,  takes.  The  outer  end 
of  the  frame  works  through  a  guide-hole,  fixed  to  the  side  of  the 
engine,  and  thus  the  rectilinear  motion  of  the  piston-rods  imparts 
rotary  motion  to  the  crank-axle  and  driving-wheels  fixed  thereon. 
The  steam  may  be  admitted  through  the  ports,  into  the  cylinder, 
by  a  common  slide,  in  the  following  manner: — Upon  the  hinder- 
most  driving-axle  is  fixed  an  eccentric,  upon  whicli  is  a  cam,  of  the 
following  peculiar  construction  : — Two  rods  are  fixed  to,  or  formed 
upon,  the  said  cam ;  or  it  may  be  composed  of  one  double-gabbed 
rod,  one  gab  being  employed  for  effecting  the  backward,  and  the 
other  the  forward,  motion  of  the  slide-valve,  through  the  inter- 
vention of  a  double  lever,  which  has  its  fulcrum  upon  a  stud,  fixed 
to  the  side  of  the  boiler,  as  shown  by  the  drawing,  and  this  lever 
is  connected  to  the  slide-valve  by  a  rod  c.  The  length  of  this 
lever,  as  also  the  angle  of  inclination  of  the  parts  O,  O,  should  be 
in  accordance  with  the  lead  of  the  valve — the  one  or  other  of  the 
inclined  parts  O,  being  caused  to  act  upon  the  lever  by  a  hand 
lever,  connected  to  the  said  cam  in  any  convenient  manner,  so  as 
to  enable  the  engine-driver  to  start,  reverse,  and  stop  the  engine 
readily,  by  the  same  eccentric  which  gives  motion  to  the  slide- 
valve.  By  making  the  end  of  the  vahe-rod  mo\eable,  as  in  a  slot 
in  the  lever  P,  the  steam  may  be  worked  expansively  at  pleasure. 
Improved  spring  safety-valves  are  exhibited  by  other  drawings  at- 
tached to  tliis  specification,  from  which  it  will  appear  there  are 
two  forms  of  construction,  showing  a  valve  with  a  conical-shaped 
seat,  being  a  flat-valve,  and  constructed  with  a  flange,  which  the 
inventor  terms  a  compensation  flange — such  flange  being  let  into 
the  seat  vertically,  about  one-sixth  of  the  diameter  of  the  steam- 
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way  in  the  valve-seat.  This  valve  is  weighted  by  a  helical  spring, 
of  sufficient  power,  according  to  the  required  pressure  of  the 
steam ;  and  when  it  is  intended  to  be  used  as  a  reserve  safety- 
valve,  the  spring  is  to  be  placed  around  that  part  of  the  stem 
below  the  valve — tliat  is  to  say,  within  the  boiler.  The  advantage 
of  this  form  of  construction  of  valve  over  the  ordinary  valve  is  as 
follows : — As  soon  as  the  pressure  of  the  steam  raises  the  valve 
from  its  seat,  the  flange,  being  exposed  to  the  pressure  of  the 
steam,  presents  an  increased  surface,  which  compensates  for  the 
increasing  resistance  of  tlie  helical  sping,  until  the  valve  has  been 
raised  to  a  height  equal  to  tlie  area  of  the  steam-way,  when  it 
allows  the  steam,  or  vapour,  to  escape  freely.  When  not  intended 
as  a  reserve  safety-valve,  this  valve  may  have  the  spring  placed 
above  it.  Another  valve,  which  is  called  an  indicator  safety-valve, 
is  exhibited,  consisting  of  a  piston,  which  is  fitted  into  a  tube, 
having  a  spring  attached  to  it — lateral  openings  being  made  in  the 
tube,  to  allow  the  steam  to  escape  when  the  piston  becomes  raised 
above  such  openings ;  and  by  making  the  said  tube  moveable  within 
another  one,  the  "  blowing-off"  point  may  be  varied  at  pleasure. 
An  index,  like  that  of  a  barometer,  may  then  be  attached  to  the 
stem,  or  rod,  of  the  piston,  and  will  indicate  very  slight  variations 
of  pressure.  A  regulating-valve  is  attached,  the  construction  and 
arrangement  of  which  is  as  follows : — There  is  a  short  socket-pipe, 
having  two  conical  valve-seats  formed  therein,  into  which  the  valves 
fit — such  valves  being  connected  together,  or  formed  upon  one 
stem,  into  which  one  end  of  a  rod  is  screwed,  or  otherwise  made 
fast,  and  the  opposite  end  of  the  said  rod  attaclied  to  an  eccentric 
spindle,  working  through  a  stuffing-box,  to  which  a  hand-lever  is 
fixed — such  lever  and  rod  being  for  the  purpose  of  opening,  or 
closing,  the  regulator-valve  at  pleasure. 

The  anti-primer  before-mentioned  is  formed  in  the  following 
manner : — Two  distinct  and  separate  plates  of  sheet  metal,  the 
outer  edges  of  which  ar«  securely  fixed  to  the  inside  of  the  boiler, 
by  rivetting,  or  otherwise,  the  said  plates  being  inclined  towards 
the  centre  of  the  boiler,  care  being  taken  to  leave  a  space  between 
the  inner  edges  of  the  two  plates,  so  as  to  reserve  a  channel 
lengthwise  of  the  boUer,  for  the  passage  of  steam  into  the  steam- 
chamber  thus  formed,  and  within,  or  in  connection  with  which  the 
regulating-valve,  is  situate  the  steam-pipes  which  lead  to  tlie  cjlin- 
ders  being  connected  thereto.  Instead  of  forming  the  anti-primer 
of  two  separate  strips,  or  pieces,  of  metal,  the  same  result  may 
be  obtained  by  forming  it  of  one  strip,  or  piece,  of  metal,  of  the 
shape  shown — the  said  plate  being  pierced  witli  an  infinite  number 
of  small  holes.  The  construction  and  arrangement  of  the  feeding- 
apparatus  are  as  follows  :— There  is  a  metal  cylinder,  which  should 
be  bored  perfectly  true  and  cylindrical,  fitted  with  a  piston,  the 
rod  of  such  piston  forming  the'  plunger,  or  ram,  of  the  cold  water 
pump,  the  barrel  of  which  serves  as  a  compound  gland  for  the 
stuffing-box  of  the  cylinder  and  pump-barrel.  The  slide-valve, 
which  may  be  made  to  cover  or  uncover  the  ports,  or  passages,  in 
the  cylinder,  by  the  opposite  sides  of  the  piston  coming  into  con- 
tact with  the  levers,  which  are  connected  to  the  slide-valve  by  a 
rod  or  rods.  There  are  spherical-valves  (the  seats  of  which  are 
knife-edged),  formed  within  the  spherical  flange  pieces,  which 
have  openings  for  establishing  a  communication  between  the  ten- 
der, the  pump-barrel,  and  the  steam-boiler,  as  exhibited.  The 
modus  operandi  of  this  feeding-apparatus  is  as  follows  : — Upon 
steam  being  admitted  from  tlie  boiler  into  the  cylinder,  through 
the  steam-port,  or  passage,  tlie  piston  wOl  be  acted  upon,  and  the 
ram,  or  plunger,  be  withdrawn,  the  water  from  the  tenders  wiU 
raise  the  valve,  and  enter  the  barrel,  to  supply  the  space  previously 
occupied  by  the  plunger,  or  ram ;  by  this  time  the  piston  will  have 


acted  upon  the  lever,  so  as  to  cause  the  slide-valve  to  uncover  the 
port,  or  passage,  and  cover  the  port,  or  passage,  P,,  thereby  al- 
lowing the  steam  on  the  other  side  of  the  piston  to  escape  through 
the  exhaust-pipe ;  the  piston  will  now  be  impelled  in  a  contrary 
direction,  and  the  plunger,  or  ram,  entering  the  barrel,  will  cause 
the  one  valve  to  be  closed,  and  the  other  to  be  opened  by  pressure 
of  the  water  therein,  which  as  the  plunger,  or  ram,  advances,  will 
be  forced  into  the  boiler,  to  supply  the  deficiency  of  that  water 
which  has  been  converted  into  steam  ;  R,,  R,,  mark  wheel-guards, 
or  safety-breaks,  which  are  each  composed  of  a  strong  band,  or 
strap,  of  iron,  placed  like  a  splasher  over  tlie  wheel  to  be  pro- 
tected ;  the  inner  surface  of  the  said  guard,  or  break,  is  formed  of 
the  converse  shape  to  that  of  the  tyre,  and  fixed  securely  to  the 
framing,  or  boUer,  or  both,  as  near  to  tlie  top  of  the  wheel  as  the 
play  of  the  bearing -springs  will  admit  of,  and  as  near  to  the  back 
of  each  wheel  as  possible,  without  touching  it. 

To  each  side  of  the  engine  a  bar  of  iron  is  placed,  and  securely 
fixed  in  a  longitudinal  direction — such  arrangement  being  intended 
to  ))reserve  such  wheels  in  a  vertical  position,  and  thereby  support 
the  engine,  in  the  event  of  the  axles  breaking,  and  to  operate  at 
the  same  time  as  a  break,  to  retard  the  motion  of  the  engine,  in 
the  event  of  any  such  accident.  Another  improvement  in  locomo- 
tive engines  consists  in  arranging  that  part  of  the  boiler  known  as 
the  fire-box,  in  such  manner  that  the  height  of  the  water  in  this 
part  of  the  boiler  shall  at  all  times  be  at  a  proper  level,  wliich  is 
effected  by  what  is  called  an  anti-fluctuator,  which  is  a  separate 
partition-plate  across  the  water  space,  or  an  extension  of  the  plate 
to  which  the  tubes  are  fixed  as  shown  ;  and,  by  causing  the  water 
to  be  fed  to  the  boUer  at  that  part  which  surrounds  the  fire,  it  will 
appear  evident  that  the  barrel  of  the  boiler  can  only  receive  its 
supply  of  water  from  that  which  overflows  the  said  partition-plate. 
Having  described  the  nature  of  his  invention,  the  patentee  re- 
marks, that  he  does  not  claim  the  exclusive  use  of  any  of  the 
separate  parts  above-mentioned  and  referred  to,  when  considered 
per  se  and  apart  from  the  purposes  of  the  said  invention,  as 
hereinbefore  set  forth  and  described. 


Improvements  in  Perforating  Glass  for  VENTriATioN. 
Patented  by  Mr.  J.  Lockhead,  of  Milton,  Gravesend.. — In  forming 
plates,  sheets,  lenses,  or  other  forms  of  glass,  the  glass,  when  in  a 
semi-fluid  state,  is  poured  from  the  pot  on  to  the  casting-table — 
the  stream  being  followed  by  a  pressure-roller,  for  the  purpose  of 
flattening  it ;  and,  while  the  glass  is  in  a  plastic  state,  a  metal 
mould,  with  teeth  or  projections  on  its  under-side,  according  to 
the  pattern  required,  is  applied  to  the  surface,  forcibly  pressed 
down,  and  left  in  that  position  until  the  glass  has  set ;  after  which 
it  is  to  be  removed,  and  the  glass  will  be  found  to  be  perforated, 
in  corresponding  shapes  to  the  jirojections  on  the  mould.  To  efl'ect 
this  in  the  most  complete  manner,  a  screw-press,  made  to  the  size 
of  the  casting-table,  is  used,  very  similar  to  a  common  copying- 
press,  and  difl'erent  pattern-moulds  being  fixed  to  the  lower  end  of 
tlie  screw,  and  worked  by  a  cross  handle. 


Improvements  in  obtaining  Oxide  op  Zinc  prom  the  Ore. 
Patented  by  M.  C.  A.  F.  Rochaz,  of  Paris. — By  this  process,  the 
employment  of  retorts,  as  by  the  old  method,  is  dispensed  with, 
the  fuel  and  labour  economised,  the  operation  completely  inde- 
pendent of  the  skill  of  the  workman,  and  the  loss  of  metal,  inci- 
dental to  the  old  method,  prevented.    Ores  of  lead  and  zinc  may 
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be  operated  on  at  once.  The  principal  feature  consists  in  the 
reduction  of  the  native  sulphuret  of  zinc  (blende),  and  of  the 
carbonates,  oxides,  and  silicates  of  zinc,  and  sulphurets  and  oxides 
of  lead,  by  the  action  of  the  reducing  g-'ses  of  a  blast-furnace,  by 
which  tlie  scoria,  or  slag-,  is  fused,  and  the  zinc  volatilised ;  the 
vapours  are  then  condensed,  and  conducted  into  a  reservoir, 
situated  over  the  mouth  of  the  furnace,  and  heated  by  the  gases 
therefrom.  The  furnace  having  been  heated  to  the  required  tem- 
perature by  the  combustion  of  fuel  alone,  a  charge  of  any  kind 
of  the  above  zinc  ores,  mixed  with  a  suitable  flux,  is  introduced 
into  the  charging  aperture,  and,  by  means  of  a  cover  above,  and  a 
sliding  i)late  below,  none  of  the  gases  are  allowed  to  escape.  The 
cliarge  thus  falls  upon  a  layer  of  incandescent  fuel ;  a  layer  of 
fuel  is  then  poured  upon  the  ore ;  then  another  charge  of  ore, 
until  the  furnace  is  full,  and  it  is  to  be  replenished  as  the  charge 
sinks  below  a  certain  depth.  The  zinc  is  thus  volatilised  by  the 
heat,  and  the  scoria  falls  into  the  lower  part  of  the  furnace ; 
the  gases  and  volatilised  zinc  pass  through  proper  openings 
through  a  hydraulic  main,  and  there  deposit  any  zinc  carried 
with  them. 


BRITISH  ASSOCIATION. 

Reports  read  at  the  Meeting  held  at  Swansea,  August,  1848. 
Railway  Statistics. 
"  Facts  bearing  on  the  Progress  of  the  Railway  System."     By  Mr.  W. 
Harding. 

The  modern  railway  system  of  Europe  may  be  said  to  date  from  1830, 
when  the  construction,  by  Mr.  G.  Stephenson,  of  the  Liverpool  and  Man- 
chester Railway,  with  its  locomotive  engines,  was  completed.  After  that 
date  we  heard  no  more  of  such  prophecies  as  the  following  (from  the  Quar- 
terly Review,  in  1825),  which  it  is  not  useless  to  record  as  a  lesson  of  caution 
to  us  fur  the  future  : — "  As  to  those  persons  who  speculate  on  making  rail- 
ways generally  throughout  the  kingdom,  and  superseding  all  the  canals,  all 
the  wagons,  mails,  and  stage-coaches,  post-chaises,  and,  in  short,  every  other 
mode  of  conveyance  by  land  and  hy  water,  we  deem  them  and  their  visionary 
schemes  unworthy  of  notice.  What,  for  instance,  can  be  more  palpably 
absurd  and  ridiculous  than  the  following  paragraph," — in  which  a  prospect 
is  held  out  of  locomotives  travelling  twice  as  fast  as  stage-coaches.  "  We 
should  as  soon,"  adds  the  reviewer,  *'  expect  the  people  of  Woolwich  to  suffer 
themselves  to  be  fired  oti"  upon  one  of  Congreve's  ricochet  rockets,  as  trust 
themselves  to  the  mercy  of  such  a  machine,  going  at  such  a  rate."  The 
modern  railway  system  has,  however,  not  only  done  this,  but  it  has  given 
rise  to  new  habits  in  the  present  generation,  and  has  proved  to  be  the  great 
mechanical  invention  of  the  nineteenth  century,  as  the  steam-engine  was  of 
the  eighteenth.  As  it  is  still  in  its  infancy,  it  is  especially  the  province  of 
statistical  inquiry  to  watch  its  growth,  so  that  on  the  one  hand  timely 
remedies  may  be  applied  to  its  defects,  and  on  the  other  free  scope  may  be 
given  to  its  beneficial  tendencies.  Valuable  papers  have  been  contributed  by 
Messrs.  Laing,  Porter,  Graham,  and  others,  analysing  the  traffic  on  railways 
during  the  infancy  of  the  system  to  the  year  1843.  Shortly  before  that 
period  there  had  been  a  pause  in  railways.  During  two  years,  only  five  miles 
had  been  sanctioned,  but  the  period  which  has  since  elapsed  comprises  the 
roeMorable  mania  years  of  1845  and  1846.  Under  this  excitement  intelli- 
gence and  emulation  have  been  stimulated  among  the  managers  of  railways 
to  the  utmost,  and  the  system  has  rapidly  advanced.  The  consolidation  of 
lines  under  a  few  great  companies,  by  the  process  styled  amalgamation,  has 
proceeded ; — the  atmospheric,  an  entirely  new  system  of  traction,  has  been 
brought  forward  ; — the  electric  telegraph,  conveying  intelligence  at  the  rate 
of  280,000  miles  a  second,  has  been  widely  introduced  ; — express  trains, 
travelling  at  nearly  the  highest  attainable  speeds,  have  been  established, — 
and  the  length  of  railways  in  operation  has  been  doubled.  It  therefore 
becomes  a  matter  of  interest  to  inquire  to  what  the  results  of  so  active  a 
period  point.  Have  low  fares  answered  ? — Has  the  third-class  traffic,  the 
most  important  to  the  bulk  of  the  people,  been  encouraged,  and  has  it  been 
found  wise,  not  only  for  the  users  but  for  the  owners  of  railways,  to  encour- 
age it  or  the  reverse  ? — Has  the  increase  of  speed  been  successful,  and  are 
we  likely  to  travel  faster  or  slower  hereafter  ? — How  have  the  receipts  kept 
up  while  the  length  of  railway  has  been  doubled  .' — Did  the  first  2,000  miles 
get  the  cream  of  the  traffic,  as  has  often  been  thought,  and  has  the  average 
receipt  per  mile  consequently  fallen  oB  ? — Should  the  experience  of  the  past, 
in  short,  give  us  confidence  in  urging  on  the  system  at  the  extraordinary  rate 
at  which  we  are  now  doing  it,  or  not.'  In  the  following  investigation  and 
collection  of  facts  it  has  been  attempted  to  throw  some  light  upon  these 
points  ; — the  recent  pubhcation  of  the  official  railway  returns  for  1846  and 
1847  affording  peculiar  faculties  for  the  purpose.  The  following  paper  refers 
to  English,  Scotch,  and  Welsh  lines  only, — the  Irish  lines  are  excluded,  the 
economical  condition  of  Ireland  being  different  from  that  of  this  country, 
and  there  being  but  few  railways  open  in  that  country  : — 
Comparative  Lengths  of  Railway  open  in  1843  Hf  1847  and  Receipts  thereon. 
The  lengths  of  English,  Scotch,  and  Welsh  railways  open  June  1843  were  1,990 

Ditto,  open  at  the  commencement  of  1H4H  ,.  ..  '■i,b\i7 

The  gross  receipts  returned  for  the  year  ld42  were        ..  ..  ^4,740,000 

Ditto,  for  the  year  ending  June  W,  11*47  ..  ..  b,3(i6,772 


After  making  the  necessary  corrections  in  the  above  figures,  the  average 
receipts  per  inde  of  railways'  in  1842  were  2,489/.;  in  1847,  2,596/.  We 
therefore  arrive  at  the  important  fact  that,  although  the  mileage  of  our  linea 
has  been  doubled,  the  receipts  have  been  more  than  doubled.  This  must  be 
regarded  as  a  favourable  general  feature  in  the  state  of  railways.  There  was 
much  reason  to  fear  that,  as  the  first  railways  ran  between  the  great  towns 
or  traversed  the  manufacturing  districts,  the  railways  which  were  nest 
opened  would  show  a  great  falling  ott'  in  receipts.  Hitherto,  then,  we  find 
that  this  is  not  so, — a  fact  which  may  give  us  confidence  as  regards  the  great 
length  of  railway  which  has  been  sanctioned  hy  parliament  but  which  is  not 
yet  open. 

Lines  sanctioned  but  not  open. — The  length  of  railway  sanctioned  hy  par- 
liament at  the  commencement  of  1848,  but  not  then  open,  was  7,150  miles. 
A  considerable  portion  of  this  is  in  progress,  more  or  less  rapid.  On  the  1st 
of  May  1847,  5,209  miles  were  returned  as  in  progress,  on  which  218,792 
persons  were  employed,  or  42  per  mile.*  These  new  radways  are  principally 
designed  for  the  accommodation  of  the  agricultural  parts  of  the  country. 
We  wdl  presently  refer  to  the  prospects  of  railways  in  such  districts.  When 
the  railways  now  in  contemplation  are  completed,  and  it  is  probable  that  the 
greater  portion  will  be  so  in  the  course  of  the  next  five  years,  we  shall  have 
upwards  of  10,000  miles  of  railway  open, — on  which,  judging  from  the  num- 
bers employed  on  lines  now  open,  (viz.,  14  per  mile),  140,000  persons  wdl 
be  permanently  employed,  at  good  wages, — representing,  at  five  to  a  family, 
three  quarters  of  a  million  of  the  gross  population.  The  importance  of  this 
addition  to  our  internal  communications  will  he  appreciated  when  it  is 
remembered  that  there  are  only  about  4,000  miles  of  inland  navigation  and 
30,000  miles  of  turnpike  road  open  for  traffic  in  the  country. 

Analysis  of  Traffic. —  General  Features. — The  gross  traffic  for  the  year 
ending  June  30,  1847,  was,  as  we  have  seen,  8,366,000/.  There  were  con- 
veyed during  that  year,  from  the  returns  of  the  Board  of  Trade,t  in  round 
numbers,  7,000,000  tons  of  merchandise  and  goods,  8,000,000  tons  of  coal, 
500,000  horned  cattle,  1,500,000  sheep,  and  100,000  horses. 

Of  the  gross  sum,  8..iG6,000/.,  the  passenger  receipts  were  ..         ^5,024,000 

The  receipts  from  all  other  sources— goods,  cattle,  carriages,  parcels, 

mails,  &c.  ..  ..  ..  ..  3,342,0110 

Total       ..         £»,366,000 
In  every  100/.  of  receipts,  the  passenger  traffic  therefore  forms  60  per  cent., 
the  traffic  receipt  from  other  sources  40.     In  1842  these  proportions  were 
as  64  to  36.     The  proportions  of  traffic  receipts  from  other  sources  than 
passengers  (being  principally  goods  and  cattle  traffic)  have  thus  increased 
since   1842  as  40  to  36,  or  11  per  cent.     The  total  numlier  of  passengers 
carried  in  the  year  (ending  June  30)  1847  was  47,484,134,  as  compared  with, 
in  1842,  22,403,478.     The  average  distance  travelled  by  each  passenger  was, 
in  1842,  13  miles  j  in  1847  it  was  IG  miles.    The  numbers  and  proportions 
of  classes  were 

In  1847.         In  1842. 
First-class  ..  ..  ..14  2  20-2 

SecoDd-ciasa  ..  ..  ..     3»-3  46-4 

Third-class  ..  ..  ..     47'5  34'4 

Thus,  the  third-class  passengers  (which  have  increased  in  number  since  1842, 
from  6,000,000  annually  to  21,000,000,;  now  form  nearly  half  of  the  whole 
number  travelling,  whereas  in  1842  they  formed  only  about  one-third.  Only 
one-third  of  the  third-class  passengers  have  availed  themselves  of  the  parha- 
mentary  trains,  arbitrarily  (and,  as  it  appears  to  me,  unfairly)  imposed  upon 
railway  companies  in  1844.  The  following  table,  comparing  the  fares  of  the 
metropolitan  railways  in  the  year  ending  June  1843,  with  those  in  the  year 
ending  June  1847,  shows  the  great  reduction  which  has  taken  place  in  lares 
during  the  last  four  years.  To  make  the  comparison  more  appreciable,  the 
fares  are  taken  as  for  100  miles  in  pence. 


Fare  for  100  Miles 

Name  of  Railway.] 

1st  Class. 

2Dd  Class. 

3rd  Class. 

1843. 

1847. 

1843. 

1847. 

1843. 

1847. 

London  and  North-Westera    . . 

334-8 

218-1 

241-1 

144-6 

131-2 

il3  3 

Great  \Vestera 

303-1 

274-4 

2(18-5 

18/-8 

118-3 

looo 

London  and  South-Westem    .. 

312-0 

245-0 

210-0 

168-0 

120-0 

1I6-0 

Eastern  Counties 

294-1 

210-0 

2-J7-4 

141-5 

164-7 

92-3 

Northern  and  Eastern 

2174 

— 

ItiS- 

— 

110-9 

— 

South-Eastern 

2270 

214-0 

160-0 

152-0 

87-5 

900 

Loudon  and  Brighton 

3500 

263-0 

226-0 

171-0 

150-0 

Ui9-0 

Average 

303-5 

237-4 

210-3 

160-8 

128-6 

9.i-7 

Dilfeience  per  cent. 

— 

21-8 

— 

23-8 

~ 

25-0 

This  reduction  in  fares,  coupled  with  the  increase  in  the  number  of  trains, 

and  the  speed  of  travelling,  must  be  regarded  as  the  principal  cause  ol  the 
great  increase  of  the  number  of  passengers  since  18-13. 

We  have  already  seen  that  the  numbers  in  1847  and  1843  are  as  47,484,134 
to  22,403,4;8.  If  we  take  into  account  ilie  number  of  miles  opened  at  those 
dates  respectively,  the  annual  number  per  mile  was,  in  1842,  11,772,  and  in 
1847,  14,806. 

*  In  this  return  the  nnmberof  miles  returned  as  in  progress  are  more  than  those  really 
in  construction,  the  number  ol  men  employed  per  mile  is  less  than  the  truth. 

t  These  reiurns  are  not  complwte,  and  they  require  some  corrKCtion,  in  respect  of  the 
same  uriicles  being  soraBtimes  conveyed  over  several  diffeient  lines,  and  lh«relure  counted 
uver  more  than  once. 
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The  proportion  of  third-class  passen(;ers  has,  we  have  seen,  thus  satis- 
factorily increased  between  1842  and  1847.  The  third-class  traffic  has, 
however,  developed  itself  very  differently  on  different  lines ;  and  it  may  be 
well  to  inquire  into  this.  The  statement  suhjoined  shows  the  third-class 
traffic  of  two  metropolitan  companies  (the  Eastern  Counties  and  the  Great 
Western) — two  North  of  England  companies  (the  Lancashire  and  Yorkshire 
and  the  Newcastle  and  Berwick) — and  two  Scotch  companies  (the  Edin- 
burgh and  Glasgow  and  the  Glasgow  and  Greenock). 

Year  ending  June  30,  1847. 


Number  of 

Proportion 

Length 

Third-class 

in  every 

Name  of   Railway. 

in 

Passengers 

Hundred  of 

Slilea. 

conveyed. 

Third-class 
Passengers. 

Glasgow,  Pajslev,  aod  Greenock 

957,6  4 

83-3 

Newiastle  and  Berwick 

654 

944,891 

79-5 

Edinburgh  and  Glasgow 

4H 

S36,02S 

72-8 

Lancasliire  and  Ycrksliire 

109 

2.(I9I>.624 

72-3 

Midland 

285 

2,366,892 

66-4 

Eastern  Counties 

177 

1,044,158 

60-3 

Great  Western 

2403 

419,663 

14-6 

From  this  it  appears  that  while  the  Great  Western  Company,  on  a  line  241 
miles  long,  have  only  carried  419,663,  the  Edinburgh  and  Glasgow  Company, 
on  a  line  46  miles  long,  have  carried  836,025  ;  the  Midland  Company,  285 
miles  long,  2,366,892  ;  and  that  while  on  the  Great  Western  only  15  out  of 
every  100  passengers  conveyed  are  third-class,  on  the  Eastern  Counties  50 
out  of  every  100,  and  on  the  Glasgow,  Paisley,  and  Greenock,  83  out  of 
every  100  are  third-class  passengers.  Although  it  is  true  that  the  different 
character  of  the  population  and  other  circumstances  will  affect  to  some 
extent  the  relative  number  of  third-class  passengers  on  different  lines,  the 
disparity  here  is  so  great  that  we  can  come  to  no  other  conclusion  than  that 
the  arrangements  of  such  a  line  as  the  Great  Western  as  to  third-class  pas- 
sengers must  be  such  as  to  preclude  hundreds  of  thousands  of  third-class 
passengers  yearly  from  using  the  railway  who,  with  greater  facilities,  would 
he  glad  to  use  it.  I  say  this  with  confidence,  because  as  manager  of  the 
Glasgow  and  Greenock  Railway,  where  the  third-class  system  has  been  more 
developed  than  on  any  line  in  the  country  (and  where  we  carried  passengers 
at  a  profit  for  one  farthing  a  mile),  I  had  an  opportunity  of  observing  the 
real  advantage  and  comfort  which  very  cheap  travelling  is  to  the  working 
class.  As  the  results  of  the  working  of  that  line  afforded  a  remarkable 
instance  of  the  effects  of  low  fares,  I  have  thought  that  it  might  not  be  unin- 
teresting to  record  them.  The  River  Clyde  runs  beside  the  Glasgow,  Paisley, 
and  Greenock  Railway,  which  is  23  miles  long.  The  steamboats  have  long 
afforded  an  excellent  mode  of  transport  between  Glasgow  and  Greenock,  the 
fares  by  boat  before  the  railway  opened  being  from  \s  to  2s.,  and  the  time 
occupied  was  about  two  hours.  Glasgow,  with  a  population  of  274,000,  was 
at  one  end  of  the  line,  Greenock,  with  a  population  of  36,000,  at  the  other 
end  of  the  line,  and  various  summer  watering  places  lie  at  the  mouth  of  the 
Clyde,  below  Greenock.  On  the  line  were  Paisley  (population  60,000)  and 
Port  Glasgow  (population  7,000).  Between  Glasgow  and  Paisley  was  a 
canal  on  which  there  were  passenger-boats  drawn  by  horses  at  a  speed  of  6 
miles  per  hour.  These  facilities  gave  rise  to  a  great  traffic  before  the  railway 
was  opened, — the  yearly  number  travelling  along  the  course  of  the  railway 
being  1,185,340,  and  the  average  fare  Is.  4(/.  Notwithstanding  this,  after 
the  railway  was  opened  (ia  1843)  the  numbers  travelling  by  all  means  of 
conveyance  were  found  to  exceed  2,000,000,  or  to  have  increased  100  per 
cent.,  the  average  fare  having  in  the  mean  time  fallen  to  lOrf.  This  was  the 
gross  result ;  but  the  fares  of  the  railway  (originally  2s.  dd.  first-class  and 
Is.  6d.  second-class  for  23  miles)  were  varied  from  time  to  time ;  and  as  I 
closely  observed  the  effects  of  these  variations,  having  caused  an  account  to 
be  taken  of  the  number  travelling  by  steamboat  and  canal  as  well  as  by  rail- 
way, it  may  be  well  to  state  the  results  of  these  variations  of  fares. 

First  alteralion. — In  1842,  uncovered,  open,  third-class  carriages,  at  a 
fare  of  di.  for  the  23  miles  (or  about  \d.  per  mile),  were  introduced  on  the 
railway  between  Glasgow  and  Greenock,  whereupon  the  annual  number  of 
railway  passengers  between  those  places  increased  224,000,  being  an  increase 
of  32  per  cent,  of  the  total  number  travelling  (either  by  railway  or  steam- 
boat). The  nttaher  of  first  and  second-class  fell  off  at  the  same  time  30  per 
cent,  the  passengers  having  transferred  themselves  from  the  higher  class- 
carriages  into  the  open  third-class  carriages,  tempted  by  the  difference  of 
fares  between  ^.  per  mile  and  ^d.  per  mile.  The  gross  receipts,  however, 
increased  simultaneously  15  per  cent. ;  the  working  expenses  on  the  other 
band,  did  not  appreciably  increase,  although  the  average  number  of  pas- 
sengers per  train  increased  from  72  to  117. — Second  alteration.  The  third- 
class  fares  were  subsequently  (in  1843)  raised  from  dd.  to  Is.  wiih  the  hope 
of  increasing  the  revenue.  The  whole  number  travelling  by  railway  and 
steamboat  immediately  fell  off  18  per  cent.  The  first  and  second  class  rail- 
way passengers  increased  by  10  per  cent.,  but  the  gross  receipts  fell  off  more 
than  10  per  cent.  The  effect  was  also  tried  of  making  the  third-class  car- 
riages more  comfortable  by  covering  them  in.  This  was  found  not  to  in- 
crease the  number  travelling,  but  it  did  reduce  the  number  of  first  and  second 
class  passengers  by  16  per  cent.,  and  therefore  caused  considerable  loss  to 
the  company.  The  same  experiment  was  repeated  on  the  second-class  car- 
liiges :  they  were  made   more  comfortable   by  inserting  glass   windows 


instead  of  wooden  shutters,  and  by  carrying  the  interior  partition  higher. 
The  number  of  first-class  passengers  shortly  fell  off  by  12  per  cent.,  but  be- 
yond this  the  second-class  passengers  did  not  appreciably  increase  ;  this 
experiment,  therefore,  also  resulted  in  loss.  The  results  of  these  experi- 
ments were  then — 1st.  That  a  reduction  of  fares  to  ],d.  per  mile  even  from 
so  low  a  rate  as  \d.  per  mile  increased  the  number  travelling  by  nearly  a 
quarter  of  a  million  or  by  two-thirds  of  the  whole  population  of  the  district. 
As  these  people  were  generally  of  the  less  at&uent  classes,  it  appears  that 
they  were  actually  drawn  out  of  the  noisome  streets  of  Glasgow  to  the 
North  of  the  Clyde  by  the  temptation  of  a  very  low  fare,  and  immediately 
that  the  fare  was  raised  they  were  driven  back  again  into  the  city.  2nd. 
That  under  the  circumstances  of  the  line  in  question,  cheap  and  rapid  tra- 
velling increased  the  number  travelling;  but  improving  the  lower-priced 
carriages  did  not,  however,  appear  to  act  in  the  same  way,  but  merely 
tempted  passengers  from  the  higher  class  carriages — those  from  the  second- 
class  into  the  third-class  carriages,  and  from  the  first  to  the  second  class : — 
of  course  it  by  no  means  follows  that  similar  results  would  ensue  on  lines  in 
other  localities ;  each  case  must  be  determined  by  its  peculiar  conditions. 
3rd.  That  no  limit  can  be  assigned  to  the  number  of  travellers  which 
cheapening  and  quickening  the  means  of  conveyance  will  create.  The  intro- 
duction of  the  railway,  even  where  steamboats  already  afforded  a  most 
pleasant,  rapid,  and  cheap  communication,  increased,  we  see,  the  number 
travelling  from  110,000  to  2,000,000—2,000,000  being  five  times  the  whole 
population  of  the  district.  I  doubt  whether  either  at  home  or  abroad  so 
large  a  proportion  of  travellers  to  the  whole  population  is  to  be  found.  The 
traffic  between  Glasgow  and  Paisley  is  probably  the  most  remarkable  instance 
on  record  of  the  increase  of  travelling  caused  by  increased  facilities.  In 
1814  there  was  only  one  coach  a  week  between  Glasgow  and  Paisley,  con- 
veying about  2,000  persons  per  annum ;  if  we  multiply  this  by  5  to  allow 
for  the  greater  number  of  gigs  and  private  vehicles  then  in  use,  we  only  get 
10,000  passengers  per  annum  conveyed  between  the  two  places.  In  1842 
the  numbers  travelling  by  public  conveyance  between  Glasgow  and  Paisley 
were  upwards  of  900,000.  Now  as  the  population  between  1814  and  184i 
had  only  about  doubled  itself,  while  the  traffic,  as  we  see,  had  multiplied 
itself  ninety-fold,  it  follows  that  the  increased  facilities  of  transport  had 
increased  the  number  travelling  relatively  to  the  papulation  45  times:  that 
is  to  say,  that  for  every  journey  which  an  inhabitant  of  Glasgow  or  Paisley 
took  in  1814  he  took  45  journeys  in  1843.  These  results,  I  conceive,  place 
it  beyond  a  doubt  that  we  should  spare  no  effort  to  make  railway  travelling 
cheap  and  within  the  reach  of  all  classes. 

Now,  there  is  only  one  true  way  of  encouraging  cheap  travelling,  and  that 
is  by  keeping  down  the  original  cost,  and  the  annual  expenses  of  railways. 
All  the  other  contrivances  which  the  public  are  inclined  to  trust,  such  as 
legislative  restriction  on  profits,  and  so  on,  are  mere  quackery.  Even  com- 
petition is  inapplicable  to  railways,  and  is  not  to  be  relied  on."  Mr.  R. 
Stephenson,  the  engineer,  put  the  whole  case  into  one  sentence  when  he 
said,  to  "  have  combination  is  practicable — competition  is  impossible."  The 
experience  of  all  railway  competition  shows  that  this  is  true;  when,  tnere- 
fore,  under  the  plea  of  competition  unnecessary  outlay  is  being  incurred,  the 
public  may  rest  assured  that  they  will  ultimately  suffer  for  it  in  the  charges 
they  will  have  to  pay. 

Mr.  Hill  Williams,  the  actuary,  has  compiled  some  useful  tables,t  to  show 
arithmetically  "  how  far  a  remunerative  charge  for  the  conveyance  of  pas- 
sengers and  goods  on  railways  is  modified  by  the  original  cost"  and  other 
circumstances. 

The  following  is  an  extract  showing  the  effect  of  increased  cost  of  con- 
struction.— 

Total  yearly  traffic,  number  of  passengers  or  tons  of  goods,  90,000. 


Original 

cost  of 

Construction 

.*  15,000 

per  mile. 

Original 
cost  of 
Construction 
jt  20,000 
per  mile. 

Original 
cost  of 
Construction 
if25,000 
per  mile. 

Original 

cost  of 

Construction 

.i'30,000 

per  mile. 

Fixed  charge  per  miieon every "\ 
passenger  or  ton  of  goods    re.  ( 
quisite  in  order  to  give  common  f 
interest,  5  p,  cent,  on  the  outlay  J 

d. 

1-00 

d. 
1-33 

d. 
1-66 

d. 

200 

We  see  from  this  that  the  fixed  charge  on  every  ton  of  goods  or  passenger 
must  average  2d.  per  mile  to  return  common  interest  on  a  railway  costing 
30,000/.,  whereas  if  the  railway  cost  20,000/.  \\d.  per  mile  would  be  suffi- 
cient, and  if  it  cost  15,000/.  \d.  per  mile  would  be  sufficient. 

After  a  series  of  similar  observations,  the  author  concludes  as  follows  : — ■ 
The  result  of  the  preceding  inquiry  is,  it  appears  to  me,  on  the  whole  satis- 
factory. The  railway  system  has  doubled  itself  in  the  last  three  years. 
Fares  have  been  greatly  reduced.  Third-class  passengers  have  largely  in- 
creased. The  importance  and  value  of  the  traffic  in  goods  and  cattle  rela- 
tively to  the  passenger  traffic  have  become  more  apparent.  The  number  of 
trains  is  greater  and  the  speed  of  some  of  the  trains  has  been  accelerated  ; 
and  all  this  has  been  effected  without  any  falling  off  in  the  average  receipts 
on  each  mile  of  railway  in  working,  but  with  an  increase  probably  sufficient 
to  meet  the  increase  of  the  working  expenses  attendant  on  the  increased 
accommodation  now  afforded  by  railways  :  whatever  falling  off  in  dividends 

*  Evidence  Select  Committee  on  Railway  Act  Enactments,  18-16. 

t  Appendix  No,  7,  Select  Committee  on  Railway  Act  Enactments,  1846. 
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there  may  have  been,  is,  therefore,  to  be  attributed  in  a  general  view  of  the 
subject  to  the  capitalization  of  loans  and  the  creation  of  fictitious  capital  by 
the  purchase  of  railways  at  premiums,  and,  therefore,  at  sums  beyond  what 
they  actually  cost.  These  being  profitable  speculations  when  shares  were 
high,  were  pushed  to  such  an  extent  as  now  to  press  severely  on  the  original 
share  capital  of  railway  companies.  The  great  evil  of  the  last  three  years  is 
the  extravagant  outlay  of  money  which  has  taken  place ;  an  outlay  which, 
instead  of  being  checked  by  the  legislature,  has  been  encouraged  to  the 
utmost  by  the  mode  of  inquiry  adopted.  This  has  inflicted  on  the  railway 
system  a  burden  which  it  will  never  be  able  to  throw  off,  and  which  the 
public  will  always  have  to  bear  with  them  in  a  higher  rate  of  charge  for 
conveyance  than  wonid  with  common  prudence  have  been  necessary.  It 
only  remains  to  stop  the  extravagance  with  a  strong  hand.  The  very 
existence  of  the  railway  companies  depends  on  the  economy  they  can  prac- 
tise in  making  and  working  their  railways  ;  and  nothing  which  on  the  face 
of  it  involves  increased  outlay,  be  it  diversity  of  gauge  and  its  consequence 
the  mixed  gauge,  or  the  more  plausible  plea  of  competition,  should  be  coun- 
tenanced either  by  railway  companies  or  by  the  legislature,  if  we  wish  to 
secure  for  ourselves  the  full  fruits  of  that  admirable  invention  which  England 
and  English  engineers  who  have  followed  in  the  steps  of  George  Stephenson 
have  given  to  the  world. 


A.VEMOMETRy. 

"  Report  of  further  progress  of  Anemometrical  Researches."  By  Pro- 
fessor Phillips. 

Referring  to  the  report  on  this  subject  presented  to  the  Southampton 
Meeting,  the  author  recapitulated  the  steps  of  the  investigation  by  which  he 
had  been  conducted  to  propose  the  evaporation  of  water  as  a  measure  of 
the  velocity  of  air-movement.  In  the  former  researches,  the  conclusion 
which  may  be  drawn  a  priori  from  Dr.  Apjohn's  formula  for  the  relation  of 
the  temperature  of  the  dew  point  to  that  of  an  evaporating  surface  was 
verified  ;  and  the  rate  of  cooling  of  a  wet  bulb  in  the  open  air  was  found  to 
be  cat.  par.  simply  proportional  to  ^  —  t'  (t  being  the  temperature  of  the 
air,  I'  that  of  an  evaporating  surface).  The  air-movement  was  found  to 
affect  the  rate  of  cooling  nearly  in  proportion  to  the  square  root  of  the 
velocity ;  and  thus  by  simply  observing  the  rate  of  cooling  of  a  wet  bulb 
exposed  to  a  current  of  air,  and  also  the  value  o{  t  —  t',  the  velocity  of  the 
air  current  becomes  easily  calculable.  But  this  instrument  is  only  an  ane- 
moscope, of  extreme  dehcacy  and  various  applicability  indeed,  hut  incapable 
of  being  converted  to  a  self-registering  anemometer. — It  appeared  to  the 
author  probable  that  the  rale  of  evaporation  followed  nearly  or  exactly  the 
same  law  as  the  rate  of  cooling, — the  same  reasoning  in  fact  applying  to 
each  case.  This  was  tested  by  experiment  in  a  great  variety  of  ways,  with 
instruments  of  extremely  various  forms,  and  with  velocities  of  air-movement 
from  400  yards  to  27,000  yards  in  the  hour.  The  velocities  of  the  wind 
were  measured  by  a  very  lightly-poised  machine  anemometer  of  Dr.  Robin- 
son's construction,  but  without  any  wheel-work,  the  revolutions  being 
counted  by  the  observer. — In  the  course  of  these  experiments  some  appa- 
rently anomalous  circumstances  in  the  rate  of  evaporation  occurred  to  the 
author ;  hut  these  he  hopes  to  be  able  to  interpret  by  further  careful  re- 
search, and  finally  to  present  in  the  compass  of  a  few  cubic  inches  an  anemo- 
meter specially  suited  to  measure  and  record  the  low  velocities  of  wind,  and 
furnish  a  useful  complement  to  the  larger  machines  already  esteemed  to  be 
so  impoitaut  in  meteorology. 


Height  of  Waves. 

"  On  the  Velocity  and  Height  of  Waves,"  as  observed  by  Capt.  Stanley; 
being  the  result  of  experiments  made  on  board  H.M.S.  Rattlesnake. 

The  method  adopted  for  the  determination  of  the  length  and  speed  of  the 
sea  was  to  veer  a  spar  astern  by  the  marked  lead  line,  when  the  ship  was 
going  dead  before  the  wind  and  sea,  until  the  spar  was  on  the  crest  of  one 
wave,  while  the  ship's  stern  was  on  the  crest  of  the  preceding  one.  After  a 
few  trials,  it  was  found  that  when  the  sea  was  at  all  regular,  this  distance 
could  be  obtained  within  two  or  three  fathoms,  when  the  length  of  wave  was 
50.  In  order  to  ascertain  the  speed  of  the  sea,  the  time  was  noted  when 
the  crest  of  the  advancing  wave  passed  the  spar  astern,  and  also  the  time 
when  it  reached  the  ship  ;  and  by  taking  a  number  of  observations,  there 
is  every  reason  to  believe  results  have  been  obtained  not  very  far  from  the 
truth.  The  officer  noting  the  time  in  all  these  observations  having  only  to 
register  the  indications  of  the  watch  when  the  observer  called  "  Stop,"  had 
no  bias  to  induce  him  to  make  the  differences  more  regular.  For  measuring 
the  height  of  the  waves,  a  plan  recommended  by  Mrs.  Somerville  was 
adopted — which  Capt.  Stanley  has  tried  for  ten  years  with  great  success. 
When  the  ship  is  in  the  trough  of  the  sea,  the  person  observing  ascends  the 
"gging  until  he  can  just  see  the  crest  of  the  coming  wave  on  with  the  hori. 
zon,  and  the  height  of  his  eye  above  the  ship's  water-line  will  give  a  very 
fair  measure  of  the  difference  of  level  between  the  crest  and  hollow  of  a  sea. 
Of  course,  in  all  these  observations,  the  mean  of  a  great  many  have  been 
taken  ;  for  even  when  the  sea  is  most  regular,  apparently  there  is  a  change 
in  the  height  of  the  individual  waves.  In  order  to  show  how  closely  the 
different  results  came,  observations  on  different  days  are  given  from  which 
they  were  deduced, — 


Experiment,  Xo.  1. 
Length  of  sea,  55  fathoms ;  speed  of  ship,  7'2  knots ;  height  of  wave,  22 
feet ;  time  the  wave  took   in  passing  from  spar  to  stern,  10  seconds ;  speed 
of  sea  deduced,  27'  per  hour. 

Experiment,  No.  2. 
Times  observed  of  wave 
passiug  from  spar  to  stern. 
Sffc. 


»7 
7-0 
tl-2 
63 
7-0 
86 
8-8 
8-4 


Length  of  wave,  43  fathoms. 

Average  height,  *_'"  fei't. 

Speed  of  stiip,  l'>  knots. 

Speed  of  wave  deduced,  245  nautical  miles  per  hour. 


t*/(i40 

8'0  Mean  time  of  wave  going  from  spar  to  stern. 


Experiment,  No.  3. 


Length  of  wave,  50  fathoms. 

Height  of  wave,  20  tVet. 

Speed  of  flbip,  fi  knots. 

Speed  of  wave  deduced,  24  nautical  miles  per  hour. 


Sec. 

7-4 
l.tO 
U17 
10-0 
10  2 

11-0 


lO'O  Mean  time  of  wave  passing  from  spar  to  stern. 

Experiment,  No.  4. 
Sec. 
7-5 

7''i 
nil) 

:i-ii 

90 
Im-0 
90 
8-0 
95 

9/79-0 

7*8  Mean  time  of  wave  passing  from  spar  to  stern. 

Experiment,  No.  5. 
Length  of  wave,  33  fathoms. 
Speed  of  ship,  G  Ijnots. 
Speed  of  wave  deduced,  22'  1  nautical  miles  per  hour. 

Experiment,  No.  6. 


Length  of  wave,  57  fathoms,     "j     Sea  irregular; 
Height  of  wave,  22  feet.  \       observations 

Speed  of  ship,  7  knots.  J      not  very  good. 

Speed  of  wave  deduced,  2fJ'2  nautical  miles  per  hour. 


Length  of  wave,  30  ^o  60  fathoms. 

Height  of  wave. — 

Speed  of  ship,  5  knots. 

Speed  of  wave  deduced,  22"  1  nautical  miles  per  hour 


6/62-5 


Sec. 
05 
0  5 
80 
8  5 
7-0 
12-5 
W-0 


Mean  time  of  wave  going  from  spar  to  stern. 
Experiment,  No.  7. 


Length  of  wave,  .-^5  fathoms. 

Height  of  wave,  17  feet. 

Speed  of  ship,  7-8  knots. 

Speed  of  wave  deduced,  22  nautical  miles  per  hour. 


7/62-0 

8-9  Mean  time  of  sea  passing  from  spar  to  stern. 
Summary  of  Observations. 


Note. — The  numbers  denoting  the  strength  of  the  wind  aie  those  used  by  Admiral 
Beaufort. 
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Atmospheric  Waves. 

"  Report  on  Atmospheric  Waves."    By  Mr.  Birt. 

The  report  consists  of  three  parts : — The  tirst  denoting  the  information  we 
now  possess  relative  to  such  waves  as  have  been  determiaed  :  the  second 
treating  of  the  barometric  curves  which  result  from  the  crossing  of  the 
Eorth-westerly  and  south-westerly  waves,  the  two  principal  systems 
common  to  Europe — the  most  prominent  subject  being  that  particular 
curve  known  as  the  "great  symmetrical  wave  of  November:"  and  the 
third  embodying  the  results  that  have  been  obtained  during  the  last  year 
illustrative  of  the  symmetry  of  the  "  great  wave,"  more  particularly  the 
locality  of  greatest  symmetry  and  the  departure  from  symmetry  in  certain 
directions.  Under  the  second  head,  the  author  has  thrown  together  the 
result  of  bis  inquiries  into  the  forms  presented  by  the  barometric  curves  at 
certain  stations,  and  has  devoted  attention  to  the  symmetrical  curve  of 
November  as  it  has  been  observed  at  the  Observatory  at  Greenwich  in  the 
years  1841  to  1845.  In  connection  with  this  subject,  the  author  remarked 
"  it  has  been  assumed  that  the  symmetrical  wave  of  November  consists  of 
Jiee  subordinate  waves  giving  rise  to  the  five  maxima  which  characterise 
it,  the  central  maximum  forming  the  apex  of  the  symmetrical  curve,  the 
remainder  being  subordinate  thereto.  ("  Association  Reports,"  1846, 
p.  125.)  Upon  a  close  inspection  of  the  curves  of  the  "  great  wave"  as 
laid  down  from  the  Greenwich  observations,  six  subordinate  maxima  can 
be  traced,  three  on  each  side  the  central  apex,  which  in  all  the  years  is  by 
far  the  most  prominent.  The  mean  curve  leads  to  the  conclusion  that 
Greenwich  is  not  the  point  of  greitteit  sijmmetnj,  its  closing  portion  being 
depressed  more  than  two  inches  below  the  commencement.  The  next 
feature  is  the  decided  rise  of  the  mercurial  column  during  a  period  of 
sixty-eight  hours  preceding  the  transit  of  the  crest :  the  value  of  this  rise 
is  "7  inch  or  about  -010  inch  per  hour.  The  fall  is  not  so  precipitous;  the 
barometer  appears  to  be  kept  up  in  this  locality  by  the  Jirst  subordinate 
maximum  succeeding  the  crest,  so  that  at  the  epoch  of  sixty-eight  hours 
after  transit  the  value  of  the  reading  is  more  than  2  inches  higher  than  at 
sixty-eight  hours  before  transit.  At  eighty  hours  after  transit  a  precipitous 
fall  commences,  which  continues  during  the  next  twenty-four  hours,  the 
mercury  sinking  "36  inch  or  about  '015  per  hour.  The  fall  afterwards  con- 
tinues with  two  slight  interruptions,  answering  to  the  subordinate  maxima, 
until  the  close  of  the  wave  148  hours  after  transit."  The  peculiar  features 
of  the  mean  curve,  especially  the  difference  between  the  initial  and 
terminal  readings,  '241  inch,  combined  with  certain  features  exhibited  by 
the  "  great  wave"  at  its  last  return,  has  suggested  the  possibility  of  ex- 
pressing numerically  the  departure  from  symmetry  for  any  station  that 
may  be  selected.  This  departure  from  symmetry  is  strikingly  manifested 
by  the  observations  of  1846,  especially  as  we  proceed  from  Brussels,  the 
European  nodal  point,  towards  Ireland  and  the  north-west  of  Scotland, 
and  is  well  seen  in  the  series  of  curves  illustrating  the  author's  report  in 
the  last  volume  of  the  "  Association  Reports."  Three  principal  maxima, 
characterise  these  curves  on  the  5th,  the  9lh,  and  the  12th  of  November  ; 
and  the  differences  of  altitude  between  those  of  the  5th  and  12th  have 
been  employed  to  indicate  the  deviation  from  symmetry  in  the  direction 
already  alluded  to.  The  discussion  of  these  differences  and  the  results 
deduced  from  them  form  the  third  part  of  the  report.  The  author  has  laid 
down  on  a  map  of  the  British  Isles  these  differences,  and  from  them  con- 
structed a  chart  of  the  lines  of  equal  deviation  from  symmetry  :  these 
lines  range  from  -lOO  inch — which  passes  north-west  of  the  Channel 
Islands,  proceeds  towards  the  Isle  of  Wight,  skirts  the  shores  of  Sussex 
and  Kent,  and  passes  through  Ramsgate — to  -550  inch,  which  passes 
through  Limerick,  is  slightly  curved  as  it  crosses  Ireland,  and  proceeds 
nearly  in  a  straight  line  across  the  Scottish  Islands  to  the  north-west  of 
Great  Britain.  The  values  of  these  lines  express  the  depression  of  the 
maximum  of  the  6th  below  that  of  the  12th.  Among  these  lines  the 
author  regards  the  direction  of  that  representing  ■2()0  inch  as  the  best  de- 
termined. It  appears  to  have  passed  near  and  to  the  west  of  Helstone, 
this  station  exhibiting  a  deviation  of  -258  inch  ;  it  then  proceeded  along 
the  coast  of  Cornwall  and  Devonshire,  crossed  the  Bristol  Channel,  entered 
Wales,  and  continued  its  course  across  Glamorganshire  towards  Brecon, 
which  it  left  to  the  north-west  as  it  rather  abruptly  changed  its  direction 
and  proceeded  towards  Gloucester,  which  it  passed  through.  It  appears 
to  have  undergone  considerable  inflection  as  it  traversed  the  central  parts  of 
England,  rising  again  towards  Nottingham,  which  is  removed  -025  inch 
from  it  to  the  west :  it  finally  left  the  shores  of  England  at  the  south- 
eastern angle  of  Yorkshire  and  entered  on  the  German  Ocean.  The 
author  solicited  attention  to  a  feature  which  characterises  all  these  lines, 
especially  the  one  just  traced,  viz.,  the  decided  inflection  they  undergo  as 
they  pass  over  the  land.  The  chart  exhibits  two  systems  of  inflection,  one 
being  peculiar  to  Ireland  and  England  ;  the  general  direction  of  the  lines 
undergoing  a  change  as  the  line  of  greatest  symmetry  is  approached,  the 
inflection  being  governed  apparently  by  the  masses  of  land  :  and  the  other 
to  Scotland,  the  inflection  being  very  decided  over  the  land  northward  of 
the  Frith  of  Forth.  From  the  single  instance  discussed  by  the  author,  the 
result  appears  to  be  that  the  symmetry  of  the  barometric  curve  is  departed 
from  in  a  greater  degree  at  inland  stations,  a  greater  difference  between 
the  points  selected  being  exhibited  at  such  stations  than  at  the  sea  coast 
on  either  side.  The  report  closed  with  some  remarks  on  the  non-per- 
sistency of  the  direction  of  these  lines  of  deviation  from  symmetry,  and 
on  the  high  probability  that  they  revolve  about  the  nodal  point  of  the  two 
principal  systems  of  atmospheric  waves,  Brussels. 


Health  op  To-vtns. 

"  Report  on  the  Air  and  Water  of  Towns."    By  Dr.  Smith. 

In  commencing  his  report  the  author  says,  it  has  long  been  believed  that 
the  air  and  the  water  have  the  most  important  influence  on  our  own  health, 
— and  superstitions  have  therefore  constantly  attached  themselves  to  recep- 
tacles of  the  one  and  emanations  of  the  other.  The  town  has  always 
been  found  to  differ  from  the  country  :  this  general  feeling  is  a  more  deci- 
sive experiment  than  any  that  can  be  made  in  a  laboratory.  The  author 
proceeds  to  examine  all  the  sources  from  which  the  air  or  the  water  can 
be  contaminated.  The  various  manufactures  of  large  towns,  the  necessary 
conditions  to  which  the  inhabitants  are  subjected,  and  the  deteriorating 
influences  of  man  himself  are  explained.  If  air  be  passed  through  water 
a  certain  amount  of  the  organic  matter  poured  off'  from  the  lungs  is  to  be 
detected  in  it.  By  continuing  this  experiment  for  three  months.  Dr. 
Smith  detected  sulphuric  acid,  chlorine,  and  a  substance  resembling  im- 
pure albumen.  These  substances  are  constantly  being  condensed  upon 
cold  bodies,  and  in  a  warm  atmosphere  the  albuminous  matter  very  soon 
putrifies  and  emits  disagreeable  odours.  The  change  which  this  substance 
undergoes  by  oxidation,  &c.,  is  next  examined, — and  shown  to  give  rise  to 
carbonic  acid,  ammonia,  sulphuretted  hydrogen,  and  probably  other  gases. 

The  ammonia,  generated  fortunately  from  the  same  sources  as  the  sulphu- 
retted hydrogen,  materially  modifies  its  influences.  The  consequences  of 
the  varying  pressure  of  the  atmosphere  have  been  observed  ;  and  it  is 
shown  that  the  exhalations  of  sewers,  &c.,  are  poured  out  in  abundance 
from  every  outlet  when  the  barometric  pressure  is  lowered.  By  collecting 
the  moisture  of  a  crowded  room  by  means  of  cold  glasses  and  also  dew  in 
the  open  air,  it  was  found  that  one  was  thick,  oily,  and  smelling  of  per- 
spiration, capable  of  decomposition  and  production  of  animalcules  and 
confervas, — but  the  dew  beautifully  clear  and  limpid.  Large  quantities 
of  rain-water  have  frequently  been  collected  and  examined  by  Dr.  Smith  ; 
and  he  says, — I  am  now  satisfied  that  dust  really  comes  down  with  the 
purest  rain,  and  that  it  is  simply  coal  ashes.  No  doubt  this  accounts  for 
the  quantity  of  sulphites  and  chlorides  in  the  rain,  and  for  the  soot,  which 
are  the  chief  ingredients.  The  rain  is  also  often  alkaline, — arising  probably 
from  the  ammonia  of  the  burnt  coal,  which  is  no  doubt  a  valuable  agent 
for  neutralising  the  sulphuric  acid  so  often  found.  The  rain-water  of 
Manchester  is  about  2J°  of  hardness, — harder,  in  fact,  than  the  water 
from  the  neighbouring  hills  which  the  town  intends  to  use.  This  can  only 
arise  from  the  ingredients  obtained  in  the  town  atmosphere.  But  the  most 
curious  point  is  the  fact  that  organic  matter  is  uever  absent,  although  the 
rain  be  continued  for  whole  days.  The  state  of  the  air  is  closely  con- 
nected with  that  of  the  water:  what  the  air  contains  the  water  may 
absorb — what  the  water  has  dissolved  or  absorbed,  it  may  give  out  to  the 
air. 

The  enormous  quantity  of  impure  matter  filtering  from  all  parts  of  a 
large  town  into  its  many  natural  and  artificial  outlets,  does  at  first  view 
present  us  with  a  terrible  picture  of  our  underground  sources  of  water. 
But  when  we  examine  the  soil  of  a  town  we  do  not  find  the  slate  of 
matters  to  present  that  exaggerated  character  which  we  might  suppose. 
The  sand  at  the  Chelsea  Waterworks  contains  only  1-43  per  cent,  of 
organic  matter  after  being  used  for  weeks.  In  1827  Liebig  found  nitrates 
in  twelve  wells  in  Giessen,  but  none  in  wells  two  or  three  hundred  yards 
from  the  town.  Dr.  Smith  has  examined  thirty  wells  in  Manchester,  and 
he  finds  nitrates  in  them  all.  Many  contained  a  suprising  quantity  and 
were  very  nauseous.  The  examination  of  various  wells  in  the  metropolis 
showed  the  constant  formation  of  nitric  acid ;  and  in  many  wells  an  en- 
ormous quantity  was  detected.  It  was  discovered  that  all  organic  matter, 
in  filtrating  through  the  soil,  was  very  rapidly  oxidized.  The  presence  of 
the  nitrates  in  the  London  water  prevents  the  formation  of  any  vegetable 
matter, — no  vegetation  can  be  detected,  even  by  a  microscope,  after  a  long 
period.  The  Thames  water  has  been  examined  from  near  its  source  to 
the  metropolis,  and  an  increasing  amount  of  impurity  detected. 

In  the  summary  to  this  report.  Dr.  Smith  states  that  the  pollution  of  air  ia 
crowded  rooms  is  really  owing  to  organic  matter  and  not  merely  carbonic 
acid, — that  all  the  water  of  great  towns  contains  organic  matter, — that 
water  purifies  itself  from  organic  matter  in  various  ways,  but  particularly 
by  converting  it  into  nitrates, — that  water  can  never  stand  long  with  ad- 
vantage unless  on  a  large  scale,  and  should  be  used  wheu  collected  or  as 
soon  as  filtered. 

Steam  Navigation. 

"  On  the  Imprerements  which  have  been  made  in  Steam  Nasigation." 
By  Mr.  Scott  Russell. 

The  first  great  improvement  that  had  been  made  was  in  the  boilers.  For- 
merly, the  boiler-flues  were  constructed  of  great  length,  so  that  the  smoke 
was  kept  winding  round  and  round  in  the  flues  and  at  last  was  allowed  to 
escape  with  difliculty.  Now,  however,  they  had  adopted  the  plan  of 
getting  as  much  fire  as  possible  in  the  shortest  space  of  time, — and  this 
had  been  accomplished  by  imitating  as  nearly  as  they  could  the  locomotive 
engine  boiler,  by  having  tubes  of  thin  metal  which  would  evaporate  a 
much  greater  quantity  of  water  in  the  same  time  as  flues  of  the  usual 
thickness  ;  now,  also,  instead  of  taking  the  smoke  a  long  dance  as  in  the 
old  fashion,  they  used  short  flues  of  four  to  six  feet  in  length,  and  by  having 
a  great  many  of  as  thin  metal  as  possible  they  heated  the  greatest  quantity 
of  water,  and  had  the  additional  advantage  of  keeping  the  metal  cool, — 
in  conse^eoce  of  which  a  boiler  of  smaller  extent  and  surface  was  of 
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mach  greater  efliciency  with  less  weight  of  metal.  The  next  point  of  im- 
provement was  in  the  engine  ;  in  the  construction  of  which,  however, 
there  had  been  less  change  than  in  other  matters.  The  former  beam-engine 
had  been  changed  fi)r  the  direct-action  engine,  which  was  of  various  kinds  ; 
but  the  greatest  change  wliich  had  been  made  within  the  last  ten  years 
consisted  in  tlie  employment  of  greater  quantities  of  wrought-iroa  in  the 
construction  of  the  engines,  instead  of  the  mass  of  cast. iron  formerly  used. 
This  was  the  only  great  change, — for  the  newest  Halifax  steamers  were 
still  fitted  up  with  the  old-fashioned  or  lever-engines.  The  next  improve, 
ment  consisted  in  working  steam  expansively  to  a  much  greater  extent 
than  heretofore.  It  was  only  within  the  last  ten  years  that  they  had 
adopted  this  principle  :  the  efl'ent  of  which  was  that  instead  of  completely 
filling  the  cylinder  with  steam,  they  filled  only  to  the  exteut  of  one-fourth 
— a  volume  of  steam  not  of  course  of  equal  density,  but  by  which  they 
got  two-thirds  of  the  work  done  and  at  one-fourth  of  the  cost.  The  next 
improvement  had  been  made  in  the  paddle  ;  not  so  much,  perhaps,  in  the 
wheel  itself — for  he  was  still  inclined  in  favour  of  the  old  paddle-wheel, 
although  for  short  voyages  he  admitted  the  advantage  of  the  feathering 
paddle-wheel  which  had  been  advocated  by  Mr.  Price  at  their  Meeting 
some  years  ago,  and  he  had  then  opposed  him  : — but  of  this  by-and-by. 
Another  great  improvement  which  had  been  made  was  the  driving  the 
paddle-wheels  faster.  They  had  an  old  maxim  which  was,  whereas  a 
good  old  horse  going  2J  miles  an  hour  could  not  draw  advantageously  at 
luore  than  220  feet  per  minute,  and  that  as  the  steam-engine  was  only  a 
substitute  for  horses,  and  reckoned  as  so  much  horse-power,  it  ought  not 
to  go  faster  than  2J  miles  per  hour — and  Ibis  one  thing  had  kept  them  back 
for  half  a  century.  He  did  not  mean  that  the  result  should  not  be  faster  than 
2J  miles  per  hour,  but  that  the  piston  should  not  rise  up  and  down  in  the 
cylinder  faster  than  2^  miles  an  hour,  which  was  only  four  feet  in  a 
second,  while  the  motion  of  steam  of  15  lb.  was  1,100  feet  in  a  second. 
Fortunately,  however,  this  old  maxim  had  been  abandoned,  and  the  piston 
now  moved  from  250  or  270  to  300  feet  in  a  minute.  For  this  improvement 
they  were  indebted  to  no  new  principle,  buttotheapplication  of  mathematical 
principles  of  science.  He  now  came  to  another  great  improvement,  which 
was  the  change  in  the  formation  of  steamboats,  which  had  been  radical — 
he  meant  the  entire  alteration  of  the  form  of  the  ships.  A  few  years  ago 
steam-vessels  which  would  go  ten  or  twelve  miles  an  hour  were  deemed 
fast  ships;  now,  however,  we  had  attained  a  much  higher  rate  of  speed. 
Vessels  were  then  built  on  the  old-fashioned  principle  that  the  water-line 
should  be  nearly  straight,  and  that  the  run  of  the  vessel  should  be  a  fine 
line,  and  that  there  should  never  be  a  hollow  line,  excepta  little  in  the  run 
of  the  ship,  but  that  there  most  certainly  should  not  be  any  hollow  line  in 
the  bow,  for  there  the  water-line  should  be  straight  or  a  little  convex. 
Researches  and  inquiries  were,  however,  made  by  a  Committee  of  the 
British  Association  as  to  the  form  which  would  enable  the  vessel  to  go 
fastest  ihrough  the  water.  These  inquiries  lasted  for  years,  and  they  es- 
tablished, by  a  series  of  experiments,  a  set  of  very  curious  facts.  For- 
merly, every  builder  of  ships  had  his  notion  of  proportion  ;  some  that  the 
length  should  be  four  times  the  breadth — others  that  it  should  be  4J  or  5, 
— and  some  went  as  far  as  to  say  that  the  length  should  be  six  times  the 
breadth,  but  these  were  deemed  innovations  ;  so  that  although  the  propor- 
tions of  width  as  compared  with  breadth  were  said  to  be  fixed  ones,  yet 
strangely  enough  every  one  differed  as  to  those  proportions.  Another 
question  was  what  part  of  the  vessel  should  have  the  greatest  width,  and 
it  was  generally  thought  that  the  greatest  width  should  be  nearest  the  bow. 
Some  daring  persons  had,  however,  put  it  back  as  far  as  the  centre  of  the 
ship.  This  was,  however,  the  exception,  and  not  the  rule.  Then  there 
was  another  great  principle,  which  was  that  the  bow  and  stern  should 
exactly  balance  each  other, — that  is,  that  the  vessel  should  be  equally 
balanced;  but  the  new  rules  which  the  British  Association  had  established 
were  as  follows  : — They  began  by  upsetting  the  old  rule  with  respect  to  the 
proportions  which  the  length  should  bear  to  the  breadth,  finding  that  the 
greater  the  speed  required  the  greater  should  be  the  length,  and  that  the 
vessel  should  be  built  merely  of  the  breadth  necessary  to  enable  the 
engines  to  be  put  in,  and  to  slow  the  requisite  cargo.  Then  the  second 
great  improvement  made  by  them  was  that  the  greatest  width  of  water- 
line,  instead  of  being  before  the  middle,  should  be  abaft  the  middle  of  the 
vessel,  and  in  fact  two-fifths  from  the  stern,  and  three-fifths  from  the  bow. 
The  next  great  improvement  was  that,  instead  of  having  the  bow  broad 
and  bluff,  or  a  cod's-head  bow,  for  the  purpose  of  rising  over  the  wave, 
you  might  have  hollow  water-lines,  or  what  were  called  wave  lines  from 
their  particular  form,  and  with  that  form  the  vessel  would  be  propelled 
with  less  power  and  greater  velocity, — and  also  that  instead  of  keeping  to 
the  old  fine  run  abaft  and  cutting  it  away  you  might  with  great  advantage 
have  a  fuller  line  abaft,  provided  it  was  fine  under  the  water.  Thus  by 
these  improvements  the  form  of  the  old  vessel  was  pretty  nearly  reversed, 
to  the  great  annoyance  of  the  old  school,  and  the  steamers  were  given 
large  and  commodious  cabins  and  after-hohls,  instead  of  having  cabins  so 
pinched  in  that  you  could  hardly  stand  in  them.  Another  heresy  intro- 
duced by  the  British  Association  was,  that  of  the  principle  as  to  the 
balance  of  the  stern  and  the  bow  upon  which  they  now  rested  ;  but  which 
was  founded  in  a  most  singular  error,  for  they  left  out  something  which 
was  very  material.  They  concluded  that  the  wave  acted  equally  on  both 
ends  of  the  vessel  in  striking  it ;  but  they  did  not  take  into  consideration 
the  impossibility  of  this  when  a  vessel  was  moving,  not  having  taken  into 
calculation  the  velocity  of  the  wave  or  of  the  vessel,  and  that  from  this 
circumstance  the  concussion  from  a  wave  striking  the  bow  would  be  a 
»nost  powerful  one,  while  it  could  not  be  so  with  regard  to  the  stern,  be- 


cause if  the  velocity  of  the  wave  meeting  it  was  fifteen  miles,  the  shock 
would  be  as  of  thirty  miles  ;  and,  therefore,  it  became  most  plain  that  the 
bow  would  give  the  greatest  resistance  to  the  wave.  He  had  examined 
all  the  fastest  steamers  which  had  accomplished  from  fifteen  to  seventeen  miles 
an  hour — and  in  smooth  water  eighteen  miles  an  hour;  and  he  would 
venture  to  state  that  there  was  not  one  of  them  which  accomplished  fifteen 
to  seventeen  miles  an  hour,  which  had  not  all  these  alterations  in  every 
particular,  and  that  the  wave  form  and  wave  principle  were  now  adopted 
by  all  the  great  steam-ship  builders,  and  that  all  the  fast  steamboats  had 
what  was  called  the  wave-bow.  Now,  of  the  eight  boats  on  the  Holy- 
head and  Dublin  stations,  if  examined,  it  would  be  found  that  all  of  them 
were  built  on  these  principles,  although  in  some  of  them  there  was  still 
left  a  little  of  the  old  principle,  some  of  the  boats  being  made  a  little 
fuller  and  more  straight;  and  if  any  one  would  look  at  one  of  these  boats, 
it  would  be  perceived  that  the  moment  they  moved  the  very  wave  itself 
rebelled  against  them  and  broke  against  their  bows, — and  that  conse- 
quently these  were  slower  than  any  of  the  class  ;  and  he  gave  the  details 
of  their  construction, — for  which  we  have  not  space.  All  of  them  were 
examples  of  the  value  of  the  form  and  the  principles  which  the  British 
Association  had  advocated  and  introduced  at  a  very  early  period  in  its 
history. 

Mr.  J.  Taylor  stated,  that  as  Treasurer  of  the  Association,  he  could 
bear  witness  to  the  value  of  the  efforts  of  the  Association  in  this  direc- 
tion ;  and  he  felt  bound  in  justice  to  state  that  the  credit  Mr.  Russell  had 
given  to  the  Association  was  chiefly  due  to  himself,  as  the  individual  who, 
with  the  late  Sir  J.  Uobinson,  had  conducted  the  iovestigatious  on  this 
subject. 


"  On  Common  Salt  as  a  Poison  to  Plants."    By  W.  B.  Randall. 

The  following  notice  is  presented  as  being  likely  to  afford  a  useful 
practical  caution  to  those  interested  in  the  cultivation  of  plants.  In  the 
month  of  September  last,  three  or  four  small  plants  in  pots  were  shown  to 
the  writer,  nearly  or  quite  dead  ;  and  he  was,  at  the  same  time,  informed 
that  their  destruction  was  a  complete  mystery  to  the  party  to  whom  they 
belonged,  and  that  Dr.  Lindley  had  expressed  his  opinion,  from  the 
examination  of  a  portion  of  one  sent  to  him,  that  they  were  poisoned. 
Having  searched  in  vain  for  any  strong  poison  in  the  soil,  and  in  the  plants 
themselves,  he  inquired  more  minutely  into  the  circumstances  of  the  case, 
and  found  that  these  were  only  specimens  of  many  hundreds  of  plants 
both  in  the  open  air  and  in  green-houses  (but  all  in  pots)  which  exhibited, 
in  a  greater  or  less  degree,  the  same  characteristics.  The  roots  were  com- 
pletely rotten,  so  as  to  be  easily  crumbled  between  the  fingers  ;  the  stems, 
even  in  young  plants,  assumed  the  appearance  of  old  wood  ;  the  leaves 
became  brown,  first  at  the  point,  then  round  the  edge,  and  afterwards  all 
over  ;  while  the  whole  plant  drooped  and  died.  At  least,  2,000  cuttings 
in  various  stages  of  progress,  and  1,000  strong,  healthy  plants  had  been 
reduced  to  this  condition ;  including  different  varieties  of  the  fir,  cedar, 
geranium,  fuchsia,  rose,  jasmiue,  and  heath.  The  sight  of  this  wholesale 
destruction,  coupled  with  the  fact  that  the  whole  were  daily  watered  from 
one  particular  source,  suggested  the  conclusion  that  the  cause  of  the  evil 
must  reside  in  the  water  thus  used  ;  and  this  was  accordingly  examined. 
It  yielded  the  following  constituents,  making  in  each  imperial  pint  of  20 
fluid  ounces,  nearly  'JJ  grains  of  solid  matter  entirely  saline,  without  any 
organic  admixture : — 

Carbonate  of  lime  ..  ..  ..  ..  OflOO 

Sulphate  ol    lime  ..  ..  ..  ..  0"-lf!2 

Chloride  ol  calcium  ..  ..  ..  ..  0-200 

Chloride  of  magnesium  ..  ..  ..  *.  1*252 

Chloride  of  sodium  ..  ..  ..  ..  €*906 

9-420 
The  mould  around  the  plants  and  an  effusion  of  the  dead  stems  and 
leaves  also  afforded  abundant  evidence  of  the  presence  of  much  chloride  of 
sodium.  Further  inquiry  showed  that  the  well  from  which  the  water  was 
procured  had  an  accidental  communication,  by  means  of  a  drain,  with  the 
sea  ;  and  had  thus  become  mixed  with  the  salt  water  from  that  source, 
and  had  been  used  in  this  state,  for  some  weeks,  probably  from  two  to 
three  months.  From  about  that  time  the  plants  had  been  observed  to 
droop ;  but  it  was  not  until  nearly  the  whole  of  a  valuable  stock  hail  been 
destroyed,  that  any  extraordinary  cause  of  the  evil  was  suspected.  To 
place  it  beyond  doubt  that  the  water  was  really  the  cause  of  the  mischief, 
twelve  healthy  fuchsias  were  procured  from  a  distance  and  divided  into 
two  parts  ;  half  being  watered  morning  and  evening  with  the  water  in 
question,  and  the  others  with  rain  water.  In  a  week,  tlie  six  plants 
watered  from  the  well  had  turned  brown,  and  ultimately  died,  while  all 
the  rest  remained  perfectly  flourishing.  Assuming  from  these  facts,  that 
the  common  salt  in  this  water  was  the  chief  cause  of  the  results  described, 
it  is  proved  that  water  containing  about  seven  grains  of  salt  in  each  pint 
is,  in  its  continued  use,  an  efl'ectual  poison  to  the  weaker  forms  of  vegeta- 
tion  ;  or  that  when  a  .soil  is  continually  watered  with  a  weak  solution  of 
salt  it  gradually  accumulates  in  it  until  the  soil  becomes  sufficiently  con- 
taminated to  be  unfit  to  support  vegetable  life.  In  either  case  an  inter- 
esting subject  of  inquiry  is  suggested — What  is  the  weakest  solution  of 
salt  which  can  produce  in  any  measure  this  poisonous  effect? — or,  in 
other  words,  at  what  degree  of  dilution  does  the  danger  cease?  For  salt 
is  an  important  natural  constituent  of  much  spring  water,  quite  indepen- 
dent of  any  inlillration  from  the  sea,  as  in  this  instance.     Thus :— the 
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water  of  the  artesian  well,  Trafalgar-square,  London,  contains  in  each 
gallon  about  20  grains:  that  at  Combe  and  Delafield's  Brewery,  12  7  ; 
that  at  Wolverhampton  Railway  Station  0  ;  one  lately  sunk  at  Southamp- 
ton, for  supplying  a  private  manufactory,  40.  May  it  not  be  asked, 
whether  the  subject  of  the  suitableness  of  waters  in  general  for  the 
various  purposes  to  which  they  are  spplied— be  it  in  mannfaclories  or  for 
steam-engines,  domestic  purposes  or  drinking — is  not  worthy  of  a  greater 
share  of  scientitic  attention  than  it  has  hitherto  commandtd ! 


Geology  of  Socth  Wales. 

On  (he  Geology  of  Portions  of  South  Wales,  Gloucestershire,  and  Somer- 
setshire.    By  Sir  n.  T.  De  la  Beche. 

The  rocks  of  this  district  have  originated  in  several  distinct  ways:  some 
have  had  a  mechanical  origin,  and  consist  of  the  detritus  of  older  rocks 
broken  into  fragments  or  reduced  to  powder,  and  brought  down  from  the 
land  by  rivers,  or  worn  by  the  breakers  from  the  coast  ;  others  have  been 
deposited  from  a  state  of  chemical  solution,  like  some  of  the  limestones ; 
and  some  have  been  formed  almost  entirely  from  the  aggregation  of  organic 
remains.  The  materials  obtained  from  the  destruction  of  the  older  rocks 
have  been  employed  over  and  over  again  in  the  formation  of  those  of  later 
date. 

1.  The  most  ancient  strata  of  the  district  have  been  denominated  Cam- 
brian and  Silurian  :  the  former  may  be  seen  in  Pembrokeshire,  towards  St. 
David's.  They  contain  the  earliest  fossil  remains  which  have  been  dis- 
covered. Numerous  volcanoes  appear  to  have  been  active  at  this  period, 
ejecting  quantities  of  ashes  which,  falling  into  the  sea,  entombed  the  ani- 
mals living  on  its  bed.  Even  at  this  early  period  there  may  be  discovered 
indications  of  portions  of  the  sea's  bed  having  been  upheaved  so  as  to 
form  dry  land  or  islands.  Subsequently  a  depression  took  place,  and  an 
accumulation  of  sand  was  spread  over  the  whole,  constituting  what  is  called 
the  Caradoc  sandstone.  After  many  thousands  of  feet  of  materials  had 
thus  been  accumulated  and  become  consolidated,  another  contortion  and 
folding  of  the  strata  took  place,  followed  by  a  change  in  the  nature  of  the 
materials  deposited  in  the  sea. 

2.  The  second  series  of  deposits  constitute  the  Old  Red  Sandstone,  which 
consists  mostly  of  detrital  matter,  but  contains  occasional  beds  of  impure 
limestone  (cornstone),  and  in  its  lower  part  there  is  a  great  thickness  of 
marl,  also  coloured  red  by  per-oxide  of  iron,  and  occasionally  streaked  with 
blue  and  green  where  the  iron  has  been  reduced  to  a  lower  state  of  oxida- 
tion by  the  presence  of  decomposing  vegetable  matter.  The  upper  beds 
consist  of  coarse  sand  and  gravel  cemented  together  and  forming  a  hard 
conglomerate ;  the  multitude  of  quartz  pebbles,  derived  from  veins,  indicates 
an  immense  destruction  of  older  rocks.  No  fussils  are  found  in  this  forma- 
tion, because  sands  are  always  barren,  and  per-oxirie  of  iron  is  fatal  to  ani- 
mal life  when  it  exists  in  excess ;  but  in  the  cornstones  a  few  remarkable 
fishes  {Cephalaspis,  life.)  have  been  obtained.  These  rocks  appear  to  have 
been  formed  near  a  coast,  whilst  at  a  small  distance  in  Cornwall  and  Devon 
the  sea  was  depositing  fine  sediment,  was  free  from  the  injurious  per-oxide, 
and  abounded  in  organic  life.  The  Old  Red  Sandstone  is  sometimes  con- 
formable to  the  underlying  Silurian  rocks, — at  others  unconformable ;  and 
in  the  Valley  of  the  Towy  it  begins  to  overlap  the  Upper  Silurian  and  rest 
upon  the  Lower  Silurian  rocks ;  further  west,  it  is  itself  overlapped  by  the 
coal-measures  which  there  rest  on  the  Silurians. 

3.  After  this  another  great  change  took  place,  and  the  sea  deposited  car- 
bonate of  lime,  forming  the  carboniferous  limestone,  well  shown  on  the 
coast  of  Pembrokeshire.  The  lower  part  of  this  serirs  consists  of  sand- 
stones and  shale,  in  which  the  remains  of  fishes  occur  in  abundance.  Mol- 
lusca  also  appear;  and  soon  the  abundance  of  organic  remains  becomes  so 
great  that  whole  strata  are  formed  of  their  remains:  indeed,  the  carbonate 
of  lime  seems  to  have  been  chiefly  produced  by  the  agency  of  animal  life. 
This  limestone,  which  is  sometimes  2,000  feet  thick,  dwindles  to  70  or  80 
feet  towards  Haverfordwest,  and  does  not  appear  to  have  extended  far  to 
the  north.  Here  a  change  of  mineral  character  takes  place  in  the  coal- 
measures,  originally  consisting  of  mud,  sand,  gravel,  and  accumulations  of 
vegetable  matter.  The  lowest  division,  millstone  grit  or  farewell  rock,  is 
usually  a  white  quartzose  sand,  but  sometimes  a  calcareous  mudstone  with 
organic  remains,  the  equivalent  of  the  culm  of  Devon.  Above  this  were 
formed  beds  of  mud  and  sand,  with  occasional  beds  of  vegetable  matter  and 
carbonate  of  iron;  these  beds  diminish  in  thickness  from  Merthyr  Tydvil  to 
Pont-y-pool ;  and  are  wanting  in  Dean  Forest,  hut  exist  in  the  ISristol  field. 
With  respect  to  the  origin  of  the  coal  in  this  district,  there  is  evidence  that 
it  originated  in  accumulations  of  vegetable  matter  which  grew  on  the  spot. 
The  conditions  under  which  the  beds  of  coal  occur  have  been  described 
minutely  by  Mr.  Logan  ;  under  each  coal  seam  is  a  bed  of  sandy  clay,  full 
of  the  fossil  plants  known  as  Stigmariis,  and  which  Mr.  Binney  has  shown 
to  be  the  roots  of  another  plant,  the  Sigillaria,  equally  abundant  in  the  coal, 
which  must  have  grown  in  swamps  near  the  sea.  After  each  great  accumu- 
lation of  vegetable  matter,  the  land  seems  to  have  subsided,  and  the  sea 
flowed  ill,  bringing  sand  and  mud  and  marine  shells;  again  marshes  were 
formed  and  fresh  accumulation  of  peat  and  plants,  to  he  in  turn  covered  by 
silt  from  the  sea.  Evidence  of  the  local  origin  of  the  coal  is  also  afforded 
by  the  frequent  occurrence  of  fossil  trees  with  their  trunks  erect  and  their 
roots  spreading  out  in  the  clay  below;  several  of  these  trees,  each  14  or  15 
feet  high,  were  discovered  at  the  head  of  the  Taw  Valley  ;  the  outside  of 


their  trunks  appears  to  have  been  originally  hard  and  to  have  resisted  the 
action  of  water  for  some  time,  but  their  interior  was  soft  and  soon  became 
hollow  and  filled  with  mud,  which  is  regularly  stratified ;  the  sandstone  on 
the  outside  of  the  trees  also  bears  traces  of  the  rippling  of  the  water  around 
them.  The  iron  ore  of  the  district  occurs  in  the  form  of  nodules  of  argil- 
laceous ironstone,  lying  in  courses  ;  the  cracks  in  these  nodules  being  filled 
with  carbonate  of  iron  just  as  those  in  the  cement-stones  (septaria)  of  the 
lias  are  filled  with  carbonate  of  lime.  One  of  the  phenomena  of  the  coal  dis- 
trict is  the  occurrence  of  cracks,  attended  with  the  displacement  of  the 
beds  on  either  side  ;  these  faults  are  numerous,  and  amount  in  one  instance 
to  2,400  feet ;  the  cracks  are  sometimes  wide,  whilst  at  others  the  sides  are 
in  close  contact.  Many  of  the  faults  appear  to  have  been  formed  before  the 
deposit  of  the  raagnesian  conglomerate  ;  but  others  appear  to  have  been 
formed  at  almost  every  subsequent  period.  In  some  instances  beds  of  coal 
seem  to  have  been  partially  washed  away  before  the  accumulation  of  the 
succeeding  bed,  giving  rise  to  spurious  faults,  such  as  that  called  the 
"  Horse"  in  the  Forest  of  Dean. 

4.  At  the  conclusion  of  the  coal  period,  all  the  existing  rocks  appear  to 
have  been  squeezed  and  contorted  not  only  in  Britain,  but  over  a  great  part 
of  Europe,  a  new  deposit  of  detrital  matter  began  to  be  formed,  similar  to 
those  before  the  coal  period,  and  called  by  way  of  distinction  the  New  Red 
Sandstone.  Where  this  formation  approaches  the  older  rocks  it  puts  on  the 
appearance  of  a  shingle  bed,  in  which  the  detritus  of  the  older  rocks  is  ce- 
mented together  by  carbonate  of  lime  and  magnesia,  hence  termed  the  mag- 
nesian  conglomer.ate.  These  fossil  beaches  are  thickest  on  the  south-west 
and  west  flanks  of  the  Mendip  and  other  hills,  indicating  an  open  ocean 
and  prevalent  winds  in  that  directron.  In  the  red  sandstone  and  marls 
formed  at  the  same  time,  but  further  from  the  coast,  there  are  no  traces  of 
animal  life ;  but  as  the  red  stain  disappears  from  the  rocks,  towards  the 
conclusion  of  the  period,  remains  of  fishes  and  shells  appear. 

5.  Further  suljsidences  took  place  ;  the  sea,  now  freed  from  the  per- 
oxide of  iron,  swarmed  with  animals  of  extraordinary  form  and  structure. 
We  still  trace  its  boundaries  in  Glamorganshire  and  the  Mendips  by  beds  of 
rolled  pehldes  from  the  subjacent  rocks,  and  close  to  these  sheltering  coasts 
the  remains  of  marine  saurians  abound  in  the  consolidated  mud  and  lime- 
stone {Lias),  along  with  the  bones  of  the  flying  Pterodactyle.  Somewhat 
later,  great  beds  of  oolitic  limestone  were  accumulated  in  the  sea,  which 
now  constitute  the  Cotteswold  Hills  and  their  extension  to  Bath  and  Dorset- 
shire. 

6.  No  further  history  is  afl'orded  by  this  district  until  comparatively  rao- 
ern  times,  when  we  find  evidence  of  subsidence  beneath  the  sea  and   of 

agencies  by  which  the  present  form  of  the  surface  was  accomplished.  The 
presentland  must  have  been  at  least  1,500  feet  lower;  and,  therefore,  nearly 
all  under  the  sea.  There  is  also  evidence  that  the  climate  became  cold,  that 
there  were  glaciers  in  the  mountains  of  North  Wales  and  icebergs  floating 
round  the  shores,  carrying  blocks  of  stone  and  gravel  and  presenting  all  the 
phenomena  of  polar  regions.  The  sea  also  accumulated  beds  of  clay,  in 
which  the  few  existing  shells  are  of  Arctic  character.  Still  later,  the  land 
must  have  risen  again  above  the  sea  to  an  elevation  greater  than  it  now  has, 
for  we  find  submarine  forests  fringing  all  the  shores  of  Europe  from  Spain 
to  Norway.  Of  this,  one  of  the  best  examples  occurs  in  Swansea  Bay, 
where  the  stumps  of  oak  and  alder  may  be  seen  at  low  water,  20  or  30  feet 
lower  than  they  could  have  grown. 

"  On  the  Relative  Position  of  the  various  Qualities  of  Coal  in  the  South 
Wales  Coal-field."     By  S.  Benson,  Esq. 

The  coal  is  of  three  kinds :  1.  bituminous,  the  small  of  which  will  coke  ; 
2.  free-burning,  the  small  of  which  will  not  coke,  but  which  burns 
with  great  rapidity  and  a  considerable  volume  of  flame  ;  3.  anthracite  or 
stone  coal.  These  three  pass  into  one  another  imperceptibly ;  the  same 
vein  of  coal  changing  gradually  from  bituminous  to  free-burning,  and  from 
this  to  anthracite. 

1.  The  coal  beds  which  crop  out  on  the  south  side  of  the  basin  are  highly 
bituminous,  becoming  less  so  towards  the  north.  The  five-foot  vein,  exten- 
sively worked  near  Swansea  on  the  south  rise,  is  highly  bituminous, — on  the 
north  rise,  within  a  distance  of  two  miles,  it  becomes  free-burning.  The 
various  beds  also  differ  considerably  in  their  bituminous  qualities  and  com- 
mercial value. 

2.  The  free-burning  coals  occupy  a  tract  running  north-east  and  south- 
west through  the  centre  of  the  coal-field.  Those  which  are  intermediate 
between  the  free-burning  and  bituminous  are  perhaps  better  adapted  than 
any  for  smelting  purposes, — and  in  the  neighbourhood  of  Merthyr  form  the 
chief  supply  for  the  blast  furnace,  being  either  used  raw  or  the  large  only 
being  coked  in  the  open  air.  The  pure  free-burning  coals  are  less  adapted 
for  smelting,  but  are  preferred  for  steamers  from  their  readiness  of  combus- 
tion and  the  absence  of  clinkers  in  the  grate.  Free-liurning  coals  are 
admitted  to  government  contracts  from  the  following  places :  Llangennech, 
Camerons,  Graigola,  Briudowey,  Resolven,  and  Aberriare. 

3.  The  northern  side  of  the  basin  is  occupied  by  the  anthracite,  which 
graduates  through  the  various  "  culms"  into  the  free-burning  coal.  In 
Pembrokeshire  the  coal  is  all  anthracite.  Taking  the  area  of  the  Glamorgan- 
shire coal-field  at  750  square  miles,  it  is  estimated  that  xjths  of  this  area  is 
occupied  by  bituminous  and  free-burning  coals,  and  the  remainder  by  culm 
and  anthracite.  It  appears  that  the  beds  of  coal  on  the  south  crop  lose 
their  bituminous  qualities  gradually  as  they  dip  to  the  north  ;  so  that  if  on 
a  section  lines  are  drawu  to  show  the  boundaries  of  the  qualities  of  coal 
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they  will  not  be  vertical  but  inclined  to  the  north.  If  the  change  in  tlie 
quaiily  of  the  coal  is  attributed  to  the  influence  of  subterranean  heat,  then 
the  inclination  of  these  lines  will  serve  to  point  out  the  direction  from  which 
that  heat  acted,  namely,  from  the  north-west  of  the  coal-field. 

Mr.  Booker,  being  called  on  by  the  President  for  some  statistical  informa- 
iion,  staled  that  there  were  159  blast  furnaces  in  the  district  employed  in 
smelting  iron,  and  that  550,000  tons  of  iron  were  annually  manufactured. 
The  coal  raised  in  the  district  was  employed  as  follows  : — 

1,50(1.000  tons  annually  in  the  manufacture  of  iron. 

200,6011    ,,  „  ,,  „  copper. 

l.'>».00(l     „  „  „  „  tin. 

r.'iO.OOO    .,    employed  iu  domestic  purposes  and  in  agriculture. 
1,7^)6,000     „    exported. 


4,350,000  tens  per  annum. 
At  this  rate,  and   supposing  the  coal  to  e.\ist  only  over  100  square  miles, 
there  was  sufficient  for  1,400  years  to  come.     The  value  of  the  exports  from 
the  district,  consisting  ofiran,&c.,iu  a  state  of  rough  manufacture,  amounted 
to  4,000,000/.  a  year. 

**  On  the  Submerf/ence  of  Ancient  Land  in  Jl'ales ;  the  Accumulation  of 
newer  Strata  around  and  above  it ;  and  the  Re-appearance  of  the  same  Land 
by  Elevation  and  Denudation."     By  Professor  A.  C.  Kamsav. 

This  communication  was  illustrated  by  a  section,  on  a  true  scale,  of  the 
rocks  near  Builth,  in  Uadnorshire,  where  the  Wenlock  shales  rest  uncon- 
formably  on  the  Llandeilo  flags.  The  lower  rocks  must  have  been  elevated 
previously  to  the  formation  of  the  upper,  and  their  upturned  edges  must 
have  been  worn  away  by  the  sea  when  the  upper  rocks  were  deposited  or 
previously.  No  power  is  known  to  exist  far  below  the  level  of  the  sea,  by 
which  this  process  could  have  been  effected  ;  it  must  have  taken  j)lace  at 
the  sea's  level.  Thr<iughout  Wales  the  Lower  Silurian  rocks  appear  to  have 
been  disturbed  at  one  particular  period,  to  have  been  heaved  above  water 
and  formed  a  coast,  around  which  the  succeeding  rocks  were  accumulated. 
Near  Bishop's  Castle  the  upheaval  of  the  Llandeilo  flags  was  followed  by  the 
deposition  of  the  Caradoc  sandstone,  which  is  full  of  pebbles  of  the  older 
rocks.  After  this  a  subsidence  appears  to  have  taken  place,  the  area  of  the 
sea  was  increased,  and  the  Wenlock  shale  was  deposited  not  only  over  the 
Caradoc  sandstone,  but  beyond  it,  as  at  Builth,  upon  the  Llandeilo  flags ; 
and  in  some  places  the  shale  rests  on  greenstone  rocks  and  certain  pebbles 
from  it,  being  in  fact  a  gravelly  sea  bottom.  This  depression  of  the  bed  of 
the  sea  continued  also  duiing  the  deposition  of  the  Ludiow  rocks,  which  are 
conformable  to  the  Wenlock  shale  ;  and  there  is  no  marked  alteration  in  the 
organic  remains  of  the  two  rocks.  The  Wenlock  shale  is  1,500  feet  thick, 
and  the  Ludlow  rocks  3,500  feet ;  and  as  it  is  certain  that  their  organic 
remains  could  not  have  existed  at  the  depth  of  5,000  feet,  we  must  suppose 
a  gradual  subsidence  of  the  area,  such  as  is  believed  to  be  now  taking  place 
amongst  some  of  the  coral  islands,  until  5,000  feet  of  rocks  was  accumulated 
over  what  had  been  dry  land.  The  old  red  sandstone,  which  has  a  maximum 
thickness  of  8,000  feet,  appears  also  to  have  extended  over  this  country, 
judging  by  the  outliers,  at  a  considerable  distance  to  the  north  and  west. 
Subsequently,  the  whole  of  this  series,  from  the  Caradoc  sandstone  upwards, 
was  removed,  and  the  ancient  Silurian  strata  became  the  surface  of  dry  land 
as  they  had  been  so  long  before.  It  now  became  a  question,  what  amount 
of  alteration  may  the  Silurian  rocks  have  undergone  during  the  time  they 
were  so  covered  up  .'  If  the  same  laws  regulated  the  ascent  of  the  internal 
temperature  as  at  present,  namely,  1°  for  every  54  feet,  then  the  addition  of 
5,000  feet  of  rock  would  have  raised  the  temperature  by  92°,  whilst  9,000 
feet  would  have  added  100°,  and  v\ith  11,000  of  superincumbent  strata  the 
Lower  Silurian  rocks  must  have  endured  an  increased  temperature  of  212°. 
To  influences  of  this  kind  may,  perhaps,  be  attributed  the  crystalline  or 
nsetamorphic  condition  of  some  of  the  more  ancient  rocks, — as  suggested  by 
Sir  J.  Herschel,  in  a  paper  communicated  years  ago  to  the  Geological  Society 
of  Loudon. 

The  Dean  of  Westminster  referred  to  the  Portland  rock,  in  which  a 
bed  of  vegetable  soil  occurs,  full  of  trunks  of  trees,  and  cycadites ;  this  bed 
rests  on  limestone  containing  ammonites,  and  is  covered  by  similar  marine 
deposits.  Again  in  the  Weald,  fossil  forests  and  beds  of  freshwater  shells 
are  found  above  marine  accumulations,  and  followed  hy  the  greensand  and 
chalk.  At  the  present  time  wt  find  peats,  and  antlers  of  the  red  deer,  in 
the  bed  of  the  Channel,  several  miles  off  Swansea.  On  the  Norfolk  coast, 
and  in  the  English  Channel,  are  found  the  bones  of  the  elephant,  and  fossil 
wood,  disinterred  from  former  cliffs  by  the  action  of  the  sea.  These,  with 
many  other  circumstances,  were  quoted  as  showing  that  whilst  the  sea-level 
was  fixed,  the  land  had  sufll'ered  depressions  and  elevations  at  many  periods 
of  time. 

Professor  Phillips  pointed  out  the  extent  of  some  of  these  subsidences 
of  the  land  ;  for  example,  the  old  red  sandstone,  8,000  feet  thick,  all  formed 
in  shallow  water,  and  the  coal  measures  11,000  feet  thick,  and  added  under 
similar  circumstances ;  and  inquired  what  condition  of  the  interior  of  the 
earth  can  have  admitted  of  the  gra.lual  subsidence  of  such  great  masses  of 
strata  ?  According  to  Mr.  Hopkins's  statement,  it  was  improbable  that  the 
interior  would  now  admit  of  it.  With  respect  to  the  augmentation  of  tem- 
perature which  would  follow  on  the  addition  of  several  thousand  feet  of 
strata,  it  should  be  remembered  that  the  communicatinn  of  heat  from  below, 
through  such  rocks,  was  remarkably  slow  ;  and  the  law  of  the  distribution 
of  internal  temperature  could  not  be  assumed  the  same  in  ancient  as  in 


modern  times.  As  to  the  level  of  the  sea  remaining  unchanged,  this  was 
only  assumed  for  security  in  geological  leasiit.iiig ;  there  was  evid'-nce  in  the 
Malverns  of  a  sea-level  000  feet  above  the  present,  but  it  was  iniiio'.silile  to 
say  whether  that  ancient  level  was  nearer  the  centre  of  the  earth  when 
formed  than  now. 

Coast  Levels. — Lieut. -Col.  Porti.ock  communicated  some  observations  on 
apparent  changes  in  the  level  of  the  coast  near  Portsmouth,  and  contended 
tbat,  as  these  evidences  of  subsidence  could  be  traced  back  to  the  most 
ancient  times,  so  they  had  continued  up  to  the  present  day,  and  expressed 
his  conviction  that  a  parallel  might  be  found  in  existing  nature  to  all  the 
phenomena  of  ancient  times.  It  appears  that  Fort  Cumberland,  near  Ports- 
mouth,  stands  on  a  bank  of  gravel  and  sand,  and  that  owing  to  some  new 
wall  made  to  protect  it  from  the  sea,  a  fresh  direction  was  given  to  the  tide, 
and  a  portion  of  the  bank  undermined  and  washed  away,  in  the  course  of 
which  a  thick  plank  with  a  bolt  was  discovered,  showing  that  the  basis  of  the 
fort  had  no  great  antiquity.  An  artesian  well  has  also  been  made  to  supply 
Blockhouse  Fort,  which  shows,  for  the  first  60  feet  nothing  but  clean 
shingle,  and  then  a  layer  of  sandy  clay,  full  of  common  oyster-shells. 

"  On  the  Chemical  Character  of  Steel."     By  Mr.  Nasmvth. 

Were  we  to  assume,  as  our  standard  of  the  importance  of  any  investiga- 
tion, the  relation  which  the  subject  of  it  bears  to  tlie  progress  of  civilization, 
there  is  no  one  which  would  reach  higher  than  that  which  refers  to  the 
subject  of  steel :  seeing  that  it  is  to  our  possession  of  the  art  of  producing 
that  inestimable  material  that  we  owe  nearly  the  whole  of  the  arts.  1  am 
desirous  of  contributing  a  few  ideas  on  the  subject,  with  a  view  to  our 
arriving  at  more  distinct  knowledge  as  to  what  (in  a  chemical  sense)  steel  is, 
and  so  lay  the  true  basis  for  iraprovenient  in  the  process  of  its  manufacture. 
It  may  be  proper  to  name  that  steel  is  formed  by  surrounding  bars  of  wrought 
iron  with  charcoal  placed  in  fire-brick  troughs,  from  which  air  is  excluded, 
and  keeping  the  iron  bars  and  charcoal  in  contact,  and  at  a  full  red  beat  for 
several  days  ;  at  the  end  of  which  time  the  iron  bars  are  found  to  be  con- 
verted into  steel.  What  is  the  nature  of  the  change  which  the  iron  has 
undergone  we  have  no  certain  knowledge  ;  the  ordinary  explanation  is,  that 
the  iron  has  absorbed  and  combined  with  a  portion  of  the  charcoal  or 
carbon,  and  has  in  consequence  been  converted  into  a  carburet  of  iron.  But 
it  has  ever  been  a  mystery  that  on  analysis,  so  very  minute  and  questionable 
a  portion  of  carbon  is  exhibited.  It  appears  that  the  grand  error  in  the 
above  view  of  the  subject  consists  in  our  not  duly  understanding  the  nature 
of  the  change  which  carbon  undergoes  in  its  combination  with  iron  in  the 
formation  of  steel.  Those  who  aie  familiar  wiih  the  process  of  the  conver- 
sion of  iron  into  steel,  must  have  observed  the  remarkable  change  in  the 
outward  aspect  of  the  bars  of  iron,  after  their  conversion — namely,  that  they 
are  covered  with  blisters.  These  blisters  indicate  the  evolution  of  a  very 
elastic  gas,  which  is  set  free  from  the  carbon  in  the  act  of  its  combination 
with  the  iron.  I  have  the  strongest  reasons  to  think  that  these  blisters  are 
the  result  of  the  decomposition  of  the  carbon  ;  whose  metallic  base  enters 
into  union  with  iron,  and  forms  with  it,«n  alloy,  \\\i\\e  the  other  component 
element  of  the  carbon  is  given  forth,  and  so  produces  in  its  escape  the 
blisters  in  question.  On  this  assumption  we  come  to  a  very  interesting 
question — What  is  the  nature  of  this  gas .'  In  order  to  examine  this,  all 
that  is  requisite  is  to  fill  a  wiought-iron  retort  with  a  mixture  of  pure  carbon 
and  iron  filings,  subject  it  to  a  loug-contiuued  red  heat,  and  receive  the 
evolved  gas  over  mercury.  Having  obtained  the  gas  in  question  in  this 
manner,  then  permit  a  piece  of  polished  steel  to  come  in  contact  with  this 
gas,  and  in  all  probability  we  shall  then  have  reproduced  on  the  surface  of 
the  steel  a  coat  of  carbon  resulting  from  the  re-union  of  its  two  elements, 
namely,  that  of  the  metallic  base  of  the  carbon  then  existing  in  the  steel, 
with  the,  as  yet,  unknown  gas ;  thus  synthetically,  as  well  as  hy  analytic  pro- 
cess, eliminating  the  true  nature  of  steel,  and  that  of  the  elements  or  com. 
ponents  of  carbon. 

"  On  Hydraulic  Pressure  Engines."     By  Mr.  J.  Glyn. 

This  paper  described  the  mode  of  employing  the  power  of  waterfalls  iu 
a  most  useful  and  important  manner — too  long  neglected  in  this  country, 
considering  the  advantages  it  affords  in  hilly  districts  for  the  <]r4inage  of 
mines.  Mr.  Glyn  brought  under  their  notice  the  meaus  of  employiog  high 
falls  of  water  to  produce  a  reciprocating  motion  by  means  of  a  "  pressure- 
engine."  The  pressure-engine  acted  by  the  power  of  a  descending  column 
of  water  upon  the  piston  of  a  cylinder  to  give  motion  to  pumps  for 
raising  water  to  a  dill'eient  level,  or  to  produce  a  reciprocating  motion  for 
other  purposes.  The  pressure-engine  was  calculated  to  give  great  me- 
chanical eliect  in  cases  where  waterfalls  may  be  found  of  much  too  great 
a  height  and  too  small  a  quantity  to  be  practically  brought  to  bear  in  a 
sullicieut  degree  on  water-wheels  within  the  ordinary  limits  of  diameter. 
The  author  produced  instances  of  the  desired  pressure-engine,  one  of 
which  was  constructed  about  forty  years  ago  in  Derbyshire — and  which 
he  believed  was  still  at  work  in  Alport  IMines,  to  which  it  was  removed 
from  its  original  situation.  The  cylinder  was,  he  believed,  30  inches  in 
diameter.  In  1841  Mr.  John  Taylor  advised  the  application  of  another 
and  more  powerful  engine  at  the  Alport  Mines,  which  was  made  under  his 
(Mr.  Glyn's)  direction  at  the  Bulterley  Ironworks  in  Derbyshire.  This 
was  the  most  powerful  engine  that  had  been  made.  The  cylinder  was  50 
inches  in  diameter,  and  the  stroke  10  feet.  It  was  worked  by  a  column  of 
water  of  132  feet  in  height,  so  that  the  proportion  of  power  to  act  on  it 
was  as  the  area  of  a  piston  to  that  of  the  plunger— namely,  1,903  to  1,386, 
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or  fully  70  percent.  The  superintendent  of  the  machinery  assured  him 
ihat  the  engine  had  never  cost  Ihem  £12  a-year  since  it  was  erected.  Its 
usual  speed  was  about  5  strokes  per  minute  ;  but  it  was  capable  of  work- 
ing at  7  strokes  per  minute  without  any  concussion  in  the  descending 
column,  the  duty  actually  done  beiug  equal  to  163  horse-power: — Area  of 
plunger  9-021  feet  X  10  feet  X  7strokes=  673-41.  673-41  X  C2-5  x  132  = 
^aiioow'  =  163  horse-power.  The  author  concluded  by  remarking  that, 
in  (his  case  as  in  all  others  when  water  acts  by  its  gravity  or  pressure, 
those  machines  do  the  best  work  when  the  water  enters  the  machine 
without  shock  or  impulse  and  quits  it  without  velocity.  They  thereby 
obtain  all  the  available  power  that  the  water  will  yield  with  the  least  loss 
of  effect;  and  this  result  is  best  accomphshed  by  making  the  pipes  and 
passages  of  suSicient  and  ample  size  to  prevent  acceleration  of  the  hydro- 
static column. 

'^  Analysis  of  Wrought-Iron  produced  by  Cementation  from  Cast-Iron." 
By  Professor  INIiller. 

It  is  to  be  noticed  that  considerable  change  in  the  specific  gravity  oc- 
curred in  the  iron  after  cementation  :  it  was  forged,  and  then  found  to 
have  increased  in  density  ;  the  brittle  iron  had  a  specific  gravity  of  7-684, 
the  malleable  7-718.  The  results  of  analysis  were  briefly  these  : — The 
quantity  both  of  carbon  and  silicon  are  materially  diminished  by  the 
cementation,  though  still  the  propoi-tion  of  both  is  materially  gi-ealer  than 
in  good  bar-ii-oa.  It  also  appfars  that  the  portion  of  carbon  which  is  in- 
soluble in  acids  is  partly  the  same  both  before  and  after  the  iron  has  been 
rendered  malleable,  the  dimiuuiion  being  confined  almost  to  that  portion 
of  carbon  which  was  chemically  combined  with  the  metal,  and  which, 
therefore,  would  be  in  a  state  for  propagation  through  the  mass  more 
readily  by  cementatio:i. 

'-  On  the  Drainage  of  a  Portion  uf  Clmt-3Ioss."     By  G.  \V.  ORMtROD. 

The  SHf/rtt-e  of  the  moss  varies  from  80  feet  to  100  feet  above  the  sea 
level  ;  its  bottom  at  the  deepest  part  is  100  feet  below  the  sea  line.  Part 
of  this  moss  is  now  being  laid  dry  by  means  of  open  drains,  under  the 
directions  of  Mr.  Ormerod.  After  cutting  the  drains,  the  level  of  the  peat 
falls  rapidly  ;  near  the  main  leader  it  sank  perpendicularly  S  ft.  6  in.  in 
nine  months,  and  in  one  part  2  ft.  6  in.  in  a  single  week. 

"  Extraction  nf  Silver  from  some  of  its  Ores  by  the  Wet  Way,  with  a 
Notice  of  a  Process  as  a  Substitute  for  that  of  Liquation."  Communicated 
by  Dr.  Pi-rcy. 

This  communication  proposes  to  treat  silver  ores  with  hyposiilphate  of 
lime  and  chloride  of  lime  ;  and  from  experiments  detailed  by  Dr.  Percy 
there  appears  every  i-eason  to  believe  that  these  substances  may  be  em- 
^ployed  economically,  and  both  gold  and  silver  extracted  by  an  easy  and 
effective  method.  A  process  as  a  substitute  fur  that  of  liquation  was  also 
suggested.  Mr.  Hunt  proposed,  from  the  importance  in  a  practical  point 
of  this  communication,  that  it  he  printed  entire  in  the  volume  of  Ti-ausac- 
tions.     Col.  Vorke  seconded  this  proposition  ;  and  it  was  adopted. 

"  A  new  Hydrographic  Map  nf  the  British  Isles,"  by  Herr  Petirmann, 
was  exhibited. 

On  this  map  about  1,550  rivers  are  distinguished  by  names,  480  lakes 
and  ponds,  and  40  waterfalls ;  the  canals  with  their  altitude,  as  well  as 
that  of  the  rivers  and  lakes,  and  the  great  drains  in  the  fen  districts  It 
was  stated  that  there  were  20  rivers  in  England,  10  m  Scotland,  and  10  in 
Ireland,  each  draining  500  square  miles  and  upwards.     Of  these — 

18  drain  an  area  each     ^      .''lOO   to      1,000  square  miles. 
14  „  —   1.1)110   „      2.1I0II  „ 

8  „  =  a.UOJ   „    lO.UUU  „ 

These  last  eight  are — The 

Huniber  (including  Trent  and  Ouse)  to  Spurn  Point        9,.550 

Severn  (to  Flat  Holmes)  8, .580 

Shannon  (10  Loop  Head  and  Kerry  Head)     ..         ..  6.114(3 

Thames  unclutiing  Wedvvayi  to  Note  Light  6.1(50 

Uarrow        ..         ..         ..         ..  ,         ..         .,         ..         ..         ..  ;1.410 

Great  Ouse  L'.KfiO 

Bann  2.:U^ 

Tay,  as  far  as  Rhynd 2,250 

The  river  Amazon  drains  a  tract  of  2,275.000  squai-e  uiiles. 

"  On  a  New  Element  of  Mechanism."     By  Mr.  R.  Roberts. 

The  writer  explained  the  construction  of  a  contrivance  by  which  he 
effected  in  a  very  simple  manner  movements  for  which  more  complicated 
mechanism  w'as  frequently  employed.  The  model  consisted  of  a  steel 
stock-shaft,  on  vthich  were  fitted  two  brass  discs  in  such  a  way  as  to  be 
kept  steady.  One  of  the  discs  had  eleven  teeth  rounded  at  the  top  and 
bottom  in  its  circumference,  and  was  placed  on  the  body  of  the  shaft. 
The  other  disc,  which  was  rather  the  larger,  was  in  the  eccentric  position 
of  the  shaft,  with  its  face  to  that  of  the  toothed  di.-'C.  The  plain  disc  liad 
four  studs  rivetted  into  it  at  equal  distances  from  each  other  and  at  such 
cistances  as  to  admit  of  their  being  brought  successively,  by  the  revolution 
of  the  eccentric,  to  the  bottom  of  the  hollows  in  the  toothed  disc.  The 
following  movements  may  be  effected  by  this  model  :  — viz.,  if  the  shaft 
be  held  stationary  and  the  discs  be  made  to  rcvi.lve  upon  it,  one  of  the 
discs  will  make  twelve  revolutions  wliilst  the  other  only  makes  eleven. 
Again,  if  the  toothed  disc  tje  held  whilst  the  shaft  be  made  to  revolve 
twelve  times,  the  plain  disc  will  revolve,  in  the  same  direction,  one  revolu- 
tion only  ;  and  if  the  plain  disc  be  held,  the   toothed  disc  will  perform  one 
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revolution  in  the  contrary  direction,  for  eleven  revolutions  of  the  shaft.  It 
would  be  evident  that  almost  any  other  number  of  revolutions  may  be  pro- 
duced by  empkiyingasmaller  number  of  studs,  not  fewer  than  three,  which 
will  not  divide  the  number  of  teeth  in  that  disc.  The  idea  of  this  novel 
element  in  mechanics  was  suggested  to  Mr.  Roberts  by  a  dial  movement 
in  an  American  clock. 


MINTS.* 

The  subject  of  mints  is  one  on  which  there  is  little  printed,  but 
Major  Smith,  of  Madras,  has  brought  out  a  considerable  book.  This 
work  is  mostly  directed  to  the  subject  of  mint  accounts,  but  with 
this  object  a,  close  investigation  is  necessary  into  the  processes 
aifecting  the  condition  of  the  precious  metals  in  the  operation  of 
coining,  and  this  may  be  found  of  interest.  Major  Smith's  great 
purpose  is  to  establish  that  no  loss  of  value  of  gold  or  silver  can  or 
does  take  place  in  coining,  and  that  there  is  therefore  no  difficulty, 
under  a  proper  system  of  management,  of  providing  an  adequate 
check.     He  says — 

VVe  consider  it  beyond  doubt,  judging  from  the  results  of  actual  experi- 
ence, that  there  ought  to  be  no  loss  whatever  by  the  process  of  conversion, 
in  any  of  the  Indian  Mints;  on  the  contrary,  as  we  have  elsewhere  ex- 
plained, there  ought  to  be  a  small  surplus  in  the  out-turn.  In  the  discus- 
sion, therefore,  of  the  duties  and  responsibilities  of  the  different  ofScers 
of  the  establishment,  we  shall  consider  this  as  being  admitted,  because 
our  object  is  to  determine  what  the  requisite  checks  are  to  insure  the  busi- 
ness being  properly  executed  ;  not  what  may  suliice  if  it  be  imperfectly 
done,  or  slurred  over. 

Before  proceeding,  however,  it  may  be  advisable  that  we  should  lirst 
notice  and  obviate  a  misconception  which  has  been  suggested  to  us  in 
reference  to  the  above  assertion,  as  it  strikes  at  the  very  root  of  all  the 
benefit  of  the  important  principle  involved  in  it.  It  has  been  said,  that  it 
may  be  very  true  there  ought  to  be  no  waste,  or  even  a  slight  surplus  in 
the  re-delivery  of  the  precious  metal  entrusted  to  a  Mint,  provided  it  were 
possible  to  extract  all  the  particles  from  the  mass  of  refuse  wherein  they 
are  buried  ;  that  by  pushing  the  recoveries  to  an  extreme  length,  in  de- 
fiance of  all  real  economy,  it  may  be  in  fact  possible  to  exhibit  a  trifling 
over-plus,  though  the  cost  of  the  extraction  of  the  last  particles  may  have 
far  exceeded  the  value  of  the  metal  ;  but  that  unless  this  reckless  contempt 
of  true  economy  be  systematically  persevered  in,  as  it  is  clear  that  a  cer- 
tain amount  of  bullion  must,  of  necessity,  be  allowed  to  remain  untouched, 
on  account  of  the  expense  of  extraction,  a  waste  must  be  unavoidable ;  so 
that  however  true  in  theory,  it  must  be  a  fallacy  in  practice  to  say,  that 
there  ought  to  be  a  nelt  surplus  of  delivery,  and  an  actual  bona  fide  excess. 
This  argument  is,  however,  based  upon  a  misapprehension  of  the  truth  it 
is  intended  to  oppose,  for  the  assertion  is  not,  that  there  should  be  no 
metal  not  recovered,  but  that  there  should  be  no  metal  lost  whose  existence 
could  not  be  proved,  and  its  value  recovered,  if  necessary.  Further,  that 
as  a  matter  of  actual  practice,  there  ought  to  be  a  nelt  surplus  of  delivery, 
including  the  panicles  in  the  dros.ses,  whether  they  be  recovered  therefrom 
or  whether  they  be  not,  which  is  totally  immaterial  to  the  question  ;  to 
which  it  may  be  added,  that  this  excess  ought  to  be  so  much  larger  than 
the  value  of  all  the  particles  which  are  not  extracted  from  the  refuse,  that 
even  taking  the  matter  in  the  sense  in  which  it  is  viewed  in  the  objection, 
the  assertion  still  remains  practically  true. 

The  principle  and  the  practice  we  contend  for  is,  that  the  out-turn  of  a 
Mint  in  coins,  bullion,  and  drosses,  ought  to  be  exactly  estimated,  and 
compared  with  its  receipts  ;  and  we  aflirin  that  if  this  be  correctly  done, 
and  the  duties  of  the  Mint  have  been  strictly  and  faithfully  performed 
throughout,  the  former  ought  to  exceed  the  latter,  whenever  the  bullion  is 
debited  at  the  '•  trade  Assay."  Which  being  the  case,  we  are  of  opinion 
that,  as  a  matter  of  system,  the  comparison  ought  to  be  made,  and  the 
check  thereby  established,  in  prefereme  to  the  more  lax  proceeding  of 
omitting  the  comparison,  and  writing  uli'  all  deficiencies  to  profit  and  loss 
as  '•  unavoidable  waste  in  the  operalioiis  of  coinage."  The  extent  to  which 
the  extraction  of  the  bullion  out  of  Hie  drosses  ought  to  be  carried,  is 
another  and  a  very  simple  question  ;  tiie  answer  to  which  obviously  is,  thai 
it  should  be  carried  so  far,  and  no  farther,  'ban  it  would  be  attended  by  a 
clear  profit  to  do  so.  In  this  way  it  is  that  the  business  is  carried  on  in 
Madras,  the  refuse,  when  no  longer  capable  of  being  "  recovered"  on 
account  of  Government  with  protii,  being  sold,  and  the  proceeds  carried 
to  account ;  and  it  is  according  to  tins  scheme  of  practice,  that  the  actual 
results  which  have  been  referred  to  have  produced  a  uett  surplus  amount- 
ing to  .j^  per  niille. 

If,  however,  there  ought  to  be  no  deficiency  of  the  precious 
metals,  it  does  sometimes  happen  :  it  seems  that  coins  are  sent  out 
of  tlie  mints  too  good.     Thus  it  is  said — 

We  have  beei;  informed,  that  in   the  year  1845,  the  coins  issued  by  the 


*  "Observations  on  the  Duties  and  Responsibilities  involved  in  the  Management  of 
Mints;  chiefly  with  reference  to  the  Rules  and  Practice  of  those  of  India.  With  sug- 
gestions for  their  Improvement."  By  Major  J.  T.  SMriH,  H.E.I.C.  Engineers,  F.R.S., 
A.I.C.E.,  Master  of  the  Madras  Mint.    Madras,  1848. 
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Bombay  IMint  were  so  much  above  Standard,  thai  if  they  may  be  assumed 
as  being  fairly  represented  by  60  pyx  assays  made  of  tljeni  at  the  Royal 
Mint,  and  the  value  of  the  out-turn  calculated  thereby,  they  must  have 
contained  very  nearly  3G,000  rupees  worth  more  pure  silver  tiian  they 
ouRht  to  have  done  ;  a  case  in  point  showing  the  impossibility  of  tlie  i\lint 
ofliccrs  guarding  against  loss,  because  if  it  b**  assumed  that  the  niHrchants 
were  fully  paid  for  their  bullion,  the  Miul  must  have  sull'cred  the  loss  of 
the  above  sum. 

Witli  rpfrard  to  the  probability  of  loss  of  metal,  the  author 
examines  v^■hetlle^  it  could  take  place  in  the  mcltin;^:,  and  lie  juen- 
tions — 

There  is  a  greater  probability  in  this  process,  that  a  real  loss,  an 
actual  diminution  of  value  should  occur,  than  in  any  other.  I  have 
above  stated  that  a  change  of  value  cannot  possibly  be  effected,  except  by 
a  liieral  abstraction  of  the  precious  metal,  and  we  can  easily  understand 
why  such  is  the  case.  If  a  pound  of  pure  silver,  for  instance,  were 
melted  a  thousand  times,  and  if  copper  were  added  to  and  subtracted  from 
it  by  successive  portions:  at  every  step  of  these  processes,  provided  none 
of  the  particles  (if  pure  metal  had  been  allowed  to  escape,  the  result  of 
every  true  assay  of  the  metal,  whether  in  its  coarse  or  fine  condiiion,  ought 
to  be  such  as  to  make  its  value  equal  to  that  of  a  pound  of  pure  silver. 
There  is  nothing  in  mere  manipulation  to  alter  value,  unless  some  of  the 
precious  particles  are  dissipated;  but  we  might  be  inclined  to  suspect 
that  this  might  occur  during  fusiou.  It  is  not  impossible,  one  would  think, 
that  silver  might  be  volatilized,  and  thus  the  precious  metal  be  diminished 
in  quantity.  It  is  certain  that  if  any  alloy  be  melted,  its  wi-ight  after 
fusiou  is  considerably  reduced  ;  but  it  is  also  eqally  certain  that,  practi- 
cally, not  a  particle  of  silver  escapes  from  the  furnace. 

This  being  the  only  point  on  which  the  smallest  doubt  could  reasonably 
be  eutertaiued,  I  have  given  it  the  most  attentive  examination.  When 
I  was  in  Calcutta  in  January,  1842,  aud  visited  the  Mint  there,  I  made 
particular  inquiries  as  to  the  volatilization  of  silver.  The  very  idea  of 
such  a  thing  seemed  to  be  considered  absurd,  and  I  was  assured  that  no 
such  thing  as  volalilizatiiui  of  silver  had  ever  been  experienced.  It  was 
not  the  custom  to  swc  p  out  the  chimneys,  because  llie  volatilization  of 
silver  was  out  of  the  question,  but  I  was  told  that  vvhm  that  metal  was 
adulterated  with  mercury  there  was  a  loss,  aud  particles  of  the  mercury 
might  be  evaporated.  This  is  true  also  iu  regard  to  lead,  fumes  of  which 
escape  from  silver  very  frequently.  But  neither  of  these  would  at  all 
change  the  value  of  the  mass  iu  fusion. 

The  same  questiou  has  also  been  practically  tested  at  Madra.s — and 
though  uo  such  thing  as  sweeping  the  chimneys  for  the  purpose  of  reco- 
vering volatilized  silver  had  ever  been  heard  of  previously,  I  determined 
upon  having  it  done,  in  order  to  obtain  decisive  evidence  upon  a  point  of 
so  ranch  irn|)ortance.  The  result  was,  that  in  the  chimney  of  a  furnace 
which  had  been  in  constant  daily  use  for  about  15  years,  and  in  whi<'h 
many  crores  of  rupees  worth  of  bullion  must  have  been  melted,  there  were 
collected  particles  of  silver  which  altogether  weighed  about  70  (/rains. 
This  experiment  taken  in  connection  with  the  experience  of  the  Calcutta 
Mint,  seems  to  my  mind  to  be  quite  conclusive  as  to  the  fact  that  there  is 
uo  real  loss  iu  nrelting,  by  any  dissipation  of  the  precious  metal. 

The  following  is  a  practical  explanation  of  one  of  the  causes  of 
apparent  loss : — 

It  is  notorious,  however,  that  when  silver  is  melted  for  coinage,  the 
weight  after  fusion  is  considerably  less  than  before,  even  after  making  this 
recovery  and  every  allowance.  It  is  admitted  also  that  the  metal  under- 
goes refinement,  and  consequently  that  it  has  become  purer  in  quality  than 
it  was.  All  that  I  wish  to  add  is,  that  its  value  after  fusion  ought  to  be 
precisely  equal  to  what  it  was  originally,  and  that  there  is  uo  necessary 
cause  for  wastage  or  loss  ;  and  this,  because  it  is  simply  copper,  and 
nothing  besides  but  copper,  or  base  metal,  which  is  injured  by  the  heat,  so  as 
to  be  separated  from  the  alloy  and  lost  in  the  refuse,  whence  it  is  not  worth 
while  to  recover  it.  It  is  owing  to  the  absence  of  any  means  of  recognis- 
ing the  miuule  changes  of  fineness  in  the  silver  alloy,  and  the  consequent 
adoption  of  a  system  of  account  independent  of  them,  that  it  has  been  im- 
practicable to  exhibit  this  truth,  or  to  lake  advantage  of  it,  in  the  manner 
indispensable  to  avoid  waste  ;  and  the  alteution  being  therefore  exclusively 
paid  to  ihat  change  in  the  metal  which  alone  is  palpable,  viz.,  in  its  weight, 
IS  one  of  the  great  causes  of  the  real  loss  which  1  inquired  into.  I  propose 
hereafter  to  detail  the  means  by  which  this  evil  has  been  rectified  ;  iu  the 
mean  time  1  must  invite  attention  to  another. 

When  ilie  Mint  receives  bullion,  it  is  supposed  to  receive  nothing  but 
solid  metal,  which  is  charged  to  it  according  to  its  weiglit  aud  actual  fine- 
eess,  but  I  found  that  tlicse  supposed  conditions  did  not  always  exist,  and 
that  the  bullion  was  not  always  made  over  to  the  Miut  iu  tlic  solid  stale. 
In  some  cases  coins  were  received,  which  were  always  mure  or  less  dirty, 
aud  tliesi-  were  calculated  in  the  accounts  by  multiplying  the  gross  weight 
of  din  and  silver  by  the  average  fineness  of  a  sample  melted  for  assay. 
'Jlie  consequence  manifestly  was  an  unavoidaiile  loss,  corresponding 
with  the  amount  of  dirt  which  had  been  reckoned  as  silver,  and  the 
riniedy  was  plain,  viz.,  taking  care  to  melt  the  coius  always  in  future.  In 
this  way  one  of  the  principal  causes  of  the  previous  loss  was  got  rid  of. 

Another  case  was  more  serious  to  the  parties. 

We  may  also  cite  a  case  which  occurred  in  Bombay,  where  there  was 
a  deficiency  between  the  produce  and  valuation  of  a  pariicular  parcel  of 
bullion  received  into  the  Mint,  to  the  amount  of  about  l,iOO  rupees,     A 


committee  being  appointed  to  inquire  into  the  deficiency,  stated,  that  the 
discrepancy  was  apparent,  but  as  it  would  never  do  to  doubt  the  assays, 
they  must  conclude  the  fr.iud  had  been  practised  by  the  melters.  The 
head  melter  was  accordingly  ordered  to  pay  the  money,  and  did  so  ;  but 
it  was  afterwards  plainly  shown  that  the  valuation  had  been  mude  without 
proper  precautious  agaiu&t  mistake,  and  that  iu  so  far  as  the  evidence 
went,  there  was  not  the  least  reason  to  believe  that  the  quantity  of  bulliOD 
for  which  the  melter  had  been  held  accountable  had  ever  beeu  received  by 
him. 

In  annealinp,  an  apparent  increase  of  weight  takes  place,  which 
is  thus  explained. — 

The  process  of  annealing  is  for  the  purpose  of  softening  the  blanks, 
and  making  tlieui  mure  fit  to  receive  the  impression  of  the  die.  It  also 
assists  the  operation  of  the  acid  iu  cleaning.  Tlie  blanks  are  placed 
iu  a  reverberatory  furnace  and  brought  to  a  red  heat,  after  which 
they  are  cooled,  either  by  inuuersion  in  water,  or  by  exposure  to  the  air. 
Tlie  effect  of  tills  process  is  a  slight  increase  of  weiglit,  owing  to  the  com- 
bination of  oxygen  with  the  alloy  in  the  metal  ;  and  as  it  is  entirely  super- 
ficial, it  varies  iu  its  proportion  according  to  the  form  and  superficial  area 
of  llie  pieces  exposed  to  its  action.  \\'e  have  uoi  made  any  experiments 
with  minute  atciiracy  on  this  point,  as  the  pieces  after  leaving  the  lami- 
nating and  adjusting  department  are  counted  on  transfer,  and  thus  passed 
from  baud  to  hand  by  tale,  so  lliat  trifiiug  variations  in  the  gross  weight 
cease  to  be  of  any  importance;  but  from  the  experiments  which  we  have 
made,  the  dilTereiice  of  weight  in  rupees  has  beeu  shown  to  be  about 
3  annas  7^  pie  per  iiiille,  or  4^  pie  per  cent.  As  this  increase  of  weight  is 
occasioned  merely  by  the  addiiion  of  a  foreign  substance  (oxygen)  lo  the 
metal,  it  cannot  of  course,  by  any  possibility,  be  the  cause  of  any  loss  of 
value. 

In  blanching,  a  slight  difference  in  the  apparent  weight  takes 
place,  because  in  some  mints  grease  and  oil  are  used  in  laminates, 
wiiich  adlieres  to  the  metal  and  is  removed  by  the  acid. 

Diifereiice  of  weight  may  take  place,  but  difference  of  value 
cannot ;  and  it  is  by  adopting  this  latter  test  tiiat  a  proper  system 
of  accounts  can  alone  Ue  adojited.  We  may  remark,  in  conclu- 
sion, that  the  author  has  laboured  very  hard  and  conscientiously 
in  establishing  the  correctness  of  his  views ;  and,  whicli  excites 
the  more  admiration,  as  liaving  been  done  under  the  liot  sun  of 
Hindostan  and  in  a  state  of  ill-health. 


THE  PLATE-GLASS  TRADE. 

The  statistics  of  the  manufacture  of  pUte-glass  iu  Kngland,  just  published 
in  a  tabular  form,  with  a  few  remaiks  appended,  on  a  folio  sheet,  by  Mr. 
Henry  Howard,  of  I'laistow,  in  Essex,  are  very  instructive. 

In  1819  the  excise  duty  on  plate-glass  was  98s.  per  cvvt. ;  none  was  made 
in  England  larger  than  120  inches  by  72,  the  quality  was  iuditferent ;  the 
price  when  12  inches  square  was  13s.  \d.  per  foot,  when  120  inches  by  72, 
it  was  160s.  per  foot. 

In  1827  the  excise  duty  was  60s.  per  cwt. ;  plate-glass  144  inches  by  75, 
was  manufactured;  the  quality  was  considerably  improved;  the  price  of 
plate-glass,  when  12  inches  square,  was  6s.  8rf.  per  foot,  when  114  inches  by 
75,  it  was  50s.  per  foot. 

In  1847  there  was  no  excise  duty  on  plate-glass;  plates  144  inches  by  76 
were  manufactured  ;  the  quality  was  very  much  improved  :  the  price  of 
plates  12  inches  square  was  3s.  id.  per  foot ;  plates  144  inches  by  76,  cost 
3as.  6d.  per  foot. 

In  1819,  when  the  •excise  duty  was  98s.  per  ewt.,  the  quality  of  the  glass 
was  indifferent,  the  average  price  per  foot  20s.  to  25s ,  the  quantity  sold  per 
week  about  3,000  feet,  and  the  supply  apparently  equal  to  the  demand. 

In  1827,  when  the  duty  was  60s.  per  cwt.,  the  quality  was  improved,  the 
average  price  i>er  foot  10s.  to  12s.,  the  quantity  sold  per  week  about  5,000 
feet,  and  the  supply  inadequate  to  the  demand. 

In  1847,  when  the  excise  duty  had  been  taken  off,  the  quality  was  very 
much  improved,  tlic  average  price  per  foot  4s.  lo  5s.,  the  quantity  sold  per 
week  about  70,000  feet,  and  the  supply  very  inadequate  to  the  demand. 

In  1836,  when  the  excise  duty  was  60s.  jier  cwt.,  the  estimated  number 
of  hands  directly  and  indirectly  employea  in  the  manufacture,  was  about 
2,500,  the  ca|iital  invested  in  it  about  250,000/. 

In  1847,  when  the  duty  hud  beeu  taken  off,  the  number  of  hands  was 
about  12,000,  the  capital  aliout  1,000,000/. 

No  comment  is  required  on  the  tendency  of  these  facts  to  show  how  much 
the  manufacture  was  benefitted  by  the  reduction  of  excise  duties;  how  much 
more  it  has  been  benefitted  by  entire  emaucipation  from  the  trammels  of  the 
excise. 

Since  1845  foreign  plate-glass  had  been  allowed  to  be  imported  free  of 
duty.  In  July  1847,  Lord  George  Bentinck  undertook  to  prove  (in  Par- 
liament) that  the  removal  of  the  glass  duties  had  been  a  failure.  He 
stated  that  the  declared  value  of  glass  exported  in  the  first  five  months  of 
1845  was  215,630/.;  in  the  first  five  months  of  1840,  only  131,739/.     But 
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his  lordship  omitted  to  state  an  important  explanatory  fact  pointed  out  hy 
Mr.  Howard  :  — "  It  was  in  the  first  five  months  of  1845  that  the  duty  was 
remitted,  and  during  that  particular  period  the  makers  and  dealers  exported 
enormous  quantities  of  every  description,  not  on  account  of  increased  de- 
mand from  abroad,  but  for  the  express  purpose  of  obtaining  the  large  draw, 
backs  (amounting  to  bounties)  which  were  then,  for  the  last  time,  allowed 
by  the  excise." 

The  fact  is,  that  an  ofticiai  return,  dated  May  5,  1S48.  printed  by  order  of 
the  House  of  Commons,  shows  the  total  amount  of  foreign  plate-glass, 
entered  for  consumption  in  England,  to  have  been  99,841  feet.  This  is  at 
the  rate  of  1,920  feet  per  week.  The  number  of  feet  of  English  make  sold 
per  week  during  that  time  being  70,000,  while  in  1845  it  was  only  23,000. 
The  importation,  instead  of  causing  a  displacement  of  English  labour,  has, 
by  stimulating  competition,  improved  quality  and  lowered  prife,  and  by 
thus  increasing  consumption,  caused  mure  English  labour  to  be  employed. 

The  state  of  the  exports,  as  shown  by  the  return  already  referred  to,  is 
equally  satisfactory.  The  exports  of  English  glass  in  1847  exceeded  those  of 
1846,  in  flint-glass,  hy  20  per  cent.;  in  common  window-glass,  by  42 ;  in 
bi>ttles,  by  5  ;  in  looking-glasses,  by  49  ;  and  in  plate-glass,  by  110  per  cent. 
Well  may  Mr.  Howard  remark,  "Looking  at  the  unexampled  commercial 
difficulties  of  1S47,  this  increase  is  almost  incredible." 

Two  facts  relative  to  the  trade  in  plate-glass,  stated  by  Mr.  Howard,  have 
a  bearing  upon  these  general  results  too  important  to  he  omitted.  Of  two 
agencies  established  here,  exclusively  for  the  sale  of  foreign  plate-glass,  one 
has  been  compelled  to  relinquish  the  sale  of  it,  simply  from  inability  to 
withstand  liritish  competition.  There  was  no  English  plate-glass  exported 
to  the  United  States  in  1846  ;  while,  in  1847,  it  equalled  in  amount  the  ex- 
ports to  all  the  world  in  1846. 

How,  then,  are  we  to  account  for  complaints  made  both  in  and  out  of 
Parliament  that  British  interests  have  suft'ered  from  the  remission  of  the 
glass  duties  ?  Mr.  Howard  throws  some  light  on  this  question  : — "  In  1845, 
when  the  excise  duty  was  remitted,  the  English  makers  reduced  the  price  of 
small  plates  (which  foreigners  could  not  afford  to  send  here  at  all)  to  a  fair 
and  equitable  scale,  but  the  large  plates  (which,  paradoxical  as  it  may  appear, 
cost  less  per  foot  than  the  small  ones)  were  kept  up  at  the  unreasonable 
rates  quoted  above.  Our  neighbours,  the  French  and  Belgians,  attracted  and 
encourai;ed  bv  the  simplicity  which  thus  invited  them  here,  under  cover  of 
our  excessive  prices,  accordingly  brought  over  and  sold  their  larger  fabrics  at 
enormous  profits,  whilst  our  manufacturers,  realising  still  greater  advantages, 
and  supported  hy  au  immense  demand,  refused  to  modify  this  extraordinary 
tariff,  although  its  manifest  injustice  to  the  public,  and  direct  tendency  to 
injure  the  very  interest  it  was  intended  to  promote,  have  been  almost  uni- 
versally condemned  as  the  climax  of  absurdity." 

Labour  forms  directly  and  indirectly  nearly  80  per  cent,  of  the  cost  of  plate- 
glass.  The  raw  material  is  nearly  all  English  produce.  In  short,  it  is  a 
natural  manufacture.  As  such  it  was  depressed  by  heavy  excise  duties,  and 
not  relieved  by  protection  from  foreign  competition.  Since  it  has  been 
emancipated  both  from  the  oppressive  and  the  protective  influences  of  fiscal 
regulations,  it  has  daily  grown  in  strength  and  prosperity,  in  defiance  of 
competition.  It  is  only  under  such  a  system  that  branches  of  industry,  na- 
tural to  a  country,  can  flourish,  and  such  branches  of  industry  only  are 
really  advantageous  to  a  nation. 


THE  GREAT  VIADUCT  ACROSS  THE  DEE,  IN  THE 
VALE  OF  LLANGOLLEN. 

"While  the  speed  to  be  attained  hy  mechanical  ingenuity  is  being  intensely 
considered,  the  architecture  of  our  railways  is  not  forgotten,  and  we  feel 
pleased  to  have  it  in  our  power  to  notice  one  of  the  most  daring  and  stupen- 
dous efforts  of  skill  and  art  to  which  the  railway  has  given  rise.  We  refer  to  the 
great  viaduct  now  in  course  of  completion  across  the  valley  of  the  Dee,  in  the 
Vale  of  Llangollen — the  dimensions  of  which  surpass  any  thing  of  the  kind 
in  the  world.  While  the  tubular  bridges  across  the  Menai  Straits  and  Con- 
way River  are,  from  their  novelty,  attracting  much  attention,  the  undertaking 
referred  to  has  proceeded  nearly  to  completion,  without  any  considerable 
notice  being  taken  of  it.  Its  vastness  of  proportions  may  be  better  con- 
ceived, when  it  is  stated  that,  in  magnitude  it  far  exceeds  what  is  considered 
the  greatest  effort  of  human  skill  in  connection  with  railway  communication 
— the  Stockport  viaduct.  The  Dee  viaduct  (for  this  is  the  term  given 
to  the  one  at  Llangollen)  is  upwards  of  150  feet  above  the  level  of  the 
river — being  30  feet  higher  than  the  Stockport  viaduct,  and  34  feet  higher 
than  Menai  Bridge.  It  is  supported  by  19  arches  of  90  feet  span,  and  its 
length  is  upwards  of  1530  feet,  or  nearly  one-third  of  a  mile.  The  outline 
of  the  structure  is,  perhaps,  one  of  the  handsomest  that  could  have  been 
conceived,  both  as  regards  its  chaste  style  and  attractive  finish  ;  and  its 
general  appearance  is  considerably  enhanced  hy  the  roundness  of  the  arches, 
which  are  enriched  by  massive  quoins,  and  the  curvilinear  batter  of  the  piers  : 
this  style  of  architecture  imparts  a  grace  and  beauty  to  the  structure  without 
impairing  its  strength.  The  greatest  attention  seems  to  have  been  paid  to 
the  abutments — the  only  part  of  the  erection,  in  reality,  where  any  decora- 
tive display  coald  be  made.    In  the  middle  of  both,  on  each  side,  there  are 


beautifully  executed  niches  in  the  Corinthian  order,  in  addition  to  some 
highly-finished  masonry.  The  piers  are  neatly  wrousht  at  the  angles,  and 
at  the  base  of  nearly  each  there  is  a  bedding  of  upwards  of  400  square  feet 
of  masonry.  With  the  exception  of  the  entradoes  of  the  arches,  which  are 
composed  of  a  blue  sort  of  brick,  the  whole  structure  is  built  of  beautiful 
stone — if  not  as  durable,  equal  in  richness  and  brilliance  to  Darlydale.  The 
viaduct  has  an  inclination  from  end  to  end  of  40  feet,  and  connects  that  part 
of  the  Shrewsbury  and  Chester  Railway  between  Rbos-y-Medre  and  Chirk. 
Viewed  from  beneath,  the  vast  structure  presents  a  noble  and  truly  grand 
appearance,  and  its  bold  proportions,  with  its  height,  cannot  fail  to  call  forth 
admiration  from  the  most  inditferent  beholder.  While  the  view  below 
developes  what  art  can  accomplish,  that  from  the  summit  surpasses  in  rich- 
ness and  luxuriance  of  the  picturesque  any  landscape  in  the  kingdom. 
Situated  in  the  middle  of  the  far-famed  Vale  of  Llangollen,  there  is  all  that 
nature  and  art  can  bestow  to  make  the  view  charming  and  beautiful.  On 
one  side  are  hold  and  swelling  hills,  on  the  other  a  plain  teeming  with 
luxuriance  far  and  wide.  Within  view  are  Castell  Dinas  Bran,  or,  as  it  is 
commonly  called,  "  Crow  Castle,"  which  is  situate  on  the  ciuwn  of  a  conical 
hill — the  glaciated  rocks,  Wynnstay,  and  Pont-y-Cyssyllte,  or  the  Dee  Aque- 
duct. This  last  structure,  which  conveys  the  Ellesmere  Canal,  is  within  a 
short  distance  from  the  viaduct,  and,  from  its  beauty  and  extent,  imparts 
additional  interest  to  the  locality. 

The  viaduct  has  been  erected  hy  Messrs.  Makin,  Mackenzie,  and  Brassy, 
contractois,  at  a  cost  of  upwards  of  100,000/.,  being  upwards  of  30,000/. 
more  than  the  Stockport  viaduct.  The  cost  of  the  timber  required  to  form 
the  scaffolding,  &c.,  for  its  erection  was  15,000/.,  and  between  300  or  400 
masons  alone  were  employed  during  the  whole  time  of  construction.  Within 
a  few  miles  distance  there  is  another  viaduct  in  course  of  building  across  the 
valley  of  Ceiriog.  This  structure  will  be  upwards  of  120  feet  high,  and  will 
have  10  arches,  of  45  feet  span,  and  one  of  120  feet.  The  entire  length 
will  be  at  least  850  feet,  and  will  cost,  when  completed,  a  large  sum  of 
money. 


NOTES  OF  THE  MONTH. 

The  Copying  Electric  Teleijraph. — We  mentioned  in  a  former  number 
(p.  191  ante)  that  an  electric  telegraph  bad  been  invented  by  Mr.  Bakewell, 
by  means  of  which  a  written  communication  could  be  copied  at  a  distant 
town,  so  as  to  enable  correspondents  to  recognise  the  handwriting  of  each 
other.  This  telegraph  has,  during  the  past  mouth,  had  several  trials  be- 
tween London  and  Slough,  that  line  of  wire  being  the  only  one  that  can  be 
spared  by  the  Electric  Telegraph  Company  for  experiments.  The  results  of 
these  trials  have  proved  that  the  power  transmitted  along  the  wires  is  quite 
sufficient  for  the  copying  process,  as  only  the  same  batteries  were  employed 
as  are  necessary  to  work  tlie  needle  telegraph.  We  have  seen  several  speci- 
mens of  the  writing  copied  along  40  miles  of  wire,  which  prove  that  wnen 
the  instruments  are  accurately  constructed,  copies  of  any  writing  may  be 
taken  by  means  of  this  telegraph.  With  the  model  instruments  and  a  single 
wire,  the  copying  was,  we  understand,  done  twice  as  quickly  as  communica- 
tions can  be  made  by  the  needle  with  a  single  wire,  and  Mr.  Bakewell  ex- 
pects to  be  able  to  increase  the  speed  ten-fold  with  larger  instruments. 
Independently  of  the  gain  of  speed  by  this  means,  there  would  be  greater 
confidence  given  to  telegraphic  communications,  if  the  intelligence  received 
were  written  in  the  handwriting  of  correspondents,  since  hy  the  present 
mode  of  communicating  there  is  no  proof  that  the  information  received  is 
authentic ;  and  as  the  messages  transmitted  by  the  copying  process  are 
traced  from  the  original  writing,  there  can  be  no  errors  committed  by  the 
misunderstanding  of  signals. 

The  New  Brazilian  War-Steamer  "  Affonso" — The  first  pair  of  marine 
steam-engines  built  in  Uolton,  were  constructed  by  Messrs,  Benjiniin 
Hick  aud  Son,  for  the  Affonso,  Brazilian  war-steamer,  which  has  obtained 
such  honourable  notoriety  by  the  services  it  rendered  to  the  passengers  and 
crew  of  the  Ocean  Muimrck.  These  engines  are  made  on  the  direct-acting 
principle,  are  300-horse  power,  and  several  improvements  have  been  intro- 
duced in  their  construction.  The  framing  for  supporting  the  paddles  and 
intermediate  shafts  is  made  of  forge  or  vvrought-iron,  and  some  idea  may 
be  formed  of  the  value  of  this  improvement,  by  comparing  it  with  the  ordi- 
nary cast-iron  framing  generally  adopted.  One  of  these  pedestal  blocks, 
of  which  there  are  four,  when  shaped  and  finished,  weighed  28  cwt. ;  but 
if  made  of  cast-iron,  and  equally  strong,  the  weight  would  have  been 
80  cwt.,  aud  even  theu  the  liability  to  fracture  would  be  moio  than  trebly 
hazardous.  There  is,  also,  in  the  construction  of  these  engines,  a  simple 
aud  improved  arrangement  of  the  eccentric  and  reversing  motion,  which 
enables  the  valves  to  be  reversed  for  going  ahead  or  astern  with  the 
greatest  ease,  and  by  which  the  labour  of  three  men  to  each  engine  is 
saved  when  reversing.  The  mode  of  introducing  the  injection  water  is 
also  new,  simple,  and  effective.  The  Affonso  was  built  for  navigating  the 
shallow  rivers  of  the  Brazils,  and  she  is  well  armed  for  the  protection  of 
their  trade,  having  a  64-pounder  fore  and  aft,  which  swivel  on  carriages, 
and  also  four  34-pounders  in  her  side  ports.  The  vessel  and  engines  were 
built  under  the  orders  and  inspection  of  Admiral  Grenfell,  the  Brazilian 
consul  at  Liverpool,  and  though  from  her  construction  she  was  not  ex- 
pected to  sail  more  than  9  knots  per  hour,  she  accomplished  ll^  on  her 
trial  trip. — Liverpool  Mercury 
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The  liritnnnia  and  Conway  liriilses. — The  report  of  Mr.  Stephenson, 
presented  to  the  niet'tinR  of  the  Chester  and  Holyhead  Itailway,  on  the 
21th  ult.,  slated  tlial  the  coostructiun  of  the  second  tube  of  the  Couway- 
bridge  is  far  advanced,  and  there  is  no  doubt  it  will  be  ready  for  removal 
by  the  middle  of  October.  The  pontoons  have  been  strengthened,  the  cap- 
stans re-erected,  and  every  other  arrangement  in  a  forward  state  for  its 
erection.  About  three-fourths  of  the  masonry  of  the  Britannia-bridge  have 
been  coniplf-ted  ;  and,  taking  the  progress  now  making  as  a  guide,  it  is  cal- 
culated that  the  first  tube  will  be  ready  for  lifting  to  its  place  in  the  course 
of  next  March  or  April.  The  iron-work  at  the  Britaunia-brid;;e  has  pro- 
gressed even  more  rapidly  than  was  expected,  and  the  four  large  tubes  are 
just  approaching  completion.  The  whole  of  the  central  portion  of  the  tubes 
is  finished,  and  the  castings  at  the  ends  are  now  being  inserted.  The 
scafl'olding  for  the  end  tubes  on  the  Anglesea  side  is  complete,  and  a  large 
proportion  of  the  iron  is  already  punched  for  their  immediate  commence- 
inent.  The  scaffolding  necessary  for  the  tubes  on  the  Carnarvon  side  will 
be  erected  immediately,  to  open  the  line  throughout  as  rapidly  as  possible, 
livery  arrangement  is  being  made  for  floating  the  tubes  as  soon  as  the 
masonry  is  ready.  The  works  throughout  the  whole  of  the  line  are  stand- 
ing in  the  most  satisfactory  manner.  The  daily  passage  of  heavy  trains 
through  the  Conway  lube  for  four  months,  together  with  a  series  of  care- 
ful observalions  as  to  the  efl'ects  produced,  have  completely  established  the 
correctness  of  the  views  upon  which  the  designs  for  this  and  the  Britannia 
were  based.  The  cost  of  these  structures  has  very  much  exceeded  what 
was  originally  calculated  upon  ;  on  re-considering,  however,  the  whole 
subject,  Mr.  Stephenson  is  satisfied  that  the  method  which  has  been 
adopted  is  certainly  the  most  eligible,  if  not  the  only  practicable  one. 

Mode  of  Extinyuishing  Fires  at  Sea. — The  following  letter  has  Ijeen  ad- 
dressed by  Dr.  Reid  to  a  daily  morning  paper  : — "  As  the  danger  from  fire 
at  sea  is  attended  with  so  many  appalling  circumstances  (of  which  we  have 
had  a  recent  instance  in  the  melancholy  catastrophe  of  the  Ocean  Monarch), 
I  beg  to  submit  for  the  public  consideration,  and  especially  underwriters,  the 
following  plan,  as  a  clieap,  simple,  and  eflicient  method  of  preventing  the 
occurrence  of  such  accidents.  Flame  or  combustion  cannot  go  on  where 
there  is  carbonic  acid  gas.  This  is  one  of  the  elementary  principles  of  ehe- 
mistry.  It  may  he  shown  in  various  ways.  A  lighted  taper  plunged  into  a 
jar  of  carbonic  acid  gas  is  instantaneously  extinguished  ;  or,  if  we  take  the 
glass  of  a  common  argand  burner,  and  close  the  upper  end  of  it  by  a  flat 
plate  of  glass,  or  even  by  a  piece  of  card  or  pasteboard,  firmly,  so  com- 
pletely as  to  prevent  any  current  of  air  through  the  tube,  on  introducing  for 
about  an  inch  or  so  the  flame  of  a  candle  at  the  other  extremity  (the  glass 
of  the  argand  burner  being  held  upright)  it  will,  usually  in  the  space  of  little 
more  than  a  minute,  he  extinguished,  merely  by  the  accumulation  of  the 
carbonic  acid  gas  produced  by  its  own  combustion.  The  production  of 
carbonic  acid  gas  is  completely  at  our  command,  for  on  adding  dilute  sul- 
phuric acid  to  chalk,  we  can  set  at  liberty,  in  the  space  of  two  or  three 
minutes,  enormous  volumes  of  this  so-called  fixeil  air.  The  cost  of  material 
for  a  ship  of  1,000  tons  would  not  exceed  15/.  or  201.  sterling  By  means 
of  tubes  proceeding  from  the  upper  deck  in  connection  with  a  cistern 
containing  the  dilute  sulphuric  acid,  to  the  quarters  below  where  there  is 
most  likelihood  of  danger  from  fire,  or  moveable  hose  (made  of  gutta 
percha),  which  can  be  introduced  into  arjy  part  of  the  vessel — the  oil  of 
vitriol,  previously  diluted  with  water,  can  be  at  once  poured  over  the  chalk 
(which  is  to  be  thrown  down  in  the  place  where  the  fire  rages),  and  imme- 
diately, the  carbonic  acid  being  set  at  liberty,  the  fire  is  extinguished  ;  for 
combustion  cannot  go  on  in  an  atmosphere  of  carbonic  acid  gas.  I  have 
been  much  occupied  experimenting  on  this  subject,  and  find  that  from  five 
tons  of  chalk,  as  much  carbonic  acid  gas  may  be  obtained  as  will  be  sufli- 
cient  to  completely  fill  a  vessel  of  1,000  tons  burden.  The  expense  of  laying 
the  tubes  will  not  exceed  30/.  or  41)/. ;  and,  once  laid,  there  is  no  further 
trouble  or  expense.  I  may  observe  also  (but  experiments  are  at  variance  on 
this  subject)  that  it  is  not  requisite  to  have  an  atmosphere  absolutely  consist- 
ing of  carbonic  acid  gas  to  extinguish  flame,  for  some  experiments  show 
that  a  taper  does  not  burn  in  an  atmosphere  of  three  parts  atmospheric  air 
and  one  part  carbonic  acid  gas.  Lightning-conductors  are  provided  for  ships 
— surgeons  also  to  take  care  of  the  health  of  the  crew — assuredly  no  ex- 
pense (and  it  is  but  a  trifle)  would  be  grudged  to  secure  a  ship  and  its  pas- 
sengers from  the  contingency  of  such  a  melancholy  mishap  as  that  of  fire. 
If  this  method  will  do — and  there  seems  to  he  everything  in  its  favour — all 
our  emigrant  ships,  indeed  every  ship,  ought  to  be  secured  against  a  calamity 
which  really  must  be  held  as  the  most  dreadful  that  can  occur  to  a  vessel  at 
sea." 

iSouth- Eastern  Ruilway. — The  works  at  London  Bridge  for  enlarging 
the  station  and  widening  the  Greenwich  Hallway  viaduct,  suspended 
during  the  monetary  panic  of  1847,  have  biien  resumed.  The  bridge  to 
cross  Bermoudsey-slreet  is  rapidly  progressing.  'I'he  Craveseud  branch  is 
also  in  a  very  forward  state.  It  is  expected  lo  be  opened  for  public  traflic 
eirly  in  the  spring. 

Railway  Siyunts. — Another  of  the  many  contrivances  suggested  for  en- 
abling passengers  in  railway  trains  to  communicate  with  the  engine-driver 
or  guard,  has  been  recently  patented,  though  it  differs  little  from  several 
others  of  the  same  kind.  The  patentee  is  Mr.  Richard  Baird,  of  Dundee, 
and  be  claims  the  application  of  tubes  to  railway  carriages,  and  the  com- 
bination of  cords,  wires,  or  chains  with  the  tubes,  in  such  manner  that 
either  the  passengers  or  guard  may  sound  the  stcam-whistle.  It  is  proposed 
to  connect  the  cords  passing  tbrou(;h  the  tubes  under  each  carriage  by 
spring  hooks. 


Great  Western  Docks.  Plijmnulli. — These  d^icks  are  being  proceeded 
with  rapidly,  and,  when  completed  according  lo  the  design,  will  furnish 
accommodation  superior  to  that  aliorded  by  any  docks  of  similar  extent. 
The  inner  basin,  or  floating  dock,  will  be  capable  of  cuolaining  and  aO'urd- 
ing  ample  wharfage  for  12  steamers  of  the  largest  size,  a  number,  we 
believe,  equal  to  that  accommodated  by  the  great  basin  at  I'ortsmoutb, 
recently  opened.  There  will  be  two  entrances  to  this  basin  ;  one  will 
adniii  merchantmen  of  the  largest  size,  and  steainbuals  of  ojdiiiary  dimen- 
sions, for  two  or  three  hours  before  and  after  high  waier — through  the  other 
the  largest  screw- steamer  can  pass  at  high  water.  The  area  of  the  outer 
basin  will  be  nearly  30  acres.  If  this  basin  should  be  deepened  to  the  ex- 
tent proposed,  vessels  can  enter  and  be  afli'at  in  it  at  all  times  of  the  tide 
without  Ihe  delay  of  pasing  through  a  lock.  This  is  an  advantage  not 
possessed  by  Liverpool,  and  many  oilier  ports.  The  entire  extent  of  wharf- 
age will  exceed  a  mile,  and  the  area  of  ground  for  stores  is  adequate  to 
the  greatest  possible  trade. — Devonporl   Chronicle, 

Birkcniieud  Docks  — It  appears  by  the  Lirerpool  Times,  that  the  most 
active  preparations  are  going  on  in  the  engineer's  department  of  these 
works,  in  the  preparation  of  working  drawings,  &c.,  for  the  recommence- 
ment of  the  construction  of  the  docks  forthwith.  Arrangements,  it  is  said, 
have  been  made  for  raising  the  requisite  capital,  and  no  doubt  remains  as  to 
the  successful  accomplishment  of  theobject  of  the  new  trust.  An  important 
trade  is  opening  up  in  the  exportation  of  coal  from  the  Welsh  mines, 
which  can  be  brought,  it  is  said,  to  Birkenhead  docks,  and  put  on  board 
vessels  at  very  considerably  less  cost,  and  with  far  greater  facility,  than 
from  the  Lancashire  coal-field. 

The  Grimsby  Docks, — These  are  mighty  works,  and  are  proceeding 
with  most  satisfactory  rapidity,  alike  creditable  to  all  concerned.  The 
chief  engineer,  Mr.  Uendell,  is  expected  shortly ;  but  the  engineer,  Mr. 
Adam  Smith,  who  is  very  properly  called  the  resident  engineer,  is  always 
on  the  works.  Tliere  is  a  defect,  or  rather  a  sinking,  in  one  portion  of  Ihe 
piles  from  the  "  blow  sands'' — a  uame  upon  which  tradition  has  exhausted 
its  ingenuity,  and  has  summed  up  all  by  ascribing  to  demoniac  agency  the 
"  fathomless  pit."  Shakspeare  was  right  in  putting  into  U<imlet's  solilo- 
quising thoughts,  "  Oh,  what  a  mighty  piece  of  work  is  man  !"  and  had 
he  lived  to  see  the  mighty  pieces  of  work  which  man  achieves,  some  other 
as  appropriate  exclamation  would  by  him  have  been  furnished.  One 
hundred  and  fifty  acres  taken  from  the  sea,  and  defences  raised  to  prevent 
the  mighty  ocean  claiming  back  'its  own,"  and  such  defences  as  will 
resist  its  foaming  rage,  let  its  battering  waves  lash  it  as  they  may — bor- 
rowing from  some  of  its  sister  land  chalk  as  the  means  of  defence,  of 
which  no  less  a  quantity  than  10,01)0  tons  are  every  week  ctmveyed  on  a 
road  of  iron.  By  October,  it  is  expected  all  will  be  ready  to  receive  bis 
Royal  Highness  Prince  Albert,  to  lay  llie  first  stone  of  the  intended  Royal 
Albert  Grimsby  Docks  ;  and,  withiu  tliiee  years,  a  dock  of  37  acres  will 
be  ready  to  receive  vessels  laden  witii  foreign  stores.  So  much  progress 
could  not  have  been  made  but  for  the  perseverance  of  Mr.  Adam  Smith, 
and  those  under  his  directions. — Notlivghamshire  .Journal. 

Clifton  Suspension  Bridge. —  Upw-irds  of  i'40,U00  have  already  beea 
expended  upon  this  underlaking,  and  no  more  money  being  furtnconiiag 
the  works  are  now  at  a  stand-still. 

Improvements  in  Bridge  Building. —  \  fine  wooden  bridge  has  recently 
been  erected  by  the  Cambuslang-road  trustees,  across  the  river  near 
Dalmarnock,  lo  supply  the  place  of  the  old  one,  which  is  now  30  years 
old,  and  very  much  decayed.  The  new  bridge  was  commenced  only  live 
mouths  ago,  and  was  built  from  a  design  by  Mr.  Robson,  C.E.  The  whole 
length  of  the  briilge  is  355  feet,  and  the  width  withiu  the  side-rails  is 
28  feet.  There  is  a  footpath  on  each  side,  covered  with  asplialte  pave- 
ment, and  the  road-way  is  composed  of  a.  mixture  of  asplialte  aud  whm- 
stone  metal,  broken,  7  inches  deep,  and  laid  on  the  lop  of  the  planking, 
which  had  been  previously  well  caulked  with  oakiini,  and  coaled  with 
pitch  and  sand,  for  the  purpose  of  making  it  water-tight. 

Circular  Sawing. — An  experiment  has  been  lately  made  at  the  S.iw-mills, 
Woolwich-dockyard,  with  the  view  of  testing  the  efljciency  of  circular  saws 
in  cutting  through  the  centre  of  rough  timber  of  a  diameter  nearly  equal  to 
that  of  the  saw  itself.  An  elm  tree — one  end  of  which  was  of  the  full 
diameter  of  the  saw— was  placed  upon  one  of  the  circular  sawing  machines, 
having  a  saw  4  feet  diameter,  and  a  self-feeding  motion,  in  the  usual  way. 
By  this  motion  the  tree  n  as  brought  towards  the  saw,  and  passed  over  it ; 
and  by  a  reverse  motion,  it  was  turned  back.  The  cut  made  in  the  tree, 
passing  over  the  saw,  was  in  dead  wood  all  the  way,  and  fully  20  inches 
deep.  After  the  tree  was  run  back,  it  was  turned  over,  and  adjusted  for  a 
second  cut,  to  line  with  the  first ;  and  in  this  position  it  was  brought  for- 
ward,  as  before,  and  completely  divided  in  two. 

Method  of  Welding  Iron,  Steel,  and  Sheet-Iron. — la  an  earthern  vessel 
melt  borax,  and  add  to  it  one-tenth  of  sal-ammoniac.  When  these  ingre- 
dients are  properly  fused  and  mixed,  pour  them  out  upon  an  iron  plate,  and 
let  them  cool.  There  is  thus  obtained  a  glassy  matter,  to  wliich  is  to  fje 
added  an  equal  quantity  of  quicklime.  The  iron  and  steel  which  are  to  be 
soldered,  are  first  heated  to  redness,  then  this  compound,  first  reduced  to 
powder,  is  laid  upon  them  ;  the  composition  melts  and  runs  like  sealing- 
wax.  The  pieces  are  then  replaced  in  the  fire,  taking  care  to  heat  them  at 
a  temperature  far  below  that  usually  employed  in  welding  ;  they  are  then 
withdrawn  and  hammered,  and  the  surfaces  will  he  found  to  be  tlius  per. 
fectly  united.  The  author  asserts  that  this  process,  which  may  be  applied  to 
v\elding  sheet-iron  tubes,  never  fails. — Mechanics'  Magazine. 
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The  South- Furelniid  Lighthouses. — These  edifices  are  now  completed, 
and  their  appearance  rcllccts  credit  on  all  parties  concerDed  in  their  erec- 
tion. There  are  iwo — the  one  called  the  Upper,  and  the  other  the  Lower 
South.Forelaiid  Li<;hlhouse.  'I  he  headland  on  which  they  stand  is  the 
nearest  point  in  England  to  the  coast  of  France,  the  distance  being  barely 
21  miles  across  the  Channel.  The  upper  lighlhouse  consists  of  a  massive 
lower  (externally  uclagou,  internally  circular),  the  lanthorn  of  which  is 
about  375  feet  above  high-water  mark,  leaving  a  perpendicular  height  of 
the  clift'  on  which  it  is  situated  of  about  290  feet.  The  lanthorn  is  con- 
structed on  a  novel  principle.  It  is  furnished  with  264  mirrors,  which  are 
inclosed  on  the  side  opposite  the  sea  by  six  lenses.  These  mirrors,  casting 
a  niultitudinous  reflection  on  each  other,  afford  a  stong  and  brilliant  light, 
being  clearly  visible  on  the  opposite  coast,  throughout  the  Downs,  Rams- 
gate,  and  even  Margate,  and  the  greatest  portion  of  the  Isle  of  Thanet. 
The  lamp,  which  is  in  the  centre  of  the  lanthorn,  consists  of  one  large  socket, 
containing  four  burners  ;  and  it  supplies  itself  with  oil  by  means  of  a  kind 
of  dock-work  machinery,  which,  while  it  pumps  up  the  oil  to  the  wick, 
also  returns  the  surplus  quantity  to  the  reservoir  ;  and  in  case  of  any 
defects,  or  want  of  supply,  by  a  small  hydraulic  balance,  strikes  a  sharp 
tinkling  bell,  as  a  warning  to  the  keeper.  The  machinery  is  very  simple, 
andat  the  same  time  curious.  The  lanthorn  consists  ofa  cupola,  the  roof  and 
sides  of  which  are  composed  of  neatly  wrought-iion  frames,  apparently 
light,  but  sutliciently  strong  to  stand  against  the  tempest.  It  is  enclosed 
by  48  oblong  panes  of  plate-glass,  from  2J  to  4  feet  long.  Around  the 
cupola,  on  the  exterior,  is  a  balcony,  rendered  sate  by  a  castellated  para- 
pel,  from  which,  in  clear  weather,  a  splendid  view  is  obtained.  Passing 
from  the  upper  lighthouse,  about  a  quarter  of  a  mile  easterly,  is  the  lower 
one,  standing  on  the  verge  of  the  clitT.  The  tower  is  not  so  high  as  the 
former,  neither  is  it  lighted  on  the  same  principle.  Within  the  lanthorn 
are  suspended  from  copper  branches  15  Argand  lamps,  each  having  a 
burner  of  rather  large  dimensions  with  a  concave  reflector  of  the  greatest 
brilliancy,  and  about  20  inches  in  diameter.  It  appears  that  it  is  yet  a 
matter  of  doubt  which  system  of  lighting  is  preferable,  but  the  Corpora- 
tion of  Trinity  are  giving  each  a  fair  trial. 

The  "  New  Star,"  Steamboat. — Some  experiments  were  tried  on  this  ves-- 
sel,  on  the  river  Thames,  on  the  27th  ult..  preparatory  to  the  building  of  a 
new  iron  steamer.  The  trials  were  highly  satisfactory,  an  average  speed 
being  attained,  after  several  trials  at  the  mile  distance  at  Northfleet,  of  13 
miles  per  hour  in  dead  water.  The  engines  and  vessel  were  manufactured 
by  Messrs.  Miller  and  Kivenhill.  Tonnage,  265  ;  oscillating  engines  of  68. 
horse  power  ;  diameter  of  cylinders,  34  inches  ;  length  of  stroke,  29  ;  num- 
ber of  revolutions  per  minute,  48. 

Launch  of  a  Steam-vessel  in  the  Thames  for  Service  in  Scotland. — A 
very  haudsome-built  iron  boat  was  launched,  on  Saturday,  the  Itilh  ult., 
from  the  building-yard  of  Miller,  RavenhiU,  and  Co.,  Orchard-wharf, 
Blackwall.  This  is  the  third  vessel  turned  out  by  the  above  tiim  for  the 
Edinburgh  and  Northern  Railway  Company  ;  the  two  former  vessels  being 
known  as  the  Auld  Reekie,  and  Thane  of  Fife.  The  new  craft  is  expressly 
adapted  for  the  passage  across  the  Frith  of  Forth,  and  will  have  a  speed 
superior  to  the  I'ormer  squadron.  She  was  christened  the  E.rpress,  and 
will  be  furnished  with  a  pair  of  oscillating  engines  of  120-horse  power, 
a  pair  of  feathering  wheels,  tubular  boilers,  &c.,  which  are  now  erecting 
on  board.  Her  length  is  150  feet  between  her  perpendiculars  ;  breadth, 
148  feet  at  load  line  ;   depth,  11  feet ;  draught  of  water,  6  feet. 

Alleged  Propulsion  of  a  Vessel  by  Steam  in  the  Year  1543. — RI. 
Gonzales,  director  of  the  Royal  Archives  of  Simaucas  iu  Spain,  published 
in  1826  an  account  of  an  invention  by  Biasco  de  Garay,  a  naval  captain, 
who,  it  is  stated,  exhibited  in  Spain,  iu  1543.  an  engine,  by  which  ships  of 
the  largest  size  cuuld  be  propelled  in  a  calm  without  the  aid  of  oars  or 
sails.  He  made  an  experiment  before  commissioners,  appointed  for  the 
purpose  of  examining  his  invention  at  Barcelona,  on  the  I7lh  of  June, 
J  543 — the  vessel  used  being  a  ship  of  200  tons.  Garay,  we  are  informed, 
wished  to  keep  his  mechanism  a  secret ;  but  it  was  observed  to  consist 
partly  of  a  large  cauldron,  or  vessel  of  boiling  water,  and  of  two  move- 
able wheels,  one  on  each  side  of  the  ship.  The  experiment  succeeded  so  far, 
that  the  vessel  was  propelled  at  the  rate  of  two  leagues  in  three  hours  ; 
and  the  inventor  was  rewarded  by  receiving  a  sum  of  200,000  maiavedis, 
besides  having  his  expenses  defrayed  from  the  public  treasury.  It  is 
added,  that  the  invention  would  have  been  further  encouraged  had  not 
State  expeditions  of  great  consequence  claimed  the  immediate  attention  of 
the  emperor.  And  it  is  important  to  tnention,  that  the  authenticity  of  the 
entire  history  of  Garay's  invention,  as  published  by  Gonzales,  has  been 
called  into  question,  and  that  do  practical  results  of  any  utility  followed. 
Eraser's  Magazine. 

Gutta  Percha  Boats. — At  Seacombe,  a  No.  1  pilot  boat,  built  of  gutta 
percha  has  been  tested.  It  is  17j  feet  long,  and  though  nearly  filled  with 
water,  and  having  four  men  on  its  gunwale,  kept  its  buoyancy.  It 
weighs  1901b.  and  sustains  a  pressure  of  15  cwt.  It  not  only  answers 
the  purpose  of  a  pilot. boat,  but  is  also  convertible  into  a  life-boat.  This 
substance  must  make  an  excellent  life-boat ;  and  before  we  saw  the  above 
account,  we  had  thought  of  calling  attention  to  the  feasibility  of  this  appli- 
cation. The  toughness,  elasticity,  and  lightness  of  this  material,  for  the 
purpose  of  boat-building,  is  unquestionable.  The  price  is  one  dollar  per 
pound,  and  30  pounds  must  make  a  boat  of  a  moderate  size.  The  old 
gutta  percha  can  be  sold  at  a  reduced  price. — iicienlific  American. 


Indian  Water/all. — Among  the  cliflTs  of  the  Eastern  Ghauts,  about  mid- 
way between  Bombay  and  Cape  Comurin,  rises  the  river  Shirawati,  which 
falls  into  the  Arabian  Sea.  The  bed  of  the  river  is  one-fourth  of  a  mile 
in  direct  breadth  ;  but  the  edge  of  the  fall  is  elliptical,  with  a  sweep  of 
half  a  mile.  This  body  of  water  rushes  at  first,  for  SCO  feet,  over  a  slope 
at  an  angle  of  45",  in  a  sheet  of  white  foam,  and  is  then  precipitated  to 
the  depth  of  850  feet  more  into  a  black  abyss,  with  a  thundering  noise.  It 
has,  therefore,  the  depth  of  1,150  feet!  In  the  rainy  season  the  river  ap- 
pears to  be  about  30  feet  in  depth  at  the  fall ;  in  the  dry  season  it  is  lower, 
and  is  divided  into  three  cascades  of  varied  beauty  and  astonishing  gran- 
deur. Join  our  fall  of  Genesee  to  that  of  the  St.  Lawrence,  and  then 
treble  the  two  united,  and  we  have  the  distance  of  the  Shirawati  cataract. 
While  we  allow  to  Niagara  a  vast  superiority  in  bulk,  yet  in  respect  to 
distance  of  descent  it  is  but  a  mountain  rill  compared  with  its  Indian  rival. 
— Rochester  Democrat. 

The  American  Lakes. — Professor  Drake,  of  Cincinnati,  has  been  making 
some  observations  upon  these  inland  seas,  and  gives  the  results  to  the 
public.  The  chain  of  lakes  extends  over  nearly  eight  and  a  half  degrees 
of  longitude  in  length.  The  extent  of  their  surface  is  estimated  at  93,000 
square  miles ;  and  the  area  of  country  drained  by  them  is  computed  at 
400,000  square  miles.  Their  relative  sizes  are  as  follows  : — "  Ontario, 
5,300  square  miles;  Erie,  9,600  ;  St.  Clair,  300  ;  Huron,  30,400;  Supe- 
rior, 22,000.  The  average  depth  of  water  in  the  diH'erent  lakes  is  a  ques- 
tion upon  which  there  is  no  certain  information.  Authorities  differ.  Dr. 
Drake  gives  it  as  follows: — St.  Clair,  20  feet ;  Erie,  84  ;  Ontario,  500  ; 
Superior,  900 ;  Huron,  and  Michigan,  1,000.  In  standard  works.  Lake 
Erie  is  usually  stated  to  have  a  depth  of  120  feet.  The  depest  soundings 
have  been  made  in  Lake  Huron.  Ofl"  Saginaw  Bay,  1,800  feet  of  line 
have  been  sent  down  without  finding  the  bottom.  The  altitude  of  these  lakes 
varies  step  by  step  from  Ontario  to  Superior.  Lake  Ontario  is  232  feet 
above  the  tide-water  of  the  St.  Lawrence.  Erie  is  333  feet  above  Ontario, 
and  565  feet  above  the  tide-water  at  Albany.  St.  Clair  is  6  feet  higher 
than  Erie;  Huron  and  Michigan  are  13  feet  above  St.  Clair,  and  Superior 
lies  44  feet  above  them.  This  shows  the  curious  fact  that  while  the  sur- 
face of  Huron  is  684  feet  above  the  level  of  the  ocean,  its  bottom,  at 
Saginaw  Bay,  is  more  than  1,100  below  the  same  level.  The  waters  of 
these  lakes,  with  the  exception  of  Erie  and  St.  Clair,  are  remarkable  for 
their  transparency  and  delicious  flavour.  Of  Lake  Huron,  Professor 
Drake  ascertained  that  the  water  at  the  surface,  and  200  feet  below  the 
same  place,  indicated  precisely  the  same  temperature, — namely,  56°. 
His  explanation  of  this  fact  is  :  the  waters  are  so  pure  that  the  rays  of 
the  sun  meet  with  no  solid  matter  in  suspension  to  arrest  and  retain  the 
heat." 

New  Cement. — The  Buffalo  Journal  describes  a  valuable  cement,  which 
was  first  discovered  in  Sharon,  iMedina  county,  Ohio,  and,  after  under- 
going the  most  thorough  test,  has  been  pronounced  of  great  value  for 
cementing  roofs  of  buildings,  steamboat  decks,  &c.  The  mine  itself  (says 
the  Cleveland  Herald)  is  one  of  the  most  singulrtr  depositories  to  be  found. 
It  seems  as  if  poured  into  a  large  sand-stone  basin,  covering  some  four 
acres,  is  found  at  the  depih  of  20  feet,  presents  an  even  level  surface,  is 
about  5  feet  thick,  and  when  dug  out  is  no  harder  than  tallow,  and  is  en- 
tirely free  from  dirt  and  other  impurities.  An  exposure  of  two  weeks  to 
the  air  changes  the  cement  to  stone,  so  hard,  that  it  is  diflicult  to  grind. 
In  preparing  it,  the  cement  is  first  ground  when  green,  and  after  it  has 
been  hardened,  it  is  ground  again,  and  remains  in  a  powdered  state  until 
mixed  with  oil  for  use.  When  applied  to  roofs,  it  becomes  hard  and 
durable  as  slate,  and  is  a  certain  fire-proof,  and  is  iu  no  way  affected  by  the 
weather.  We  have  been  shown  a  specimen  of  the  cement  that  has  been  ou 
wood  nine  months,  which  adheres  closely,  is  as  hard  as  the  slates  used  in 
schools,  shows  pencil  marks  equally  as  well,  and  has  the  grit  of  a  fine 
hone.  The  cost  is  small,  being  3  dollars  per  cwt.,  which,  with  the  same 
amount  of  oil,  is  sufficient  to  cover  1,200  square  feet. 

A  Portrait  of  Mr.  T.  Cubiit,  by  Pickersgill,  has  been  subscribed  for  by 
the  Builder's  Society. 

Salt. — A  spring  of  brine  has  just  been  "  tapped,"  by  Mr.  B.  Smith,  at 
Droitwich,  Cheshire,  at  the  depth  of  217  feet — being  a  greater  depth  than 
any  before  discovered  ;  the  usual  depth  being  170  or  180  feet. 

On  the  Occurrence  of  Vanadium  in  the  Refinery  Slag  of  Staffordshire. — 
Mr.  Deck,  in  a  communication  to  the  Chemical  Gazette,  says — "Being 
commissioned  by  an  eminent  English  railway  engineer,  who  has  directed 
much  attention  towards  the  qualities  of  iron  employed  in  bridges,  &c.,  to 
examine  some  refinery  slag,  which,  without  any  assignable  reason,  had 
the  property  of  imparting  extraoidinary  ductility  to  the  iron  with  which 
it  was  mixed,  I  have  succeeded  in  discoiering  a  large  quantity  of  vanadium, 
existing  as  silicate  of  vanadic  acid,  combined  with  small  portions  of 
molybdena,  chrome,  and  the  usual  quantities  of  phosphoric  acid  and  sili- 
cates. The  first  metal  being  confined  to  few  localities,  has  had  its  pro- 
perties but  little  studied  by  English  chemists,  and  has  hitherto  been  fuuud 
in  no  other  slag  than  that  from  the  Taberg  mine  in  Sweden,  the  iron  of 
which  is  remarkable  for  its  ductility ;  aud  no  mention  is  made  of  it  in  Dr. 
Percy's  elaborate  analyses  of  slags  for  the  British  Association.  The  quan- 
tity of  slag  at  my  command  operated  upon  was  very  small  ;  but  the  vana- 
dium existed  in  a  ranch  larger  proportion  than  in  the  Swedish  slag,  which 
1  have  since  examined  ;  and  it  is,  doubtless,  the  cause  of  the  superior 
ductility  of  both." 
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A  Nm  Method  of  Cutting  Trenches  for  Drain  Tiles  has  been  invented 
by  Mr.  While,  of  Kenninglon-road  ;  it  is  for  tlie  purpose  of  sliciiiK-oiit  the 
earth,  of  just  sufficient  widih  for  the  admission  of  the  pipes,  instead  uf 
the  unnecessary  and  expensive  plan  at  present  (from  necessity)  in  use,  of 
digging  a  trench  larRe  enoURli  for  the  men  to  work  in,  perhaps,  2  feet 
broad,  when  it  may  require  only  a  4  inch,  or,  at  most,  a  fi-inch  drain. 
The  macliine  consists  of  two  large  wrooKht-iron  wheels,  of  any  required 
diameter,  IJ  inch  thick  at  the  centre  for  12  inches  diameter,  then  tapering 
to  a  knife-edge,  which  is  to  be  hardened  steel.  'I'liese  are  tilled  in  a 
frame,  immediately  behind  each  other,  but  sideways,  such  a  distance  apart 
as  to  suit  the  diameter  of  Ihe  pipe  intended  to  be  employed.  They  turn, 
however,  rather  closer  at  bottom  than  at  ihe  top,  in  order  to  render  the  cut 
of  a  tapering  form  smallest  at  boHom,  for  the  more  ready  removal  of  the 
earth.  Tlie  implement  is  drawn  by  hoise-power  backwards  and  forwards, 
in  the  direction  of  the  cutting,  until  the  necessary  depth  is  required.  As 
these  knife-wheels  would  cut  much  better,  by  having  a  jet  of  water  drip- 
ping upon  the  earth  to  be  cut,  a  cistern  is  proposed  to  be  carried  upon  the 
frame.  To  give  increased— indeed,  double— power  to  the  horses,  when 
the  friction  would  be  very  great,  a  small  anchor  is  to  be  fixed  in  the  ground, 
at  any  distance,  for  a  single  piece  of  cutting— a  rope  from  which  would 
pass  through  a  pulley  on  the  machine,  and  the  horses  pull  from  that  end  of 
the  rope  ;  the  earth  is  afterwards  removed  by  a  peculiar  plough.  Suppos- 
ing the  implement  to  travel  at  the  rate  of  1 J  mile  per  hour,  and  that  it  had 
to  pass  over  the  ground  three  limes  to  oroduce  the  required  deplh,  and  that 
the  dislauce  beuveen  the  drains  is  30  ft.,  in  10  hours  it  would  cut  18  acres. 

SmeWuv^  Copj>er.—A.  correspondent  of  the  Mining  Journal  gives  the 
following  process  as  adopted  at  Toraas,  in  Norway  :— The  ore,  which  is 
the  cumraoa  copper  pyrites,  containing  a  large  proportion  of  sulphur, 
when  brought  from  the  mine,  is  spalled  to  about  the  size  of  a  walnut.  A 
round  kiln,  built  of  dry  stones,  about  3  feet  high,  with  apertures  at  short 
intervals,  is  constructed  ;  two  cubic  fathoms  of  wood  are  laid  in  the  bot. 
torn  ;  on  this  the  ore  is  placed;  this  quautily  of  wood,  in  general,  is  sup- 
posed  to  be  sufficient  for  ihe  calcination  of  100  Ions  of  ore.  When  lit, 
the  mass  generally  burns  fur  three  weeks  ;  towardslhe  close  of  the  opera- 
tion, smalls  are  thrown  on  the  pile,  to  prevent  the  loo  rapid  calcination  of 
the  ore.  As  soon  as  the  fire  has  ceased,  the  kiln  is  opened,  and  the  ore  is 
then  wheeled  to  the  smelling-works  ;  if  properly  calcined,  it  has  a  dark 
red  appearance,  and  is  exceedingly  friable;  great  care  is  required  in  this 
operation,  as  loo  much  heat  will  cause  Ihe  ore  to  melt,  and  a  regulus  will 
be  formed.  The  ore  is,  in  general,  allowed  to  remain  three  or  four  days, 
previous  to  ils  being  forwarded  to  the  ulterior  operations.  It  is  then 
melted  in  a  common  blast-furuace,  similar  to  those  used  in  the  Hariz,  and 
other  parls  of  Germany  ;  it  requires  there  about  70  cubic  feet  of  charcoal 
to  smelt  8  cubic  feet  of  copper.  The  regulus  produced  from  this  operation 
is  from  15  to  20  per  cent,  produce,  has  a  coarse  open  grain,  and,  in  general, 
a  deep  purple  appearnnoe.  This  is  subsequently  calcined  six  times;  a 
semicircular  kiln,  about  0  feet  long  by  2  feet  broad,  with  an  aperture  at 
the  end,  is  built;  4  tins,  of  wood  is  in  general  required  to  the  produce  of 
100  tons  of  ore;  each  calcination  lakes  about  24  hours.  After  undergo- 
ing these  calcinations,  the  regulus  a^-sumes,  when  broken,  a  white  ap- 
pearance, with  a  close  grain,  somewhat  similar  to  while  metal.  From 
thence  it  is  taken  to  the  copper  furnace,  and  after  remaining  Ihere  12 
hours,  is  tapped  out  in  the  form  of  rose  copper  (gaim  kobber).  The  pro- 
duce of  this  is  about  94  per  cent. 

Wood  Carbonised  by  High-Pressure  Steam.— U.  Violette,  commissary  of 
the  government  gunpowder  works  at  Esqueros,  has  communicated  to  the 
Paris  Academy  of  Sciences  a  process  he  had  adopted  for  making  charcoal 
suitable  to  the  manufacture  of  the  best  kinds  of  gunpowde  .  He  finds  that 
at  a  temperature  of  200°  centigrade  =  to  392°  Fah.,  wood  does  not  car- 
bonise; that  at  250°  centigrade  =  to  482°  Fah.,  an  imperfect  charcoal  alone 
is  obtained,  formerly  called  bridots,  or  burnt  wood  ;  that  at  300°  centigrade 
=  to  572°  Fab.,  the  red  charcoal  is  produced  ;  and  that,  at  350°  centigrade 
=  to  662°  Fah.,  and  above,  the  operation  invariably  furnishes  the  black  or 
complete  charcoal.  The  time  necessary  for  carlionization,  he  found  to  vary 
from  three  hours  to  half  an  hour,  and  the  products  passed  from  red  charcoal 
to  black  progressively.  He  aUo  took  account  of  tlie  produce  of  the  char- 
coal, and  found  it  to  diminish  in  quantity  in  proportion  as  the  carbonization 
was  carried  to  a  more  advanced  stage.  The  quantity  of  wood  usually  ope- 
rated upon  by  M.  Violette  was  25  kilog.  =  \  cwt.,  and  the  wood  employed, 
the  blackthorn  {rhamnus  frangula). 

Fossil  Tree. — A  few  days  since,  the  workmen  employed  in  the  railway- 
cutting  near  the  Coalbourn  Brook,  Slatrordshire,  discovered  a  fossil  tree, 
in  a  perpendicular  position,  in  Ihe  lime  and  iron-slone  formation  called 
clunvli.  It  was  20  inches  in  diameter,  and  the  lop  as  tiat  as  if  regularly 
sawn  ofl',  while,  iu  weight  and  hardness,  it  resembled  iron-slone.  A  piece, 
of  4  feel  in  length,  has  been  sent  to  Envillehall,  to  enrich  the  Earl  of 
Stamford's  museum;  ihe  lower  part  still  remains,  but  its  length  has  not 
yet  ben  ascertained. 

A  Coal  Bed  on  Fire. — Under  (he  village  of  Lower  Haugh,  near  Rother- 
ham,  Yorkshire,  an  extensive  bed  of  coal  has  been  burning  for  twenty  years, 
and  threatens  to  destroy  the  village  by  undermining  the  foundations  of  the 
houses.  The  heat  is  very  sensihly  perceptible  at  the  surface,  and  the  in- 
habitants take  advantage  of  it  as  a  natural  hot-bed  for  raising  early  vege- 
tables.  The  sulphurous  smell  and  smoke,  however,  form  a  great  drawback 
to  this  privilege,  and  indeed  render  some  of  the  houses  scarcely  habitable. 
The  coal  was  ignited  at  a  part  where  it  "  bassets  out,"  by  making  a  large 
fire  there  for  the  purpose  of  burning  stones  intended  for  road  materials. 


The  "  Great  Britain"  Sleam-Ship.—Thta  celebrated  vessel,  with  her  ma- 
chinery, sails,  nncbors.  cables,  &c  ,  was  put  up  for  sale  by  auction,  at  Liverpool,  on  Mod. 
flay,  the  18th  ult.,  at  which  port  she  has  been  since  September  last.  The  "  Great  Hritaiti" 
was  built  at  Bristol,  iu  IK4-1,  by  the  Great  Western  Steam-Ship  Company  tor  the  New 
liork  trade;  she  was  3,-H2  tons,  registereil  old  measurement;  her  length  of  keel  and 
tote-rake,  2MB  feet ;  ditto  overall,  31<ltt.3in.i  beam,  60  ft.4in.i  depth  32  feet  She 
was  propelled  by  eiiKines  of  nearly  l.OnO  horses'-poivet,  and  fitted  with  Woo. -croft's 
patent  screw  propeller;  and  has  accomniudalion  for  260  cabin  passengers,  with  stowage 
room  for  800  tons  carpo  (measurement),  and  l.i'UO  tons  ccal.  Her  great  streuKth  enabled 
her  to  withstand  the  shocks  of  the  heaviest  seas,  while  stranded  in  Dundrum  Bay,  on  the 
northern  coast  of  Ireland,  throughout  a  whole  winter,  without  in  the  slruhtest  degree 
altering  her  lines.  The  damage  done  lo  the  engines  and  ship's  bottom  has  been  carefully 
estimated,  after  surveys  by  competent  engineers  and  ship-builders,  and,  for  a  moderate 
sum,  Ihe  whole  ship  and  machinery  might,  it  is  stated,  be  restored  to  the  original  condi- 
tion. V\  ith  a  smaller  pair  of  euKines,  capalile  of  propelling  her  at  a  slightly  reduced 
speer  ,  by  which  her  coal  stowage  would  be  reduced  one  half,  she  would  accommodate 
over  1,000  emigrants  for  a  distant  voyage.  'Ihe  spacious  sale-rooms  of  Bleasrs.  Tongue 
and  turry,  were  densely  crowded  with  merchants  from  all  parls  of  the  kingdom— there 
being  al  least  300  gentlemen  present.  Sir.  Curry  said,  he  was  instructed  to  put  the  vessel 
up  at  a  certain  price,  for  the  parties  by  whom  he  was  employed,  but  he  should  prefer  an 
Oder  from  the  company  present.  Some  time  having  elapsed,  the  auctioneer  informed  the 
company  that  20,000/.  were  offered  lor  her.  Another  pause  then  ensued,  when  he  said  he 
should  take  her  in,  on  account  of  the  owners,  at  40,000/.  During  the  progress  of  the 
sale.  It  was  stated  in  the  room,  that  if  from  30.000/.  to  36,000/.  had  been  bid  for  the  vessel 
she  would  have  been  sold.     She  originally  cost  J25,000}. 

The  Neio  Park  at  Battersea.—l\\e.  new  park  at  Battersea,  which  has  been 
for  some  time  in  abeyance,  will  be  commenced  without  delay,  notices  having  been  con- 
veyed on  the  16th  ult.  to  all  the  residents  on  the  spot,  that  they  must  quit  possession,  the 
intention  being  at  once  to  remove  the  houses.  The  w«ter  works  will  remain.  The  park 
will  extend  the  whole  distance  between  Battersea  Bridee  and  Nine  Elms,  and  from  the 
bank  of  the  river  to  the  public  road  across  Battersea  l^ields,  making  the  length  of  the 
park  about  two  miles  and  a  quarter,  and  its  width  a  little  more  than  a  mile.  A  carriage- 
drive  forty  feet  in  breadth  will  be  formed  along  the  bank  of  the  Thames,  and  a  suspen- 
sion-bridge will  be  thrown  across  the  river  to  the  spot  where  the  Bed  House  now  stands. 
1  owards  the  construction  of  this  bridge  the  Marquis  of  Westminster  has  contribuled  the 
sum  of  fiO.OOO/.  At  the  south-western  boundary  of  the  jiark  an  elegant  church  has  been 
erected,  and  ivill  be  ready  for  consecration  in  the  course  of  the  present  autumn. 


IiIST    OP    NE^V    PATENTS. 

GRANTED    IN  ENGLAND    FROM    AOGUST    22,    TO    SEPTEMBER    21,    1848. 

Six  Months  allowed  for  Enrolment,  unless  otherwise  expressed. 

Hugh  Lee  Pattinson,  of  Washington-house,  Gateshead,  Durham,  chemical  manufac- 
turer, lor  "Improvements  in  manufacturing  a  certain  compound  or  certain  compounds 
ot  lead,  and  the  application  of  this  and  certain  other  compounds  of  lead  to  various 
useful  purposes."— Sealed  August  22. 

Alfred  Vincent  Newton,  of  Chancery-lane,   Middlesex,  mechanical  draughtsman,  for 

certain  Improvements  in  dressing  or  cleaning  grain,  and  in  separating  extraneous  matter 
therefrom."    (A  communication.)— August  22. 

Edward  Deuch,  of  Hurstperpoint,  Sussex,  hot-house  builder,  for  "Improvements  in 
the  roofing  conservatories,  hot-houses,  and  other  like  structures."- August  2(1. 

William  Young,  plumber,  and  Henry  Burgess  Young,  engineer,  both  of  Barnstaple, 
Devon,  for  *'  Improvements  in  smelting  and  refining  lead  ores."— August  28. 
^    Charles  Rowley,  of  Birmingham,  Warwick,  button-manufacturer,  for  "  Improvements 
in  the  manufacture  of  buttons.'' — August  28 

Elizabeth  Chrees,  of  Homerton. Castle,  Homerton,  Middlesex,  for  "  Improvements  in 
the  manufacture  of  sealing  wax."— August  2y. 

Peter  Wright,  of  Dudley,  Worcester,  vice  and  anvil  manufacturer,  for  "  certain  Im- 
provements in  the  manufacture  of  vice-boxes,  and  in  the  machinery  for  effecting  the 
same." — August  31.  i 

George  Nasmyth,  of  Ebury-street.  Pimlico,  Middlesex,  civil  engineer,  for  "  certain  Im- 
provements in  the  construction  of  fire-proof  flooring  and  roofing,  which  improvements  are 
also  applicable  to  the  construction  of  viaducts,  aqueducts,  and  culverts."— September  4. 

William  Wheldoo,  engineer  to  Messrs,  John  Warner  and  Sons,  of  Jewin'crescent, 
London,  brass-founders  and  engineers,  for  "  Improvements  in  pumps  or  machinery  for 
raising  or  forcing  fluids." — September  4 

John  Lewis  Bicardo,  of  Lowndes-square,  Middlesex,  Esq.,  M.P.,  for  "  Improveme:ltB 
in  eleciric  telegraphs,  and  in  apparatus  connected  therewith."— September  4. 

William  Edward  Hollands,  of  73,  Regent-quadrant,  Middlesex,  dentist,  and  Nicholas 
Whitaker  Green,of  16,  Wallon-place,  Chelsea,  gentleman,  for  "  a  new  manufacture  of 
artificial  fuel  in  blocks  or  lumps."— September  4  ;  four  months. 

William  Losh,  of  Newcastle-upon-Tyne,  for  "  Improvements  in  steam-engines."— 
September  4. 

Henry  Smith,  of  Vulcan-works,  West  Bromwich,  for  "  Improvements  in  the  manu- 
facture of  railway  wheels." — September  6. 

William  Dickinson,  of  Blackburn,  Lancaster,  machine-maker,  for  "  certain  Improve- 
ments in,  and  applicable  to,  looms  for  weaving,"— September  li. 

Robert  Walter  Winfield,  of  Birmingham,  merchant  and  manufacturer.and  John  Ward, 
of  Birmingham,  aforesaid,  a  workman  in  the  employ  of  the  said  Robert  Walter  Winfield, 
for  "  certain  Improvements  in  the  manufacture  of  tubes  and  in  the  manufacture  of  cer- 
tain articles  made  in  part  of  tubes."— September  14. 

William  Sager,  of  Rochdale,  Lancaster,  wool- dealer,  for  "certain  improved  means  and 
apparatus  for  effecting  the  transit  or  conveyance  of  goods,  nassengers,  and  correspondence, 
by  land  or  water,  and  for  other  such  purposes,  part  or  parts  of  which  means  and  apparatus 
constitute  a  new  and  improved  method  of  generating  steam,  ivhich  improvement  is  ap- 
plicable to  other  purposes  to  which  steam  is  generally  applied  as  a  motive  power."— Sep- 
tember 15. 

William  Brown  Roof,  of  Stanhope-street,  Regent's- park,  chemist,  for  "  certain  Im- 
provements in  the  construction  of  respirators  " — September  21. 

Henry  Wilson,  foreman  to  Messrs.  William  Greaves  and  Son,  of  the  Sheaf-works, 
Sheffield,  for  "Improvements  in  the  manufacture  of  chisels  and  gouges."— September  21. 

Joseph  Lillie,  of  Manchester,  engineer,  for  "  certain  machinery  or  apparatus  applicable 
for  purifying  and  cooling  liquids,  and  for  purifying,  condensing,  and  cooling  gases."- 
September  21. 

John  Frearson,  of  Birmingham,  machinist,  for  "  Improvements  in  bending  or  shaping 
iron  or  steel,  and  other  metals."— September  21. 
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CANDIDUS'S    NOTE-BOOK, 
FASCICULUS  LXXXVII. 

"  I  must  have  liberty 
^^'ithal,  ns  large  ji  charter  a*  the  winds, 
To  blow  on  whom  I  please." 

I.  I  lately  called  attention  to  a  very  feasible  improvement,  or 
rather,  liiglily  desirable  completion,  of  an  important  public  edifice 
— namely,  So'merset-place  ;  and  my  remarks  appear  to  have  been 
not  entirely  thrown  away,  since  they  have  been  noticed  by  others. 
I  -will  now  mention  another  .building — a  public  one,  of  considerable 
importance,  and  admirably  situated  in  many  respects,  it  having 
among  other  advantages  that  of  being  placed  directly  at  the  ex- 
tremity of  a  vista  from  one  of  the  most  frequented  thoroughfares  in 
the  whole  metropolis.  Notwithstanding  all  which,  it  is  in  itself  a 
most  flagitious  architectural  monstrosity.  Can  any  one,  after  tliis, 
beat  a  loss  to  guess  what  is  the  building  wliich  I  allude  to .''  I 
myself  know  of  no  other  so  situated,  precisely  at  the  end  of  a  vista 
whose  sides  enclose  it.  After  this,  and  my  calling  it  a  perfect  mon- 
strosity, can  you  possibly  be  any  longer  in  doubt  ?  Those  who  still 
are  so,  ought'to  be  left  sticking  fast  in  it,  and  left  to  help  themselves 
out  of  it  as  well  as  they  can.  Don't  be  in  a  hurry,  good  folks;  take 
your  time,  or  take  a  map  of  London,  and  examine  it,  and  then — 
Oh !  you  have  found  it  out,  have  you  ?  you  guess  tliat  I  allude, 
after  my  own  rigmarole  fashion,  to  the  front  of  Guildhall.  Well ! 
since  there  is  no  denying  it,  I  confess  it :  it  is  the  front  of  Guild- 
hall that  I  mean, — and  both  mean  and  unmeaning  enough  it  is  in 
itself.  Civic  taste  runs  more  in  favour  of  turtle  soup  than  archi- 
tecture, or  the  citizens  would  abridge  the  number  of  their  annual 
tureenfuls  of  that  luxurious  fare,  in  order  to  accumulate  funds 
for  a  worthy  exterior  to  their  banqueting-hall.  As  far  as  it  goes, 
their  taste  is  unexceptionable,  but  it  does  not  go  far  enough ;  it 
is  very  palatable,  but  not  at  all  palatial, — at  least,  not  externally, 
the  exterior  of  their  Hall  of  Guild  being  as  tasteless  as  can  well 
be  conceived.  Instead  of  turtle,  venison,  and  champagne,  it  an- 
nounces water-gruel  and  cag-mag ;  it  being  the  most  veritable 
architectural  cag-mag  e\'er  produced.  Some  of  tlie  city  folks 
must,  I  think,  have  longed  to  carry  off  the  Victoria  porch  from 
the  Palace  of  Westminster,  and  plant  it  as  a  portal  before  their 
Guildhall,  with  such  addition  as  might  be  found  requisite  for 
filling  up  the  entire  frontage.  What  that  last  may  be,  I  cannot 
undertake  to  say, — there  being  no  published  plan  from  whicli  mea- 
surements can  be  ascertained.  However,  that  we  sliould  there 
have  a/HCSi/Hj'fe  or  duplicate  of  the  Victoria  porch  at  Westminster, 
is  not  at  all  to  be  desired.  We  might  be  very  well  content  with 
something  of  similar  character  in  regard  to  nobleness  of  idea  and 
grandeur  of  design.  Yet,  so  huig  as  there  is  no  absolute  occasion 
for  doing  anything  to  the  building,  nothing  is  likely  to  be  done  ; 
wherefore,  one  is  almost  tempted  to  regret  that  it  was  not  burnt 
down  by  the  fire  that  broke  out  close  by  it  some  time  ago,  and 
threatened  to  lay  hold  of  it ;  but  was,  unfortunately,  laid  hold  of 
itself,  and  arrested  before  it  could  perform  the  good  office  of 
ridding  us  of  that  scandal  to  City  taste.  Pity  tliat  that  taste  is 
more  Apician  than  Vitruvian, — that  it  patronises  turtle  soup  so 
much,  as  to  have  no  patronage  left  for  architecture. 

II.  There  are  buildings  which  seem  to  have  been  intended  to 
exemplify  errors  and  defects,  and  thereby  deter  from  anything 
similar  being  attempted.  Among  such  monitory  and  well- 
intentioned  works,  we  may  place  the  front  of  tlie  lloyal  Institu- 
tion, in  Albemarle-street,  which  looks  like  a  huge  lodging-house, 
with  as  many  eyes  as  Argus,  peeping  out  from  between  tlie  columns 
of  a  Corinthian  temple, — perhaps  that  of  Argus  himself.  In- 
structive it  may  fairly  be  called,  inasmuch  as  it  makes  manifest 
at  a  glance  the  utter  preposterousness  of  attempting  to  unite 
together,  as  is  there  done,  two  such  irreconcileable  systems  of  com- 
position as  are  those  of  Columniation  and  Fenestration.  Now,  I 
am  not  quite  so  straight-laced  in  my  opinions  as  to  object  to  an 
order  being  employed  as  decoration,  but  then  it  should  in  every  case 
accommodate  itself  to  the  structure  which  is  so  ornamented, 
instead  of  affecting  to  produce  the  same  expression  as  a  simple 
open  colonnade,  where  the  columns  and  their  entablature  alone 
constitute  the  e.xtericr  of  the  fabric.  Wlien  first  seen  in  such  a 
foreshortened  view  of  it  that  the  windows  within  the  intercolumns 
are  concealed,  the  front  of  the  Royal  Institution  suggests  the  idea 
of  an  open  colonnade  upon  a  noble  scale  ;  but  the  very  next  minute 
we  are  undeceived,  disappointed, — even  disgusted.  Instead  of 
finding  anything  like  nobleness  or  grandeur,  we  are  shocked  at  the 
positive  littleness  and  meanness  which  prevail  in  everything  but 
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the  columns  themselves.  Not  only  is  tliere  a  most  violent  and 
offensive  contradiction  occasioned  by  the  adoption  of  conflicting 
modes  and  ideas,  but  there  is  no  sort  of  keeping  whatever  as  to  style. 
After  the  columns,  there  is  nothing  wliatever  of  Corinthianism 
in  the  other  features  and  details.  We  find  the  most  florid  order 
applied  as  decoration  to  what  is  itself  kept  most  penuriously  bare ; 
so  that  richness  and  poverty  of  style — ^or,  I  might  say,  style  and 
no-style — are  coupled  togethei-.  AVith  such  absence  of  all  artistic 
feeling  is  that  pretentious  facade  treated,  that  what  is  meant  for 
its  decoration,  causes  the  building  itself  to  appear  most  insignifi- 
cant, or  even  worse.  Although  both  the  columns  themselves  and 
the  front  are  large  enough,  the  whole  is  a  mass  of  littleness  and 
prosaic  sameness ;  for,  as  if  there  were  rather  a  paucity  than 
superabundance  of  windows,  the  very  doors  are  made  to  resemble 
the  windows  as  much  as  possible  :  therefore,  so  far,  the  design  may 
be  said  to  be  all  of  a  piece  throughout — yet  after  so  unlucky  a 
fashion,  that  instead  of  being  a  merit,  that  circumstance  becomes 
a  defect. 

III.  Taste  is  subject,  not  only  to  wholesale  revolutions,  but  to 
strange  fluctuations  and  relapses.  One  day  we  are  disposed  to 
think  that  taste  has  taken  a  better  direction  than  before,  and  is 
likely  to  advance  in  it  if  allowed  to  have  its  free  course ;  when, 
the  very  next,  perhaps,  we  are  startled  and  shocked,  puzzled  and 
perplexed,  by  some  architectural  monstrosity  which  runs  quite 
counter  to,  and  upsets  our  calculations.  Although  such  is  the 
fact,  it  seems  hardly  ci-edible  that  two  structures  which  are  almost 
within  sight  of  each  other,  and  erected  in  the  very  same  year, 
should  exhibit  such  diametrically  opposite  tastes  as  do  Bridgewater- 
house  and  Mr.  Hope's  new  mansion  in  Piccadilly.  Tlie  latter  is 
such  a  vile  compound  of  uncouthness  and  deformity,  as  to  be 
nothing  less  than  marvellous.  That  precious  sample  of  design  is 
said  to  be  by  some  foreign  architect, — which  is  the  only  thing  to 
console  us ;"  yet,  let  whoever  may  be  responsible  for  the  design 
itself,  the  discredit  of  adopting  it  falls  upon  no  other  than  Mr. 
Hope  himself.  Had  an  ignorant  employer — one  compelled  to 
trust  entirely  to  the  taste  and  judgment  of  others,  been  prevailed 
upon  to  make  choice  of  such  a  piece  of  studied  ugliness,  he  would 
have  been  to  be  pitied,  and  our  astonishment  would  have  been 
greatly  diminished.  But  JMr.  Hope  is  not  the  man  to  be  so  im- 
posed upon ;  he  has  the  reputation — the  hereditary  reputation 
at  least,  of  being  an  authority  in  matters  of  art  and  taste, 
wherefore  he  is  almost  the  very  last  person  from  whom  so  public 
a  display  of  bad  taste  was  to  be  apprehended.  Besides  marvelling 
much,  there  is  also  room  for  fearing  that,  through  the  influence  of 
his  name,  his  example  may  become  contagious,  and  encourage 
others  to  perpetrate  similar  architectural  enormities.  One  com- 
fort is,  the  building  seems  to  be  universally  disliked  and  condemned ; 
while  the  evil  else  to  be  apprehended  from  such  example  will  now 
be  greatly  counteracted  by  the  very  opposite  one  of  Bridgevvater- 
house.  What  is  to  be  regretted  is,  tliat  instead  of  occupying  as 
public  a  situation  as  the  other,  the  latter  mansion  is  comparatively 
secluded  from  notice.  Even  its  Park-front  cannot  be  seen  very 
satisfactorily,  all  the  lower  part  being  completely  screened  by  the 
garden,  witli  its  fence  and  shrubbery  ;  and  of  as  much  of  it  as  is 
visible,  the  rich  and  delicate  detail  becomes  almost  lost,  owing  to 
the  impossibility  of  aiiproaching  sufficiently  close  to  inspect  it  as 
it  deserves.  And  the  other,  or  south-front,  which  is  somewhat  the 
longer  of  the  two,  is  where  it  is  almost  concealed  from  public  ob- 
servation,— Cleveland-row  being  no  thoroughfare  into  the  Green- 
park,  but  a  mere  cul-de-sac. 

IV.  Bridgewater-house  puts  its  neighbour,  "Sutherland,"  quite 
out  of  countenance.  The  two  buildings  contrast  very  strikingly 
with  each  other,  and  afford  a  very  good  lesson,  and  make  manifest 
that  decided  improvement  upon  the  whole  has  taken  place  within 
the  last  five-and-twenty  years.  In  point  of  architectural  quality, 
Sutherland-house  is  a  very  ordinary  production  (by  two  of  the 
Wyatts)  ;  mesquin  in  its  ensemble,  and  insipid  and  flavourless  at 
the  best.  There  is  nothing  about  it  that  can  really  be  called  style  : 
it  has  none  of  the  stamina  of  stj'le,  but  merely  feeble,  usi'  man- 
nerism, without  a  single  touch  of  genuine  artistic  feeling  or  taste, 
or  of  con  amore  diligence.  Undoubtedly  there  are  many  things 
quite  as  poor,  or  even  \evy  much  worse ;  therefore,  if  it  be  any 
praise  to  say  that  of  it,  to  such  praise  Sutherland-house  is  un- 
equivocally entitled.  Such  praise,  howe\'er,  is  only  condemnation 
in  a  milder  shape ;  and  if  tlie  structure  in  question  is  not  to  be 
called  a  failure,  it  is  only  because  nothing  more  than  dull  routinier 
mediocrity  seems  to  have  been  aimed  at — and  it  has  been  produced. 
Apsley-house  is  another  piece  of  AVyattism,  and  is  such  as  to 
make 'us  hope  that  that  ism  is  now  departed  from  among  us  for 
ever.  In  those  days,  Sansovino  seems  to  have  been  quite  unknown 
here,  or  else  must  have  been  put  into  an  Index  Expurgatorius. 
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V.  In  tlie  subjects  generally  proposed  to  architectural  students 
in  oom])etition  for  aeademiciil  medals  or  other  premiums,  no  very 
preat  jiidgnient  is  shown,  tliey  beinff  almost  invariably  of  a  class 
altogether  out  of  the  sphere  of  usual  practice.  Such  subjects  as 
royal  palaces,  senate-bouses,  cathedrals,  and  others  of  a  similarly 
ambitious  kind,  do  not  exercise  those  faculties  and  abilities  which 
jire  most  of  all  necessary,  because  the  o|i]iortunities  for  exerting 
them  are  comparatively  of  every-day  occurrence.  He  who  can 
dis])lay  talent,  ingenuity,  and  taste,  on  occasions  which  seem  to 
affurd'hardly  any  room  for  displaying  them,  will  be  at  no  loss  for 
ideas  on  more  important  occasions  that  may  reipiire  him  to  put 
f(jrth  his  strength,  at  the  same  time  that  they  afford  great  scope 
for  his  imagination.  The  converse  does  not  hold  good  :  the  pro- 
duction of  an  extravagant  chimerical  prnjct  as  an  academical 
tlieme,  is  no  pledge  for  the  sort  of  talent  which  is  really  wanted, 
any  more  than  the  obtaining  a  Gold  Medal  is  any  pledge  for  after- 
distinction.  Suljjeets  so  rare  and  exceptional  that  they  may  be 
ranked  among  the  phenomena  of  the  art,  are  hardly  the  very  best 
preparatory  themes  and  exercises.  Even  granting  that  they  tend  to 
develope  and  confirm  artistic  talent  of  a  higher  grade,  if  the  talent 
itself  be  of  a  kind  that  requires  extraordinary  emergencies  and 
illimitable  resources  for  exerting  and  displaying  it,  it  becomes,  in 
a  manner,  a  superfluous  one.  Unless  he  at  the  same  time  has 
powers  more  generally  available,  the  possessor  of  it  is  likely  to 
prove  in  the  condition  of  Hercules  employed  in  spinning  with  a 
distaff,  at  which  labour  his  gigantic  thevi-s  and  sinews  could  have 
been  of  little  service  to  him.  Of  Hercules'  handiwork  of  that 
sort,  no  "long  yarns"  have  been  preserved  as  relics  ;  but  no  doubt 
they  were  ratlier  clumsy  ones — as  clumsy  as  this  fantastic  compa- 
rison will  perhaps  be  considered  by  many.  So  I  drop  it,  and  re- 
sume with  a  fresh  paragraph. 

VI.  Such  ambitious  efforts  in  architectural  design  as  those  above 
alluded  to,  do  not  at  all  serve  to  call  into  play  wliat  is  a  most  va- 
luable species  of  ability,  tluit  which  can  acecmimodate  itself  to  un- 
toward circumstances,  and  overc(mie  difficulties.  Where  a  carte 
Idiinche  is  offered,  all  those  thwarting  and  fettering  conditions 
which  the  architect  must  expect  to  meet  and  contend  with,  are  got 
rid  of  at  once.  C^omparatively  little  exertion  of  thought  is  re- 
quired where  what  may  be  called  dreaming  will  suffice.  Were 
airte  blanche  matter  of  course  on  all  occasions,  imagination  might 
he  left  to  run  riot  at  will.  Though  as  to  imagination,  it  may 
be  doubted  whether  even  that  is  much  exercised  and  disciplined  by 
the  kind  of  subjects  proposed  for  Grands  Prix  and  Gold  Medals. 
They  generally  show  more  of  high-flown  but  empty  aixhitectural 
bombast,  than  of  fertile  invention.  \Vhen  examined,  they  may  be 
found  to  be  made  up  out  of  the  usual  stock  ideas — some  of  them 
rather  worn  out,  or  at  least  the  worse  for  the  wear.  It  requires 
no  great  exertion  of  imagination,  or  power  of  fancy,  to  draw  out 
upon  paper  mile-long  colonnades,  or  spires  that  shall  pierce  the 
clouds.  Between  such  mere  extravagance  and  the  artistic  and 
poetical,  there  is  a  wide  difference.  Moreover,  it  is  very  possible 
to  be  exceedingly  extravagant  and  exceedingly  dull  at  the  same 
time.  Some  of  Soane's  architectural  "  visions,"  as  it  pleased  him 
to  call  them,  partook  of  that  double  quality.  Tliere  was  enough 
of  them  as  to  measure  and  quantity,  but  the  stuff  itself  of  which 
they  were  formed  was  very  ordinary  and  homespun — fitr  more  prosaic 
than  poetical  in  texture.  Schemes  of  such  magnitude  have  ere 
now  been  produced  upon  paper,  that  Barry's  "  Palace  of  Westmin- 
ster" would  shrink  into  insignificance  in  comparison  w  ith  them  ; 
yet,  thimgh  the  things  themselves  have  been  of  monster  size,  they 
iiave  oftener  than  not  been  made  up  of  rather  dwarfish  ideas. 
Even  empty  common-place  may  be  inflated  to  such  bulk,  as  to  look 
not  only  large,  but  solid  too.  But  as  a  monster  projei  proposed 
by  an  Academy  is  required  for  producing  the  inflation,  the  bladder 
empties  itself,  and  falls  to  the  ground  again.  Were  colossal  mo- 
numental edifices  reared  by  us  every  day,  there  would  be  some 
reason  in  proposing  them  as  subjects  to  students ;  although  even 
then  they  ought  to  be  accompanied  by  some  sort  of  conditions, 
which  would  have  to  be  observed  ;  but  as  such  is  not  the  case,  it 
would  surely  be  better  to  direct  study  with  more  regard  to  tlie  ap- 
plication of  it  on  ordinary  occasions.  And  the  talent  which  can 
display  itself  upon  such  occasions, — which  is  capable  of  elevating 
what  seems  to  be  a  common-place  subject  into  the  sphere  of  art,  by 
happiness  of  treatment  and  skilful  touches,— is,  though  it  may  seem 
a  comparatively  humble,  an  exceedingly  rare  one.  It  is  one  that 
demands  artistic  feeling,  and  a  thorough  knowledge  of  artistic 
cJiaracter  and  effect.  It  works  out,  as  it  were  intuitively,  rules  for 
itself,  which  unlike  ordinary  technical  ones,  do  not  admit  of  being 
fornuilly  and  clearly  expressed  in  words. 

VII.  Ordinary  rules  have,  no  doubt,  their  serviceableness,  but  it 
i£  rather  of  a  negative  sort :  the  observance  of  them  will  prevent 


faults,  but  will  not  ensure  positive  beauties,  or  other  merits  than 
those  which  partake  of  mere  routine,  and  are  therefore  equally  at 
every  one's  command — of  the  novice  as  well  as  of  the  master. 
Rules  are  indisjiensable,  since  they  constitute  the  very  grammar  of 
the  art ;  but  from  its  grammar  to  its  poetry  the  distance  is  prodi- 
gious— at  least,  so  great  that  ninety-nine  out  of  a  hundred  never 
advance  beyond  the  former  so  as  to  reach  the  latter.  ^Vhat  is 
done  by  mere  rules  and  routine,  can  be  accomplished  by  one  man 
just  as  well  as  by  another.  It  is  the  sonu-thing  more — the  unde- 
finable  and  individual  7/on  soche,  which  lyinp  beyond  the  reach  of 
rules,  is  not  to  be  overtaken  and  cauglit  by  them.  As  far  as  this 
finer  quality  of  art  can  be  studied  and  learnt  at  all,  it  is  w  bat  every 
one  must  study  for  himself ;  for  it  is  not  to  be  learnt  from  general 
precepts  and  rules,  but  from  a  careful  and  diligent  examination  of 
examples  marked  by  such  felicitous  quality.  Rules  teach  mvch, 
but  they  do  not  teach  all.  Yet,  instead  of  being  frankly  acknow- 
ledged, this  is  a  truth  which  is  thrust  aside  and  kept  out  of  sight ; 
whereas  it  is  one  that  ought  to  be  strongly  im))ressed  upon  every 
student.  Rules  and  the  observance  of  precedent  will  suffice  for 
mere  mechanical  copying,  but  if  architecture  need  not,  or  cannot 
now  advance  beyond  that,  it  ought  to  forfeit  all  pretension  to  the 
character  and  title  of  Fine  Art.  And  why  should  it  or  its  fol- 
lowers for  it  be  ambitious  of  such  title,  if  it  cannot  support  it  by 
acting  up  to  it .?  If  we  are  content  with  it  in  its  present  con- 
dition as  a  mechanical  art,  wherefore  not  confess  as  much  by  call- 
ing it  so,  instead  of  claiming  for  it  an  empty  title,  which  only  re- 
minds us  of  what  it  no  longer  is  ?  As  a  Fine  Art,  all  its  privileges 
seem  to  be  gone  ;  therefore,  they  and  its  power  being  gone,  it 
would  lose  nothing  by  being  deprived  of  its  nominal  rank.  This 
will,  no  doubt,  be  considered  very  harsh  and  unwelcome  advice. 
Well,  then,  if  its  rank  must  not  be  given  up,  let  us  endeavour  to 
render  it  worthy  of  such  rank,  and  to  re-instate  it  in  its  quality  of 
Fine  Art,  endowed  with  all  those  prerogatives  and  privileges  of 
which  in  these  latter  days  it  has  been  despoiled  and  stripped, 
and  forced  to  subsist  upon  the  remnants  of  its  former  treasures. 

VIIT.  Many,  it  might  be  supposed,  would  be  really  glad,  were 
the  idea  of  architecture  being  a  Fine  Art  to  be  altogether  renounced, 
sinceart  does  not  seem  to  be  at  all  their  element.  They  are  safer  on 
dry  land — on  the  honest  terra  firma  of  practical  routine.  Art  is  a 
treacherous  element  to  those  unprepared  for  and  inexperienced  in 
it.  If,  according  to  the  opinion  which,  though  not  formally  ex- 
pressed, is  to  be  gathered  from  the  remarks  of  certain  writers,  we 
have  no  further  occasion  for  artistic  invention,  or  any  actually  ope- 
rating and  creative  principle  iaarchitecture,  but  may  get  all  the  art 
that  is  required  for  it  at  second-hand,  and  would  therefore  do  well 
to  confine  ourselves  exclusively  to  traditional  forms  and  ideas, — if 
such  be  the  case,  and  we  can  now  dispense  with  art  itself,  we  can 
surely  dispense  with  the  name  of  it.  Or,  if  we  must  call  it  art, 
let  us  call  architecture  the  art  of  making  new  buildings  by 
copying  or  hashing-up  old  ones.  But  to  afl'ect  to  consider  and 
style  it  a  fine  art,  when  we  make  it  in  practice  just  the  reverse, 
partakes  too  much  of  quackery.  Architects  are  now  such  a  nume- 
rous class,  that  it  would  be  strange  if  there  were  not  some  among 
them  who  might  fairly  aspire  to  the  honourable  name  of  artists ; 
but  the  majority  have  very  questionable  claim  to  it,  and  some 
none  at  all;  nor  even  so  much  as  any  genuine  relish  for  their  "art": 
and  the  want  of  earnest  affection  for  it,  is  of  itself  a  proof  of  the 
want  of  the  talent  requisite  for  it. 

IX.  Those  who  admire  one  style  of  architecture,  are  apt  to 
be  not  merely  indifferent  to,  but  intolerant  of  every  other.  The 
lover  of  pure  Greek  architecture  sees  only  the  corruption  of  it  in 
the  Roman  style ;  and  of  this  latter,  the  degradation  in  the 
Italian.  His  standard  of  excellence  is  the  Parthenon  ;  and  by 
that  standard  he  tries  everything  else,  no  matter  bow  different 
may  be  the  principles  upon  which  it  is  constituted.  He  would  have 
Greek-Doric  tenii)les  spring  up  everywhere  throughout  the  length 
and  breadth  of  Europe,  and  of  America  also.  He  is  willing  to 
extend  some  degree  of  favour  to  Ionic,  that  being  at  all  events 
Grecian ;  but  Corinthian  is  Roman,  and  shows  a  sad  falling-off 
from  the  manly  simplicity  of  the  earlier  style.  On  the  other 
hand,  the  lover  of  Roman  and  Italian  design  is  equally  strong 
both  in  his  liking  and  his  antipathy,  holding  Greek  architecture  to 
be  frigidly  severe  and  monotonous,  exceedingly  borne  withal;  and 
Gothic,  together  with  all  other  mediaeval  styles,  to  exhibit  only 
the  barbarous  conceits  of  the  dark  ages, — to  be  utterly  devoid  of 
"  proportions,"  lawless,  extravagant,  and  irreducible  to  "  rules." 
Such  at  least  used  to  be  the  case,  for  at  the  present  day,  such 
sweeping  condemnation  and  insolent  contempt  of^  mediaeval  archi- 
tecture cannot  be  expressed  with  impunity.  Tempora  mutantur: 
Gothic  may  be  said  to  have  now  the  ascendancy,  and  its  admirers 
and  devotees  repay  with  compound  interest  the  insults  and  indig- 
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nities  which  it  formerly  received  from  the  Italian  school  and  its 
followers.  Opposite  as  they  are  in  their  tastes,  all  these  parties 
are  alike  in  one  respect,  they  heing  all  alike  one-sided,  prejudiced, 
and  intolerant  in  their  antipathies,  and  cheating  themselves  out 
of  much  varied  enjoyment  hy  liniitinj;  the  sphere  of  it  to  the 
compass  of  a  single  style  of  the  art ;  instead  of  sympathising  with 
the  beautiful  and  intrinsically  aesthetic  in  architecture,  whatever 
may  be  the  particular  form  under  which  it  presents  itself,  or  the 
name  to  which  it  answers. 


STUDY  OF  MECHANICS.* 

Mechanical  science  is  certainly  the  most  ancient  branch  of 
natural  philosophy.  The  very  commencement  of  existence  is  the 
exercise  of  force ;  and  of  all  his  physical  powers,  the  first  which 
man  puts  into  operation  is  his  strength  :  the  whole  business  of  his 
animal  life  consists  in  the  exercise  of  it,  and  from  the  beginning  of 
the  world  until  now,  every  human  being,  from  his  cradle  to  his 
grave,  has  been  making  repeated  experiments  in  that  knowledge 
which  only  modern  philosophers  profess  to  teach  with  perfect 
accuracy. 

Why  has  a  study,  of  which  the  study  has  been  universal  and 
uninterrupted,  advanced  with  such  slow  and  uncertain  steps? 
This  tardy  development  is  not  the  history  of  all  other  sciences. 
Geometry — the  exact  knowledge  of  forms  and  dimensions — though 
its  applications  to  the  purposes  of  life  are  much  fewer,  and  much 
later  required,  became  a  methodic  science,  while  mechanics  still 
remained  a  crude  collection  of  facts.  So  late  as  the  end  of  the 
sixteenth  century,  the  very  simplest  phenomena  of  falling  bodies 
were  in  doubt.  A  heavy  body  falls  to  the  ground  more  rapidly  than 
8  light  body,  said  the  opponents  of  Galileo. — The  weight  of  the 
bodies  makes  no  difference  in  their  motion,  was  his  counter-asser- 
tion. Now,  here  was  a  question  which  the  world  might  be  presumed 
to  have  settled  for  itself  before  it  was  five  thousand  six  hundred 
years  old.  If  there  be  any  operation  of  nature  more  frequently 
observed  than  another,  it  is  this  very  one  of  the  descent  to  the 
ground  of  unsupported  bodies.  Yet,  notwithstanding  the  incal- 
culable number  of  previous  observations,  it  was  necessary  that 
Galileo  should  appeal  to  direct  experiment  to  support  his  views. 
He  ascended  to  the  top  of  the  leaning  tower  of  Pisa,  with  two 
balls  differing  very  much  in  weight,  yet  both  of  such  a  density  as 
not  to  be  much  affected  by  the  action  of  the  air.  The  balls  were 
simultaneously  dismissed  from  his  hands,  and  reached  the  ground 
at  the  same  moment,  or  at  least  %vithout  perceptible  interval. 

This  was  conclusive  .'—On  the  contrary,  the  discussion  gained 
in  vehemence  what  it  lost  in  argumentative  reasoning.  Galileo's 
opponents  were  not  convinced,  but  merely  irritated.  From  time 
immemorial,  it  had  been  believed  that  the  greater  the  mass  of  a 
body,  the  greater  was  the  acceleration  of  gravity.  Was  it  to  be 
supposed— they  asked— that  they  and  all  preceding  philosophers, 
from  the  time  of  Aristotle,  had  been  mistaken  on  this  fundamental 
point  ?  Rather  than  concede  that,  they  chose  to  disbelieve  the 
evidence  of  their  own  senses. 

The  momentum  of  mind  operates  as  manifestly  as  that  of 
matter.  The  difficulty  which  Galileo  had  to  combat,  arose  not 
from  the  nature  of  his  subject,  but  from  the  necessity  of  overcoming 
the  previous  tendency  of  men's  minds,  and  moving  them  in  a 
contrary  direction.  This  difficulty  has  existed  throughout  the 
history  of  mechanical  science  :  now,  also,  it  is  the  greatest  obstacle 
to  the  student's  progress. 

If  there  were  no  previous  errors  and  prejudices  to  be  overcome, 
no  previous  misconceptions  to  be  unlearned,  mechanics  would  be 
one  of  the  most  easily-acquired  branches  of  human  knowledge.  If 
the  brain  were  as  an  unwritten,  unsullied  scroll,  ready  to  receive 
those  fair  characters  which  have  been  traced  and  perfected  by  the 
co-operation  of  the  most  stupendous  efforts  of  human  intellect— 
the  liability  to  error  and  confusion  would  almost  cease  to  exist, 
liut  this  can  never  be  the  case.  The  student  has  been  learning 
mechanics  long  before  he  commenced  the  study  of  its  systematic 
laws.  He  has,  as  was  before  said,  been  experimenting  on  the 
subject  from  his  infancy ;  and  his  experiments  have  been  so  crude 
and  irregular,  that  almost  every  conclusion  derived  from  them 
involves  a  certain  amount  of  error. 

Not  until  a  very  considerable  progress  be  made  in  the  study  of 
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mechanics,  is  the  full  extent  of  this  disadvantage  perceived.  The 
science  may  be  approached  with  a  perfect  willingness  to  acquiesce 
in  its  doctrines,  but  the  perversion  of  undigested  experience  creates 
diflSculties  and  prejudices  which  not  tlie  will  merely,  but  great 
mental  strength  and  long-continued  mental  habit  also,  are  required 
to  overcome.  It  becomes,  then,  a  matter  of  great  importance  to  the 
student  to  ascertain  before-hand  the  precise  nature  of  these  preju- 
dices and  difficulties.  They  are  manifold  :  and  before  they  can  b« 
fully  understood,  some  idea  must  be  acquired  of  the  character  of 
the  evidence  on  which  the  conclusions  of  the  theory  of  mechanics 
are  founded. 

This  evidence  is  of  several  kinds  :  that  which  will  most  influence 
the  tyro — that  which  will  always  he  most  valid  in  popular  estima- 
tion— is  the  weight  of  authorities.  The  testimony,  however,  of  great 
names,  high  as  it  is  in  itself,  is  by  far  the  lowtst  kind  of  evidence 
of  the  truths  of  mechanics.  A  sciolist  will  stop  the  mouths  of 
those  who  know  as  little  or  less  tlian  himself,  by  quoting  the 
autiiority  of  Newton,  Leibnitz,  Euler,  the  Bernouillis,  Lagrange 
Laplace,  or  Poisson.  The  man  of  science  cannot  be  so  answered. 
To  him — to  no  one  else  so  much— tlie  ideas  of  these  master-minds 
are  of  the  highest  importance ;  but  tliey  do  not  work  conviction. 
Between  the  effect  of  Newton's  dictum,  and  of  the  greater  part  of 
Newton's  reasoning,  there  exists  that  immeasurable  difference  which 
intervenes  between  a  very  higli  probability  and  absolute  certainty 
In  the  absence  of  more  exact  information,  the  mere  knowledge 
that  a  certain  conclusion  is  supported  by  the  opinion  of  one  or 
more  of  the  great  founders  of  the  science,  will  and  ought  of  itself 
be  a  strong  argument,  but  not  an  insuperable  one.  To  assert  that 
the  authorities  were  fallible,  is  merely  to  assert  that  they  were 
human,  and  that  science  is  progressive^ 

Another,  and  a  higher,  though  not  the  highest,  evidence,  is  that 
derived  from  comparing  the  remote  predictions  of  theory  with 
actual  observations.  Let  us  cite  an  instance.  Mathematicians 
infer  from  the  law  of  gravitation,  that  the  earth  moves  round  the 
sun  in  an  elliptic  orbit,  if  the  very  small  perturbations  arising 
from  the  influence  of  other  celestial  bodies  be  neglected.  This 
prediction  as  to  the  eartli's  course  is  so  remote  a  consequence  of 
theory,  that  it  could  nut  have  been  immediately  foreseen — the 
theory  could  not  have  been  shaped  merely  to  meet  this  particular 
case.  Now,  the  knowledge  of  the  earth's  actual  course  depends  on 
the  evidence  of  mere  eye-sight,  and  may  be  ascertained,  inde- 
pendently of  all  theory,  by  purely  practical  observations.  How 
far,  then,  do  these  observed  results  verify  the  theoretical  anticipa- 
tions.?  "If  we  trace  on  paper,"  says  Sir  J.  Herschel,  "an  ellipse, 
ten  feet  in  diameter,  to  represent  the  orbit  in  which  the  earth  is 
moving  about  the  sun,  and  if  we  trace  by  its  side  the  path  actually 
described  in  its  revolution  around  the  sun,  the  difference  between 
he  original  ellipse  and  the  curve  actually  described  is  so  excessively 
tminute,  that  the  nicest  e.mmination  with  inicrosccpes  continued 
along  the  outlines  of  the  two  curves,  would  hardly  detect  any 
perceptible  interval  between  them." 

Again,  it  is  known  that  tlie  solar  orbit  slowly  changes  from  age 
to  age.  The  effect  of  this  variation,  Laplace  showed  to  be  that  the 
moon  moves  more  rapidly  around  the  earth  now  than  it  did  in 
remote  times.  This  result  of  theory  is  exactly  verified  by  obser- 
vation. It  has  been  ascertained,  from  the  records  of  ancient  lunar 
eclipses  observed  by  the  Chaldean  astronomers,  and  subsequently 
by  the  Arabian  astronomers  in  tlie  eighth  and  ninth  centuries,  that 
the  moon's  mean  motion  is  increasing  by  about  eleven  seconds  in 
a  century. 

The  action  of  pendulums,  the  most  delicate  and  refined  instru- 
ments used  for  scientific  purposes,  exemplifies,  in  a  wonderful 
manner,  the  predictive  power  of  mechanical  philosophy.  The 
earth's  rotation  causes  bodies  at  the  equator  to  be  acted  upon 
by  a  centrifugal  force,  in  the  contrary  direction  to  their  weight ; 
it  is  clear,  therefore,  that  their  tendency  towards  the  earth  is 
diminished.  The  value  of  this  diminution,  as  also  of  its  effects 
on  the  vibration  of  pendulums,  is  determined  by  theoretical  cal- 
culations, which  take  into  account  a  large  number  of  indepmdent 
considerations — the  earth's  radius,  spheroidal  attraction,  the  in- 
ertia of  the  pendulum,  the  effects  of  thermometric  expansion, 
the  barometrical  pressure,  the  resistance  of  the  air;  &c.  By 
most  elaborate  processes,  then,  it  is  determined  that  the  Same 
pendulum  which  beats  seconds  in  London  (that  is,  vibrates 
86,400  times  in  the  twenty-four  hours),  ought  to  make  fewer 
vibrations  by  about  I-IO  at  the  equator.  Also,  the  number  of 
vibrations  which  this  pendulum  ought  to  make  in  various  other 
latitudes,  north  and  south  of  England,  have  been  computed ; 
and  the  results  have  been  confirmed  by  observation,  in  a  re- 
markable manner.  •  Pendulums,  constructed  with  the  greatest 
care,   have  been  carried  from   London  to  many  places  on  the 
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eaitli's  surface,  anil  their  perfdrmances  observed  witli  extreme 
CHution.  The  discrepancies  observed  between  tliese  results  and 
those  of  theory  are  so  minute,  that  no  one  but  a  mathematician 
would  refjard  them ;  and  he  successfully  ascertains  that  they 
arise  from  incidental  circumstances,  wholly  independent  of  theo- 
retical computations. 

Such  results  are  magnificent  exhibitions  of  the  powers  of  the 
mechanical  sciences.  The  tests  of  their  accuracy  are  immea- 
surably more  varied,  more  numerous,  and  more  minute,  severer, 
lonjrer  continued,  and  executed  on  a  ^-ander  scale,  than  those 
to  which  any  other  natural  science  is  subjected.  But  the  accu- 
racy of  a  system  is  not  absolutely  proved  by  the  circumstance 
that  in  any  finite  number  of  instances  it  leads  to  rij;ht  con- 
clusions. It  is  possible — though  excessively  improbable — that 
this  accuracy  is,  in  every  case,  merely  the  result  of  fortu- 
nate guesses.  And  this  view  of  the  subject  is  not  so  very 
unnatural,  when  it  is  remembered  that  such  fortuitous  anticipa- 
tions, though  very  remarkable,  are  by  no  means  uncommon,  and 
that  some  of  the  most  important  laws  of  mechanics  were  won- 
derfully felicitous  conjectures  long  before  they  were  demonstrated 
truths. 

The  absolute  certaintj-,  then,  of  mechanical  science  must  rest 
on  yet  higher  grounds.  Its  su))reme  authority  consists  in  this — 
that  all  its  conclusions  are  rigonmsly  logical  inferences  from 
indisputable  elementary  laws.  The  iihilosopher  has  a  right  to 
deriiuiid  unreserved  credence  so  far,  and  only  so  far,  as  he  can 
establish  such  inferences.  The  demonstrative  truth  of  his  results 
depends  on  the  answers  to  these  two  questions — Are  the  ele- 
mentary laws  indisputable  ? — Are  the  deductions  from  them 
rigorously  logical .''  These  are  the  two  bases  of  the  whole  evi- 
pence.  Let  them  be  considered  in  their  respective  order,  for  the 
right  comprehension  of  them  will  gi-eatly  facilitate  the  object 
proposed  in  the  present  inquiry — namely,  to  explain  tb.e  prelimi- 
nary difficulties  of  the  study  of  mechanics. 

First,  as  to  the  elementary  laws :  their  peculiar  characteristics 
constitute  the  very  perfection  of  the  science.  In  number  they 
are  so  few,  that  a  priori  it  seems  impossible  to  build  upon  them 
any  system  of  great  extent :  in  nature  they  are  so  simple  and 
a]>j)arent,  that  the  mere  enunciation  of  them  necessarily  carries 
with  it  immediate  assent.  These  fundamental  principles,  regu- 
lating the  minutest  and  the  grandest  phenomena  of  the  material 
world,  are  yet  detected  at  once  on  the  most  imperfect  and  careless 
observation  of  the  operations  of  nature.  They  are  inductions, 
either  from  the  rudest,  or  from  the  most  refined,  experiments. 
Indeed,  it  is  sometimes  difficult  to  perceive  that  our  knowledge 
of  them  is  experimental  at  all,  and  not  intuitive; — at  this  very 
moment,  there  are  controversialists  who  believe  them  to  be  mere 
axioms  or  self-obvious  truths,  innately  perceived  in  the  mind, 
and  not  acquired  frqpi  sources  external  to  it. 

And  here  it  is  necessary  to  establish  a  distinction  between  these 
fundamental  laws  and  tlieir  ultimate  causes.  With  the  lattei",  the 
mechanical  philosopher  has  no  concern  :  he  seeks  only  to  ascertain 
and  trace  the  effects  of  the  rules  by  which  material  bodies  are 
observed  to  operate  on  eacli  other ;  but  causation  or  speculation 
.•as  to  the  modus  operandi,  forms  no  part  of  his  inquiry.  That 
heavy  bodies  are  drawn  towards  the  earth  when  unsupported,  is  a 
fact,  of  which,  notwithstanding  its  constant  occurrence,  no  expla- 
nation has  ever  yet  been  given.  A\''ere  we  not  so  familiar  with 
this  phenomenon,  it  would  appear  very  wonderful,  that  one  body 
should  approach  another  without  any  communication  between  tlie 
two,  or  any  visible  cause  of  the  motion.  To  say  that  it  is  due  to 
the  earth's  attraction  or  gravity,  is  merely  to  give  a  name  to, 
not  an  explanation  of,  the  mystery.  Again,  who  can  tell  what 
mighty,  unseen  chain  binds  this  ear,th  to  move  for  ever  in  a  cer- 
tain orbit  round  a  body  ninety-five  millions  of  miles  distant? 
Planets  and  satellites,  apparently  isolated  in  space,  separated  from 
all  other  bodies  by  distances  M4iich  the  mind  is  utterly  incapable 
of  recognising,  move  on  from  age  to  age  in  tlieir  predestined 
courses ;  yet,  so  silently,  that  no  moi-tal  ear  ever  yet  heard  the 
sound  of  their  mighty  mechanism.  Man,  indeed,  discerns  its 
minutest  operations,  and  from  their  regular  recurrence  learns 
to  jn-edict  them  with  unfailing  accuracy ;  but  the  secret  agency 
which  pervades  and  guides  the  wliole  system,  remains  an  un- 
searched,  an  unsearchable,  mystery  for  ever. 

The  harmonious  concord  of  nature,  however — her  consistency 
and  never-failing  regularity — these  are  questions  within  the  pro- 
vince of  mathematical  reasoning,  and  these  are  the  questions  upon 
which  the  evidences  of  mechanical  science  rest.  Let  it  be  ascer- 
tained that  the  laws  of  matter  are  unchangeable  and  univer.sa], 
and  a  system  may  be  founded  on  those  \a\\^,  which  can  never 
be  shaken  by  speculations  as  to  their  ultimate  causes. 


Such,  then,  are  the  premises  from  which  the  mechanical  philoso- 
pher reasons.  The  only  remaining  (|uestion  as  to  evidence  is  this 
— are  the  inferences  from  tliem  rigorously  logical.' 

The  premises  are  obtained  by  induction,  the  inferences  by  de- 
duction. The  premises,  as  has  just  been  said,  are  arrived  at  by 
comparing  a  great  number  of  natural  phenomena,  and  extracting 
the  simple  principles  common  to  them  all.  This  is  the  process 
of  induction,  which  reasons  by  analogy  from  examples.  All  the 
physical  sciences  derive  their  origin  from  this  source ;  for  how 
are  we  to  contrive  a  physical  science — that  is,  how  are  we  to 
reduce  any  class  of  natural  phenomena  to  a  regular  system — 
unless  by  ascertaining,  from  luiture  hei'self,  the  primary  laws 
by  which  she  acts.'  It  is  clear,  that  if  a  man  did  not  look  out 
of  himself,  into  the  external  world,  for  this  elementary  know- 
ledge, his  system  would  be  nothing  more  than  an  ingenious  fig- 
ment of  liis  own  brain. 

But  the  appliration  of  the  primary  laws  depends  on  another 
kind  of  logic  than  that  of  induction.  Now,  we  no  longer  reason 
by  analogy — no  longer  refer  to  examples — no  longer,  indeed,  draw 
knowledge  from  the  external  world.  Nature  has  furnished  the 
premises ;  the  mind  of  man  depends  on  itself  alone  for  the  in- 
ferences. These  are  deductive  from  that  application  of  logical  syl- 
logisms to  abstract  propositions,  which  is  no  other  than  the  pro- 
cess oi  common-sense. — the  very  highest  kind  of  reasoning  of  which 
the  human  mind  is  capable.  It  is  not  within  our  present  scope 
to  discuss  the  principle  on  which  deductive  reasoning  depetids, 
further  than  by  explaining,  that  it  may  alwaj's  be  immediately 
referred,  or  ultimately  reduced,  to  the  Aristotelian  dictum,  de 
omni  et  nulla — what  is  universally  true  of  a  class  of  things,  is 
true  of  anything  in  that  class.  It  is  not  necessary,  however, 
to  examine  minutely  here  this  logical,  or  rather  metaphy- 
sical, question :  it  is  enough  for  our  purpose  that  there  are 
certain  primary  truths  which  the  mind  universally  recognises,  cer- 
tain elementary  methods  of  combining  them,  the  validity  of  which 
is  as  certain  to  every  man  as  his  own  consciousness, — and  that 
on  these  primary  truths  and  these  elementary  methods  the  in- 
ferences of  mechanical  science  exclusively  depend. 

Of  course,  the  full  effect  of  these  considerations'  can  be  per- 
ceived only  in  the  actual  study  of  the  science  itself.  But  we 
are  now  in  position  to  explain  the  difficulties  which  originally 
retarded  its  progress,  and  which,  even  now,  constitute  the 
greatest  obstacles  to  the  student's  progress.  Geometry,  it  was 
mentioned,  became  a  systematic  science,  while  mechanics  re- 
mained obscure  and  confused.  If  the  preceding  attempt  to 
explain  the  foundations  on  which  the  latter  science  depends,  have 
been  at  all  successful,  the  i-eason  of  the  earlier  development  of 
geometry  will  readily  suggest  itself.  One  of  the  elements  of 
mechanical  investigation — experimental  induction — was  wholly 
wanting  in  geometry.  It  is  needless  here  to  inquire  whether 
any  of  the  primary  ideas  of  this  science  also  be  derived  from 
experience :  we  may  well  be  anxious  to  avoid  a  discussion  of 
those  essential  affinities  and  distinctions  between  the  objective 
sciences,  respecting  which  such  men  as  Bacpn,  D'Alembert, 
Diderot,  Locke,  Adam  Smith,  Dugald  Stewart,  Turgot,  &c., 
have  been  unable  to  agree.  But  this  is  readily  seen,  and  is 
of  itself  quite  sufficient  to  exjilain  the  comparatively  rapid 
development  of  geometry — that  its  progress  was  not  impeded 
by  difficulties  incident  to  the  advancement  of  mechanics — the 
necessity  of  making  experiments,  and  of  selecting,  from  an 
overwhelming  abundance  of  results,  those  which,  from  their 
universality  and  precision,  might  be  made  the  foundations  of 
the  new   science. 

The  same  difficulties  occur  to  the  student  now.  He  ap- 
proaches the  study  of  geometry  with  an  unprejudiced  mind : 
whatever  previous  ideas  of  space,  form,  and  distance  he  has 
acquired,  may  be  confused  and  imperfect,  but  they  cannot 
be  positively  erroneous.  Geometry  contains  no  secret  principles, 
detected  only  by  their  effects;  all  its  subjects  are  so  obvious 
and  palpable,  that  any  direct  mistake  respecting  them  would 
be  certain  to  soon  detect  itself.  But  of  mechanics,  almost 
every  doctrine  is  unconsciously  prejudicated  before  the  com- 
mencement of  its  systematic  study :  here  is  a  secret  principle, 
undetected,  except  by  its  effects — an  invisible  agent,  kobcu 
of  which  the  existence  is  ascertained  only  by  experience  of 
its  operations,  :ind  of  which  the  ultimate  nature  is  altogether 
unknown. 

The  great  task,  then,   which  the    student  of  mechanics  must 
perform,  is  to  refer  every  problem  to    first    principles :    to    re 
train    from    appealing    to    his    own    physical    notions,    acquired 
accidentally  and  witliout  method.     Not  that  he    is  required  to 
give  up  the  right  of  private  judgment,    or    subject    it,    uncon- 
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vinced,  to  a  fixed  standard.  Thus  far  only  is  he  called  upon 
to  yield  to  the  experience  of  his  predecessors  in  the  same 
pursuit — to  give  credence  to  their  assertion  that  all  the  know- 
ledere  which  he  requires  may  he  deri-\-ed  from  the  elementary 
principles  which  they  lay  down.  The  accuracy  of  those  prin- 
ciples, and  the  legitimacy  of  the  inferences  from  them,  he  must 
determine  for  himself  hv  the  effort  of  his  own  mind,  indepen- 
dently of— if  he  please,'  in  defiance  of— the  influence  of  stan- 
dard authorities. 

By  adopting-  the  method,  here  insisted  upon  as  all-important, 
of  referring  every  question  to  a  few  first  principles,  his  science 
becomes  a  connected  chain  of  reasoning,  and  acquires  the  two 
great  advantages  of  method,  certainty  and  facility — certainty  of 
the  accuracy  of  his  knowledge,  facility  in  applying  it.  This 
power,  however,  of  tracing  the  mutual  connection  of  the 
several  parts  of  mechanics,  and  the  ultimate  dependence  of 
each  part  upon  elements  common  to  them  all,  is  to  he  ac- 
quired only  hy  long-continued  habit.  There  are  certain  prac- 
tical difficulties  however  in  the  exercise  of  it,  of  which  the  student 
ought  to  be  forewarned,  and  Mhich  act  as  snares  upon  his  judg- 
ment ;  oftentimes  inducing  him  to  believe  that  he  traces  a  logical 
consequence  where  none  in  reality  exists. 

Of  these  sources  of  error  in  the  pursuit  of  mechanical  science, 
the  most  important  are  included  among  Bacon's  idola  fori— idols  or 
fallacies,  of  which  the  power  arises  in  the  forum  or  common  inter- 
course of  mankind — the  defects  of  words — the  names  c*  non-exist- 
encies,  or  confused  names  of  existencies.  Language  can  never  be 
so  perfectly  refined  as  to  avoid  entirely  this  disadvantage,  for  while 
the  subtlety  of  nature  is  infinite,  the  subtlety  of  words  is  finite, 
and,  in  general,  serves  only  to  nominate  general  ideas,  and  not 
their  minutest  distinctions.  In  erecting  the  lofty  edifice  of  science 
on  so  narrow  a  basis  as  a  few  elementary  definitions  and  axioms, 
extreme  exactness  in  the  use  of  words  is  therefore  requisite  ;  and 
beautifully  is  it  said,  that  when  we  attempt  to  rear  a  temple  to 
heaven,  we  must  not  be  unmindful  of  the  confusion  of  languages. 

Of  no  science  have  the  principles  been  subject  to  more  vehement 
and  learned  debate  than  mechanics  ;  yet  most  of  these  debates 
have  been  ultimately  discovered  to  be  mere  logomachies — disputes 
about  words — which,  it  is  therefore  reasonable  to  suppose,  would 
never  have  arisen  had  it  been  possible  originally  to  give  sti-ict  de- 
finitions of  the  terms  involved.  Perhaps  the  most  instructive 
example  of  a  learned  controversy  turning  out  to  be  a  mere  strife 
of  words,  is  that  resi)ecting  Vis  Viva — a  term  retained  in  modern 
science  as  a  mere  technicality,  of  which  the  interpretation  does  not 
depend  on  any  mechanical  knowledge,  but  is  purely  conventional 
and  arbitrary.  The  following  account  of  the  controversy  is  taken 
from  AValton's  "  Mechanical  Problems,"  a  work,  the  value  of  which 
to  the  English  student  of  the  physical  applications  of  mathe- 
matics, it  would  be  difficult  to  over-estimate  : — 

"  Leibnitz  contended,  in  opposition  to  the  received  doctrines  of 
the  Cartesians,  that  the  proper  measure  of  the  \'is  Viva,  or 
Moving  Force  of  a  body,  is  the  product  of  the  mass  into  the  square 
of  the  velocity;  the  measure  adopted  by  the  disciples  of  Descartes 
having  been  the  same  as  that  of  the  Quantity  of  Motion — namely, 
the  product  of  the  mass  and  the  first  power  of  the  velocity.  This 
contrariety  of  opinion  in  respect  to  the  estimation  of  Moving 
Force,  gave  rise  to  one  of  the  most  memorable  controversies  in  the 
annals  of  philosophy  ;  almost  all  the  mathematicians  of  Europe 
ultimately  arranging  tliemselves  as  partisans,  either  of  the  Car- 
tesian or  Leibnitzian  doctrine.  Among  the  adlierents  of  Leibnitz 
may  be  mentioned  John  and  Daniel  Bernouilli,  Poleni,  'sGrave- 
sande,  Camus,  Muschenbroek,  Papin,  Hermann,  Bulfinger,  Koenig, 
and  eventually  Madame  du  Chatelet ;  while  in  the  opposite  ranks 
may  be  named'  Maclaurin,  Clarke,  Stirling,  Desaguliers,  Catalan, 
Robins,  Mairan,  and  Voltaire.  *  *  «  *  The  memorable 
controversy  of  Vis  Viva,  after  raging  for  the  space  of  about  thirty 
years,  was  finally  set  at  rest  by  the  luminous  observations  of 
D'Alembert,  in  the  preface  to  his  '  Di/namique,'  who  declared  the 
whole  dispute  to  be  a  mere  question  of  terms,  and  as  having  no 
possible  connection  with  the  fundamental  principles  of  mechanics. 
Since  tlie  publication  of  D'Alembert's  work,  the  term  Vis  Viva  has 
been  used  to  signify  merely  the  algebraical  product  of  the  mass  of 
a  mo\'ing  body  and  the  square  of  its  velocity  ;  while  the  words 
Moving  Force  have  been  universally  employe'd,  agreeably  to  the 
definition  given  by  Newton  in  the  '  Principia,'  in  the  signification 
of  the  product  of  the  mass  of  a  body  and  the  accelerating  force 
to  which  it  is  conceived  to  be  subject:  'no  physical  theory  whatever, 
in  regard  to  the  absolute  nature  of  the  force,  being  supposed  to  be 
involved  in  these  definitions." 

Technicalities  expressing  the  elementaiy  ideas  of  mechanics  are 


idola  fori  belonging  to  the  commencement  of  the  science :  other 
and  different  difficulties  of  language  occur  in  its  ultimate  conclu- 
sions. Among  the  remote  results  of  elaborate  investigation  are 
certain  general  theorems,  exceedingly  extensive  and  useful  in  their 
application ;  but  which,  if  inaccurately  enunciated,  may  be  made 
to  include  cases  which  do  not  belong  to  them,  and  exclude  others 
legitimately  within  their  province.  These  difficulties  may  be 
termed  questions  of  jurisdictions.  When  the  language  of  a  general 
theorem  does  not  indicate  with  precision  its  jurisdiction  over  any 
particular  case,  or  its  proper  mode  of  application  to  it,  the  only 
legitimate  mode  of  arriving  at  a  decision  is  by  tracing  the  processes 
by  which  the  theorem  itself  has  been  arrived  at,  and  considering 
whether  the  particular  case  in  question  was  contemplated  in  them. 
The  general  mechanical  theorems  have  so  vast  and  varied  applica- 
tions, that  the  bare  enunciation  of  them,howe\'er  carefully  expressed, 
is  utterly  insufficient  to  convey  to  the  student's  mind  an  idea  of 
all  their  consequences.  Their  actual  operation,  and  the  boundaries 
which  define  their  power,  qiios  utra  citruque  nequit  consistere  rectum., 
can  be  fully  learned  only  by  actual  practice.  In  this  respect,  the 
science  of  jurisprudence  presents  a  striking  analogy.  We  are  accus- 
tomed to  reverence  the  common  law  of  England  as  the  accumulated 
wisdom  of  ages — the  combination  of  the  most  subtle  sagacity  and 
the  most  extensive  experience.  But  who  does  not  know  that  a 
bare  acquaintance  with  the  gener.al  principles  of  law  is  practically 
insufficient  for  the  solution  of  particular  cases — that  amidst  the 
infinite  variety  of  combinations  to  which  the  business  of  life  gives 
rise,  the  abstract  rule  cannot  be  successfully  applied  without  a  cer 
tain  intellectual  dexterity,  which  long  experience  and  constant 
practice  alone  confer.'' 

The  importance  to  the  mechanical  student  of  expertness 
similarly  acquired,  can  scarcely  be  o\'er-rated.  His  efforts 
should  be  incessantly  exerted  in  the  application  of  mechani- 
cal principles  to  the  direct  solution  of  problems  ;  and  it  is 
scarcely  too  much  to  assert,  that  his  knowledge  of  the  science 
will  be  proportional  to  the  number  of  problems  wliich  he 
►solves.  The  most  trivial  incidents  of  his  every-day  life — every 
weight  which  he  moves,  every  action  of  his  muscles,  suggest 
cases  fruitful  with  instruction  respecting  the  laws  of  force. 
There  is  not  a  single  spot  in  the  material  world,  free  from 
the  influence  of  force  ;  and  he  has  hut  to  look  around  him, 
to  discern  innumerable  instances  in  which  the  rationale  of 
their  action  may  be  investigated,  and  the  consequences  of 
them  predicted.  This  unintermitted  habit  of  ransacking  the 
stores  of  nature,  of  tracing  the  most  trivial  and  tlie  grandest 
of  her  operations  to  first  principles,  strengthens  and  confirms 
the  power  of  investigation,  and  reduces  those  effects  of  the 
material  laws  which  on  a  superficial  view  appear  confused  and 
disconnected,  to  one   harmonious  and  simple  system. 

Another  class  of  errors  peculiarly  incident  to  our  science,  is 
that  arising  from  incorrectness  of  data — the  neglect  of  operating 
causes,  either  from  absolute  oversight  or  from  an  impression  that 
their  effect  is  inconsiderable.  The  first  of  these  mistakes  will 
seldom  be  made,  except  by  an  inexperienced  student ;  and  may 
be  altogether  avoided  by  practice  and  care  in  conceiving  the 
exact  nature  of  the  question  before  him.  As  a  useful  pre- 
caution against  this  difficulty,  he  should  habituate  himself  to 
test  the  accuracy  of  his  conclusions  by  particular  instances,  and 
by  varying  this  test  within  the  widest  legitimate  limits.  If,  in 
any  one  instance,  his  general  investigations  lead  to  an  absurd 
consequence,  they  are  themselves  erroneous ;  and  it  «ill  be  ne- 
cessary to  re-exanvne  them,  and  ascertain  at  what  step  the 
error  arose. 

There  are  more  difficult  cases,  however,  where  the  neglect 
of  data  arises,  not  from  oversight,  but  from  necessity — where 
the  complexities  of  the  question  are  such,  as  to  render  its 
solution  impracticable  without  hypothetical  simplifications.  In 
all  such  instances,  the  in\  estigator  must  remember  that  he  is 
solving,  not  a  question  of  real  existence,  but  an  artificial  case — 
making  the  nearest  approach  to  it  which  his  powers  of  inves- 
tigation permit.  In  practical  mechanics,  this  consideration  is 
especially  important ;  and,  as  a  general  rule,  no  such  hypothe- 
tical simplification  should  be  admitted — or  at  least  acted  upon — 
without  some  estimate  of  the  limits  of  the  error  which  it  may 
possibly  induce. 

Complicated  mathematical  formulse  are  wholly  unsuited  for  the 
practical  application  of  mechanics,  on  account  of  the  refine- 
ment and  exactness  of  both  workmanship  and  computation  which 
they  require.  The  only  formulse  which  the  practical  artisan 
or  mechanic  will  truist,  are  those  which  he  can  readily  apply, 
and  which  afford  a  margin  for  all  the  diversified  circumstances 
of  practice,  unavoidable  and  unknown  imperfections  of  materials, 
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and  other  irregularities  of  detail.  The  method  of  determining 
results  between  certain  limits,  has  the  advantage  of  leaving 
such  a  iiiiirgin,  and  will  therefore  be  frequently  emjiloyed  in 
tlie  following  pages.  Among  its  incidental  recommendations 
is  this, — that  it  genetall^  gives  great  simplicity  to  formulse 
which   otherwise  would  bC^jpxceedingly  complicated. 

It  is  not  within  the  compass  of  the  present  work,  restricted 
in  the  use  of  mathematical  language,  to  give  a  systematic  de- 
velopment of  the  whole  science  of  mechanics  :  its  principal  aim 
is  to  explain  those  parts  of  the  science  which  »re  of  tlie  most 
direct  economical  importance,  and  to  assume  as  little  previous 
knowledge  as  possible  on  the  part  of  the  reader.  He  must 
be  forewarned,  however,  that  in  solving  mechanical  problems, 
the  difficulty  does  not  wholly  consist  in  determining  the  nature 
of  the  forces  supposed  to  act — but,  in  a  great  degree,  in  as- 
certaining the  position  of  the  several  parts  of  the  system  at 
wliieh  they  are  applied.  This  latter  difficulty  is,  of  course, 
only  to  be  overcome  by  a  competent  knowledge  of  pure  geo- 
metry. Galileo,  the  father  of  modern  mechanical  philosophy, 
has  explained  this  point  with  like  accuracy  and  eloquence.  Lit 
filosofia — says  he,  in  his  Saggiatore — (■  scritta  in  questo  grandu- 
tivio  liliro,  che  cuntinuamente  vi  sta  aperto  iimanzl  agli  occhi,  ma 
nan  si  pud  iiiteiirierc,  se  prima  non  s'impara  a  intender  la  lingua 
e  conoscer  i  caratleri,  ne  quali  e  scritto.  Egli  e  srritto  in  lingua 
matetnatica,  e  i  caratleri  son  triangoli,  cerchi,  ed  ultre  figure  geo- 
vietriche :  senza  questo  e  un  aggirarsi  vanamente  per  un  oscuro 
laliirintn* 

The  Elements  of  Euclid  are,  and  it  may  be  safely  assumed 
always  will  be,  the  best  foundation  of  the  study  of  geometry.  Un- 
rivalled simplicity  and  perspicuity  recommend  this  work  as  an 
elementary  treatise  ;  its  method  and  precision  claim  for  it  the 
higliest  position  among  works  devoted  to  the  exact  sciences. 
The  lirst  four  and  the  sixth  books  should  be  thoroughly  mas- 
tered ;  and,  above  all,  the  intelligent  student  will  endeavour 
to  imbue  himself  with  the  spirit  of  Euclid, — to  trace  the  unin- 
terrupted current  of  his  reasoning,  from  the  fountain-head  (the 
axioms  and  definition)  to  the  final  conclusions.  It  is  the  dis- 
tinct dependence  of  inferences  on  their  premises,  which  renders 
Euclid  invaluable  in  disciplining  the  mind  into  a  habit  of  logical 
and  consecutive  reasoning.  The  beginner  will  sometimes  meet 
with  propositions  so  simple  and  obvious,  that  it  appears  an  idle 
waste  of  time  to  prove  them — let  those  propositions  be  his  es- 
pecial study  :  when  he  has  mastered  their  demonstrations,  he  will 
see  that  Euclid's  intention  was — not  to  explain  trivial  truths, 
but  to  show  how  they  might  be  deduced  as  necessary  conse- 
quences of  his  principles.  The  familiar  study  of  this  ancient 
work — it  has  stood  its  ground  against  all  attempts  at  improv- 
ment  for  two  thousand  years — will  gradually  induce  a  ma- 
thematical habit  of  mind,  and  a  right  appreciation  of  the  real 
nature  of  proof — of  that  which  not  merely  does,  but  ought  to, 
produce  conviction. 

As  preliminary  to  the  study  of  mechanics,  some  knowledge 
of  the  elements  of  trigonometry  is  requisite.  The  history 
of  mechanical  science  will  also  affords  important  facilities  for 
mastering  its  principles.  The  full  value  of  a  scientiiic 
theorem  is  not  appreciated  without  some  knowledge  of  the 
hard  struggle  by  which — so  to  speak — it  has  been  wrung  from 
nature.  The  wanderings  of  the  earlier  mathematicians,  their 
fruitless  labours  and  controversies,  their  slow  and  gradual  ap- 
proximations to  right  results,  reveal  the  subtle  nature  of  phy- 
sical truth,  the  narrow  boundaries  which  separate  it  from  error, 
and  the  necessity  of  maintaining  those  boundaries  inviolate. 

Dispute  respecting  the  laws  of  mechanics  is  no  longer  pos- 
sible. They  are  demonstrated  ;  and  to  attempt  to  make  them 
matters  of  controversy,  is  to  exhibit  ignorance  of  the  processes 
Ipy  which  they  have  been  ascertained.  "  We  have,  therefore," 
it  has  well  been  said,  "  no  sects  nor  parlies  in  mathematics ;  but 
they  abound  in  every  other  department  of  human  opinion."  And 
again,  "In  mathematical  questions,  where  relations  of  quantity 
alone  are  concerned^  a  dispute  can  be  completely  terminated  ; 
because,  from  wrong  premises,  or  false  reasoning,  a  contradic- 
tion can  be  at  least  shown  to  result." 

If,  then,  the  labours  which  perfected  the  science  of  mechanics 
— for  it  is  now  perfect — have  been  great,  if  its  study  now  task 
severely  the  highest  efforts  of  the  student's  mind,  are  not  the  results 
commensurate  f      The   revelations   of  pure   truth   in   its  most 

*  Philo-ophy  Is  written  in  that  greatest  of  books  which  stands  continuaily  npen  bsfoie 
the  eyes  of  men  [that  is,  the  universe],  but  cannot  be  l«arne<l  without  previous  prei  ara. 
tion  to  understand  the  language  and  decipher  the  characters  in  which  it  is  written.  It  is 
written  in  the  langunge  of  mathematics,  and  its  characters  are  triangles,  circles,  and 
other  geometrical  ligures;  without  which,  we  aliould  wander  in  vain,  through  mazes  and 
obscurity. 


attractive  forms — its  manifestations  in  the  grandest  phenomena 
of  nature,  and  the  proudest  achievements  of  art — these  are 
the  wages  of  philosophic  toil.  So  vast  are  tlie  domains  of  this 
science,  that  every  year  brings  tidings  of  new  and  rich  disco- 
veries within  it  :  while  its  applications  to  the  practical  wants 
of  men  are  ever  receiving  fresh  and  more  important  develop- 
ments— ever  creating  revolutions  more  extensive,  more  lasting, 
and  more  noble  than  those  of  politics  or  war. 


ARE  WE  TO  HAVE  AN  ARCHITECTURAL  EXHIBITION? 

Something  of  the  kind  seems  to  be  dawning  upon  us :  there  is 
what  just  at  present  looks  like  the  prospect  of  such  exhibition, 
though  it  may  after  all  turn  out  to  have  been  a  mere  unsubstan- 
tial and  deceitful  mirage.  In  proportion  as  we  are  anxious  that 
the  vision  should  be  realised,  we  feel  apprehensive  of  its  fading 
away  into  nothing.  We  learn  from  a  contemporary,  that  the 
"Architectural  Association"  purpose  to  "get  up  an  annual  archi- 
tectural exhibition."  Between  purposing  and  firmly  determining 
upon  a  scheme,  there  is  a  good  deal  of  difference,  more  especially 
when  the  ]>urposed  "getting  up"  is  likely  to  prove  very  up-hill 
work.  Thi^ remark  is  meant  not  to  discourage  so  much  as  to  sti- 
mulate. In  order  to  overcome  difficulties,  it  is  necessary  to  look 
them  boldly  in  the  face  at  once,  and  be  prepared  to  encounter 
them. 

The  "  Architectural  Association"  is  a  junior  society,  which  as 
yet  hardly  stands  before  the  public  at  all, — certainly  not  in  any  im- 
posing attitude.  It  has  no  royal  standard  to  hoist  in  the  form  of 
a  charter^the  chief  privilege  conferred  by  which  seems  to  be  that 
of  indulging  in  indolence  and  doing  nothing.  Yet,  if  it  have  no 
charter,  a  junior  and  youthful  society  has,  or  ought  to  have,  some- 
thing greatly  in  its  favour ;  for  it  may  be  presumed  that  it  pos- 
sesses zeal  and  energy,  of  both  which  much  will  be  required,  in 
order  to  carry  properly  into  effect  the  scheme  they  are  said  to  me- 
ditate. One  ([uestioii  for  consideration  is,  how  is  it  likely  to  be 
looked  upon  by  the  Institute .''  As  to  the  Royal  Academy,  that 
body  would,  no  doubt,  be  exceedingly  well  pleased  at  a  separate 
exhibition  for  architectural  drawings  and  models  being  establislied, 
since  they  would  thereby  be  almost  entirely  relieved  from  works  of 
that  kind,  which  it  is  evident  enough  they  take  in  very  reluctantly, 
and  treat  very  slightingly.  That  the  Institute  would  not  take 
umbrage  at  that  being  done  by  a  junior  society  which  they  have 
left  undone  (although  their  means  for  effecting  it  are  as  great,  or 
much  greater),  is  not  (juite  so  certain.  Apathetical  as  it  is,  the  Insti- 
tute might  yet  feel  something  like  awkward  compunction  and 
shame,  were  others  to  bestir  themselves  diligently,  and  venture 
upon  an  experiment  which,  should  it  succeed,  would  place  them 
before  the  public  more  prominently  than  the  Institute  itself  can 
boast  of  being. 

The  success  of  the  experiment,  however,  will  depend  very  much 
upon  the  manner  in  which  it  shall  be  made.  If  it  be  made  at  all, 
it  is  to  be  hoped  that  it  will  not  be  timidly  and  feebly. — And  it 
here  strikes  us  that  we  have  possibly  fallen  into  a  misoonception, 
since  what  the  "  Architectural  Association"  contemplates  may  be 
something  very  far  short  of  the  kind  of  exhibition  that  is  needed. 
If  it  is  to  be  one  confined  to  that  society's  own  members,  instead 
of  being  open  to  contributors  generally,  and  be  also  upon  such  n 
footing  as  to  admit  architectural  subjects  without  distinction  as  to 
the  nature  and  mode  of  them — such  technical  illustrations  as 
plans,  sections,  and  details,  as  well  as  those  more  pictorial  repre- 
sentations which  are  the  only  ones  received  by  the  Royal  Aca- 
demy— if,  we  say,  it  is  not  to  do  this,  it  will  fall  far  short  of  sup- 
plying a  main  desideratum.  Resting  entirely  upon  the  abilities  of 
the  members  themselves,  without  aid  from  other  quarters,  the  pro- 
posed exhibition  could  hardly  have  sufficient  stamina  and  sub- 
stance to  come  properly  before  the  public,  and  so  as  to  attract 
notice  and  claim  support.  Neither  would  anything  at  all  be  done 
towards  affording  the  opportunity  of  exhibiting  their  productions, 
to  the  many  who  are  excluded  from  the  Academy  on  account  of 
the  exceedingly  limited  accommodation  there  for  architectural  de- 
signs and  models.  At  present,  there  is  only  Hobson's  choice  for 
architectural  exhibitors, — either  the  Royal  Academy  or  nowhere. 
And  the  accommodation  at  the  Academy  for  works  of  the  kind  is 
totally  inadequate ;  for  while  only  a  comparatively  small  number 
of  them  can  be  hung  up,  not  above  a  third  of  them  can  be  hung  so 
that  they  can  really  be  looked  at.  Therefore,  what  with  the 
chance  of  being  turned  away  for  want  of  room,  or  else  of  being 
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thrust  out  of  sight,  it  is  not  greatly  to  he  wondered  at  if  many 
are  deterred  from  sending  anything  at  all.  To  such,  other  oppor- 
tunity of  exhibiting  would  be  welcome  ;  and  their  contributions 
would,  it  may  be  presumed,  be  equally  welcome  and  serviceable  to 
the  "Association.  Without  support  of  the  kind  from  otliers,  and 
the  extended  interest  so  created  for  the  success  of  the  undertaking, 
there  might  not  be  attraction  sufficient  to  produce  extraction — to 
wit,  of  shillings  from  the  pockets  of  the  lieges.  We  speak  merely 
upon  our  own  conjecture,  but  take  for  granted  that  the  exhibition 
in  question  would  require  the  usual  shilling  passport  for  admission 
to  it ;  because  otherwise,  the  public  would  be  excluded,  and  the 
exhibition  be  merely  a  private  one,  open  only  to  the  members  and 
their  friends,  so  that  any  good  result  as  to  diffusing  a  taste  for 
architecture  as  a  branch  of  design  would  be  frustrated. 

What  renders  it  so  highly  desirable  that  a  special  exhibition  of 
architectural  drawings  and  models  of  every  class  should  be  estab- 
lished is,  that  productions  of  the  kind  have  no  chance  of  ob- 
taining any  attention  so  long  as  paintings  are  to  be  seen  at  the 
same  place.  It  would  be  almost  unreasonable  to  expect  that  they 
should,  especially  at  the  Academy,  where  the  pictures  are  so  nu- 
merous that  they  alone  afford  quite  occupation  enough  for  several 
visits.  There,  the  architectural  subjects  are  scarcely  looked  at  at 
all,  except  just  by  those  who  make  them  their  chief  object.  Let  it 
then  be  fairly  tried,  whether,  when  withdrawn  from  its  eclipse 
at  the  Academy,  and  allowed  to  display  itself  in  a  different  orbit, 
it  has  really  no  power  of  attraction  for  the  many — we  do  not  mean 
the  mob,  but  those  (and  they  are  many)  who,  if  they  possess  not, 
affect  at  least  to  have  a  taste  for  art  generally. 

Supposing  that  the  "Association"  now  intend  to  bestir  them- 
selves in  good  earnest,  one  thing  which  they  ought  especially 
to  consider  beforehand  is,  that  architectural  drawings  require  pro- 
portionably  a  much  greater  space  for  exhibiting  them  than  pictures 
of  the  usual  kind  do, — because  they  require  to  be  inspected  as 
closely  as  miniatures  or  engravings ;  consequently,  little  more  than 
the  direct  line  of  wall  on  the  level  of  the  eye  can  be  made  avail- 
able for  the  purpose.  It  is  of  no  use — rather  a  mere  mockery — to 
profess,  as  the  Academy  does,  to  exhibit  productions  of  the  kind, 
and  then  hang  the  majority  of  them  where  it  is  only  by  great 
effort  that  their  subjects  can  be  made  out,  and  all  detail  is  com- 
pletely lost.  Mr.  Billings — who,  by-the-by,  at  the  opening  meet- 
ing of  the  present  season,  signified  the  Association's  intention  to 
get  up  the  exhibition  in  question, — observed  that  he  himself  had 
no  right  perhaps  to  grumble  at  the  Academy,  because,  of  eight 
drawings  which  he  sent  in  this  year,  seven  were  hung  up — but  four 
near  the  ceiling,  and  three  near  the  floor.  Considering  how  many 
subjects  of  his  were  admitted,  he  had  reason  to  look  upon  himself 
as  highly  favoured — if  it  be  any  favour  or  compliment  at  all  to 
have  drawings  received  merely  because  their  frames  happen  to  be 
just  the  size  to  fit  in  "  very  nicely"  with  others  on  the  same  part  of 
the  wall.  Such  must  ever  be  the  consequence  of  the  abominable 
dove-tailing  system  in  hanging  pictures  and  drawings,  which  fre- 
quently renders  it  necessary  to  put  a  good  subject  or  production 
in  an  unfavourable  situation,  or  else  an  inferior  one  in  a  good 
situation,  merely  because  no  other  places  where  they  would  so  well 
fit  in  can  be  found  for  them.  Possibly,  however,  our  advice  may 
he  altogether  superfluous,  since  it  is  possible  that  the  purposed 
exhibition  will  turn  out  to  have  been  a  mere  flash  in  the  pan. 


the  condition  y  :=  x  must  be  satisfied ;  and  for  no  other  point  can 
it  be  satisfied.    This  point  c'  must  be  found  by  repeated  trials. 


ON  A  READY  METHOD  OF  DETERMINING  THE 

WIDTHS  OF  LAND  REQUIRED  FOR  THE 

FORMATION  OF  A  RAILWAY. 

We  will  suppose  the  centre  line  to  be  staked  out,  and  the  dis- 
tance from  the  top  of  the  peg  to  the  intersection  of  the  slopes  to 
he  given.  Let  A  be  a  centre-stake,  at  which  the  half-widths  are 
to  be  determined  ;  B,  the  intersection  of  the  slopes  produced  ;  and 
rto  1,  their  ratio.  The  level  must  be  placed  at  some  point  D,  and 
the  line  of  collimation  adjusted  so  as  to  describe  a  horizontal  plane 
at  a  distance  a  B  above  the  point  B  (fig.  1),  for  a  cutting.  B  A  = 
K;  A  a  =  A;  e  c'  =;  a  c  :=  A',  the  reading  of  the  staff  when  stationed 
at  c'.     Then  we  have, 

Bc  =  Bo  —  ac  =  BA-(-Aa  —  ac=K4-A  —  A',  and  the 
length  of  the  horizontal  line  through  c'  =  cc'  =  a:'=::rX  Bc  = 

r{K  +  h  —  h')    =    r{K  +  h)  —  rh'  =  aa'  —  rh' (I) 

The  horizontal  distance  of  c'  from  a  B,  must  also  he  measured  with 
the  chain,  and  this  we  will  suppose  to  be  y.  It  is  evident,  that  at 
the  point  c',  where  the  slope  B  o'  meets  the  surface  of  the  ground, 


Fig.  1,— Cutting. 

In  the  case  of  an  embankment  (fig.  2), 

JT  =  r  X  B  c  =  r{K  —  h  +  h')  —  r  (K  -  A)  +  r  7.'  = 

rBa-|-j-ft'     :=     a(^  \  rK  (2) 

Hence,  whether  there  be  cutting  or  embankment,  we  must  deter- 
mine the  half- width  (aa^  at  the  level  of  the  line  of  collimation  ;  and 
in  making  repeated  trials,  we  have  nothing  more  to  do  than  multi- 
ply the  reading  of  the  level-staff  (/*')  for  the  slope  by  )•,  and  add 
the  product  to  a  a'  for  embankments,  or  subtract  it  for  cuttings,  to 
obtain  the  value  of  x,  which  must  be  compared  with  the  horizontal 
distance  (i/),  found  by  measurement  with  the  chain.  Repeated 
trials  must  be  made  until  a  point  is  discovered  which  satisfies  the 
condition  y  ■=  w. 


Fig.  2. — Embankment. 

Take,  as  an  example,  fig.  1,  which  is  a  cutting. 

B  A  =  K  =  26-2  ft. ;    A  =  2-13  ;  >•  =  1^ ; 

aa'=rxBa  =  r(K  +  A)  =  1^(26-2  -f  213)  =  42-5; 

let  the  staff  be  held  at  /',  and  suppose  the  reading  to  be  6'S  =  A' ; 

thenrA'  =  9-75;    and  j?  =//"  =  aa'  —  rh'  —  42-5  —  9-75  =  32-75. 

By  measurement  with  the  chain,  y  is  found  =  22-00 ; 

.-.  y  is  not  equal  to  x. 

Again,  suppose  the  reading  c'e  of  the  staff  ate'  to  be  10-7  =  A'  ; 

then  r  A'  =  16-05;         and  x  —  42-5  —  r  h' 

=  42-5  —  16-05  =  26-45  "> 
and  y  is  found  by  measurement  to  he  26-45/ 
.•.  y  z=  X ;  and  c'  is  the  point  sought. 
Example  of  an  Embankment. — Slopes  1|  to  1.     Let  K  =  42-36 ; 
A  =  2-43.      Then  (K  —  A)  =  B  a  =  42-36  —  2-43  =  39-93  ; 
and  aa'  =  rx  B a  =  1^  X  30-93  =  59-9. 
Suppose  the  reading  c'  e  of  the  staff  at  c'  to  be  10-05  =  A', 
then  rh'  =  15-07  ; 
X  =z  aa'  +  rh'  =  590  +  rh'  =  59-9  -|-  15-07  =  74-97 \ 
and  suppose  that  y,  found  by  measurement,  is  ;=  74-97  J 

then  c'  will  be  the  required  point. 
These  necessary  calculations  are  very  simple,  but  they  are  also 
very  numerous,  and  I  have  found  it  advisable  to  substitute  a  kind 
of  sliding  rule,  which  at  once  performs  the  multiplication  of  r  and 
A',  and  adds  the  product  to,  or  subtracts  it  from,  a  a'.  {Het 
figs.  3  and  4.) 
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A  long  scale  of  equal  parts  (H)  is  formed  at  the  edge  of  a 
groove,  and  another  (V)  slides  in  contact  with  this,  as  shown  in 
the  figures.  H  represents  the  horizontal  measurements  commonly 
taken  witli  the  chain,  and  should  e.xtend  from  0  to  about  150  feet. 
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Pip.  S. 
Slide  arranged  for  determining 
tlie  Widlh  of  a  Cutting. 


Fig.  4. 
Slide  arranged  for  determining 
the  Width  of  an  Embankment. 


If  the  instrument  be  made  of  box,  H  may  contain  10  feet  to  the 
inch,  and  each  foot  may  be  divided  into  5  equal  parts.     The  slide 

V  corresponds  to,  and  must  at  least  contain  as  many  feet  as  are 
marked  on  the  levelling-staff.  The  scale  on  V,  as  shown  in  the 
figures,  is  for  a  slope  of  1 J  to  1  ;  for  l^  foot  on  H  is  equal  to  1  foot 
on  V.     Other  slides  will  be  required  for  other  slopes. 

In  the  example  of  a  cutting  previously  calculated,  we  found  that 
'( n'  ■=  42-5  feet.  Bring  0,  on  slide  V,  opposite  42-5  on  H  (fig.  3). 
The  staff  is  set  up  at/',  and  the  reading  is  found  to  be  C-S.  Refer 
to  V  with  6-5,  and  opposite  this  point  we  find  x  =  32'8  on  H, 
without  any  calculation. 

But  the  measured  distance  y  is  22-00  ;     .".  y  is  not  =  .r. 

Again,  the  staff  is  set  up  at  other  points,  and  the  trial  repeated 
till  we  come  to  the  point  c',  where  the  reading  of  the  staff  (/»')  is 
10-7  feet.  Refer  to  V  with  10-7,  and  opposite  it  we  find  26-5  on  H, 
which  differs  only  by  the  4^t\i  of  a  foot  from  the  result  previously 
given  by  calculation. 

As  r  k  has  to  be  auhtracted  from  a  a'  in  cnttinff>.;  it  is  necessary 
for  the  scales  V  and  H  to  be  numbered  in  apjumte  directions,  as  in 
fig.  3.     But  in  eiiiha)ilcni(/iiti',  rh  must  he  arldvd  too  n',  and  the  scales 

V  and  II  must  increase  in  the  same  direction,  as  in  fig.  4.  This  is 
the  reason  why  the  slide  has  two  scales,  differently  numbered. 
Fig.  4  corresponds  to  the  numerical  examide  given  al)Ove  for  an 
embankment :  0  on  V  being  placed  opposite  59-9  on  II ;  and  10-05 
on  V  falls  opposite  75  on  H. 

AVe  liave  hitherto  supposed  that  zero  on  the  scale  V  is  placed 
opposite  a  a',  the  horizontal  width  at  the  level  of  the  line  of  col- 
limatinn.  Now,  the  value  of  a  o-  is  dependent  on  the  accidental 
position  of  the  level,  and  must  he  calculated  in  the  field.  Sup- 
pose, however,  that  the  half-\vidths  at  the  levels  of  the  centre- 
pegs  have  been  determined,  and  registered  previously  to  commenc- 
•og:  operations.     In  the  example  of  a  cutting  (fig.  1),  we  supposed 


B  A  to  be  =  K  =:t  26-2 :  .•.  the  half-width,  supposing  the  ground 
to  be  level,  =  r  K  =  1 1  X  26-2  :=  39-3  ;  and  h  was  taken  =  2-13. 
And  the  result  is  the  same, 

whether  we  place  2-13  (or  h)  on  V  opposite  39-3  on  H, 
or  0  on  V  (q)posite  42-5  on  H. 

The  first  method  will  be  found  the  best,  because  all  the  half- 
widths  at  the  levels  of  the  stakes  may  have  been  previously  deter- 
mined in  the  office.     The  same  may  be  said  of  fig.  4. 

It  will  be  found  convenient  to  have  an  index  capable  of  sliding 
along  11,  inde])endently  of  V,  and  capable  of  being  fixed  at  plea- 
sure. This  may  be  formed  partly  of  a  piece  of  horn,  or  other 
transparent  substance,  having  a  line  ruled  parallel  to  the  divisicms 
of  the  scales.  This  will  be  of  great  service  where  the  ground  ia 
very  sloping,  and  it  becomes  inconvenient  to  hold  the  levelling- 
staff  on  every  peg. 

If,  in  figs.  1,  aiul  2,  the  ground  had  been  so  low  that  the  top  of 
the  staff  c'  e  fell  below  the  line  of  coUimation,  it  would  have  been 
necessary  to  have  shifted  the  level,  and  a  a'  would  have  taken  a 
new  position  and  value.  It  will,  however,  be  found  an  easy  matter 
to  determine  B  o,  and  therefore  also  a  a\  in  all  cases  ;  and  0  on  V 
must  then  be  placed  ojiposite  this  value  of  a  a'  on  H. 

Or,  calculation  may  he  avoided  even  in  this  case.  Fig.  1.  Sup- 
pose the  first  reading  at  a  to  be  2-15,  and  the  half-width  at  the 
level  of  A,  39-3  feet.  Bring  2-15  on  V  opposite  39-3  on  H.  Let 
the  staff  be  held  at  any  point,  and  take  the  reading  9-55,  suppose. 
Slide  the  index  along  H  to  point  to  9-55  on  V. 

Remove  the  level  to  a  new  position  D',  and  adjust  it,  and  sup- 
pose the  back  sight  taken  in  the  ordinary  way  to  be  3-2.  Move 
the  scale  V,  so  that  the  index  points  to  3-2  on  V  ;  and  the  instru- 
ment is  adjusted  for  the  cross-section  at  A,  so  long  as  the  level  is 
not  disturbed. 

The  index  will  be  found  very  serviceable  where  it  is  not  conve- 
nient to  commence  levelling  from  every  centre-stake.  Suppose 
the  centre-pegs  to  be  one  cliain  apart,  and  that  the  gradient  rises 
5  in  every  chain. 

We  have  seen  that  the  distance  Bn  of  the   horizontal  plane 
through  a  a'  from  B  is  :=  H  -|-  A  (fig.  1),  as  the  gradient  is  sup- 
posed to  rise  5  feet  in  a  chain,  at  a  point  corresponding  to  B ;  but 
a  chain  from  it,  the  new  value  of  n  B  becomes  (K  -|-  h  —  S)  ■ 
and  the  new  lialf-width  a  a'  becomes  }-  (K  4-  /')  —  ''  S. 

If  we  take  an  embankment  (fig.  2),  the  new  value  of  a  B  be- 
comes (K  —  A  -^-  S)  at  the  distance  of  one  chain  ; 

and  the  new  value  of  the  half-width  a  a'  =  r  (K  —  h")  -\- r  5. 

Thus,  in  a  rising  gradient,  S  for  every  chain,  we  must  move  the 
slide  by  the  scale  H,   a  distance  r  5  ujjwards  for  cuttings  1 

and  a  distance  r  5  downwards  for  embankments  J 
But  r  5  on  the  scale  H  is  the  same  in  magnitude  as  5  on  the  scale 
V,  and  therefore  it  will  be  most  convenient  to  employ  the  index  in 
moving  the  slide  V  upwards  or  downwards,  through  a  space  5  for 
every  chain. 

It  may  be  useful  to  remark  that  for  a  rising  gradient  the  slide  V 
has  to  be  moved  in  that  direction  in  which  the  numbers  of  the  feet 
on  V  increase,  as  denoted  by  the  arrows,  whether  the  case  be  one 
of  cutting  or  embankment.  If  there  be  a  falling  gradient,  the 
slide  V  must  be  moved  in  the  opposite  direction. 

It  will  be  found  convenient  to  be  provided  with  the  height  of 
each  stake  above  some  common  datum;  the  half-width,  supposing 
the  ground  to  be  level  ;  the  numbers  and  distances  of  the  stakes, 
with  particulars  respecting  the  gradients,  slopes,  &c.  Also,  vacant 
columns  must  be  prepared  to  recei\'e  the  half-widths  on  each  side, 
as  they  are  determined,  and  the  corresponding  reading  of  the 
level.  The  point  on  H  to  which  the  zero  on  V  is  opposite,  ought 
also  to  be  registered.  This  last  is  very  useful  where  a  number  of 
consecutive  side-stakes  are  determined  without  starting  from  the 
centre ;  and  doubts  might  otherwise  arise  as  to  whether  the  proper 
correction  had  been  made  for  the  gradient  in  every  case. 

As  this  slide-rule  has  been  used  where  the  ground  was  remark- 
ably uneven,  both  for  determining  the  widths  of  cuttings  and  em- 
bankments, and  the  limits  of  embankments  at  the  ends  of  viaducts, 
I  can  strongly  recommend  it  to  the  attention  of  those  practically 
engaged  on  such  work,  as  it  avoids  much  trouble  and  uncertainty, 
and  the  result  is  as  accurate  as  can  he  desired  by  the  most  fastidi- 
ous. An  addition  to  the  widths  above  found  must  be  made  to 
allow  for  the  ditches  and  fences. 

67.  John's  CoUet/e,  Cambridge,  Francis  Bashfobth. 

Oct.  2l'   1848. 
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GEORGE    STEPHENSON. 

f  Continued  from  page  300  J 


[Tbe  above  eograviiig  is  after  a  Purtrait  by  Mr.  Briggs,  R.A.]- 
IT.  THB    SAFETY    lAMP. 

Fire-damp  is  one  of  the  greatest  evils  happening  to  coal-mines, 
and  one  which  is  too  well  known  to  all  having  anything  to  do  with 
them.  Thirty  or  forty  years  ago,  this  was  so  strongly  felt  that 
many  mines  had  reached  their  furthest  workings,  because  the  men 
had  no  good  means  of  going  on,  for  the  least  flame  was  enough  to 
set  the  fire-damp  burning,  and  the  steel  mill  gave  little  light,  and 
was  unsafe. 

In  1763,  the  Academy  of  Sciences  were  drawn  to  look  into  this 
matter,  several  coal-mines  at  Briancon,  in  Dauphiny,  having  fired. 
All  that  the  Academy  did  was  to  recommend  a  better  way  of  airing 
the  mines. ' 

Above  a  hundred  years  ago,  Sir  James  Lowther  had  seen  that 
common  fire-damp  does  not  catch  fire  from  sparks  of  flint  and  steel ; 
and  one  of  his  overmen,  said  to  be  Mr.  Spedding,  made  a  mill  for 
giving  light  by  striking  flint  and  steel."  This  was  worked  by  a 
boy,  and  was  used  in  the  English  collieries.  It  is,  however, 
known,  that  with  the  steel  mill  some  mines  have  been  set  on  fire. 

In  Hainault,  amadou,  or  fungus  tinder,  was  sometimes  used  ;  but 
it  gives  so  little  light,  that  the  men  could  not  work  by  it,  and  all 
that  they  could  do  was  to  find  their  way  by  it  sometimes  from  one 
side  of  the  pit  to  another,  where  fire-damp  was  blowing. 

In  1796,  Humboldt  made  a  lamp '  for  giving  light  in  mines  where 
a  common  candle  would  not  burn,  or  would  set  fire  to  the  mine. 
It  was  founded  on  the  plan  of  keeping  the  light  away  from  the 
air,  and  could  only  burn  a  short  time — that  is,  so  long  as  the  air 
within  it  lasted. 

In  1813,  Dr.  Clanny  made  a  lamp,  to  which  he  gave  air  from  the 
mine,  through  water,  by  bellows.  This  lamp  went  out  of  itself  in 
explosive  mixtures.  It  was  to  be  worked  by  hand  or  by  ma- 
chinery, but  was  too  heavy  to  be  moved  about  readily. 

From  what  Dr.  Clanny  had  done,  and  from  a  fearful  loss  of  life 
in  the  Felling  Colliery,  whereby  101  men,  women,  and  children 
died,  the  minds  of  many  were  turned  to  some  way  of  lessening 
the  fearful  evil  of  fire-damp.  At  Sunderland  a  meeting  was  held, 
wherein  Mr.  Buddie,  Mr.  Dunn,  Mr.  Cuthbert  Ellison,  M.P., 
Bishop  Gray,  Dr.  Clanny,  and  others,  had  a  share,  and  who 
called  upon  Sir  Humphrey  Davy  to  searcli  into  the  whole  matter.'' 


1  Histoire  de  rAcariemie  Royale,  1763,  p.  1,  quoted  by  Davy. 

2  Hutchinson's   History  of  Cumberland,  quoted  by  Davy, 
a    Journal  des  Mines,  viii.  &?>9,   quoted  by  Davy. 

«   See   Sir  Humphrey   Davy's  several  works   in  1815.  1816,  1818,  and  1325,  but  which 
are  nearly  the  same.    The  one  here  quoted  is  that  of  1818, 


Sir  Humphrey  looked  at  Dr,  Clanny's  lamp,  but  he  was  told  it 
was  too  heavy  and  too  costly  to  be  useful.  He  tried  phosphorus 
and  the  electrical  light ;  but  at  length  he  found  out  that  a  lanip 
could  be  made  air-tight,  and  to  which  the  air  could  be  sent  in 
through  \-ery  small  pi|ie3  or  tubes,  or  from  small  openings  in  wire 
gauze  put  below  the  flame,  and  having  a  chimney  at  top  of  the 
same  kind,  for  carrying  ofl'  the  foul  air.  Tliis  he  afterwards 
brought  to  bear  in  tlie  sliape  now  so  well  known  as  the  Davy  Lamp, 
or  Davy,  in  nhich  he  was  greatly  heliied  by  Dr.  Faraday. 

Meanwhile,  others  were  no  less  busy  :  Mr.  R.  W.  Brandling,  Dr. 
Murray,  and  Mr.  John  Murray  made  lamps,  and  so  did  George  Ste- 
phenson ;  and  at  length  there  was  very  great  strife  between  the 
friends  of  Davy  and  Stephenson,  as  to  who  was  the  first.  VV'e  have 
here  a  small  book,  written  by  George  Stephenson,  in  his  own  behalf, 
and  which  is  the  only  work  of  his  which  is  printed,  other  than  re- 
ports. Here  it  is  well  to  say,  th.it  it  would  be  worth  while  to  print  the 
reports  of  George  Stephenson,  to  bind  with  those  of  Smeaton,  for 
they  are  written  in  a  very  clear,  thoughtful,  and  business  way  ; 
and  are  of  great  worth  for  the  history  of  engineering,  as  Stephenson 
was  called  upcm  to  fight  for  the  locomotive  engine  and  the  railway 
in  their  childhood,  against  the  world,  having  few  to  back  him 
or  help  him  in  his  hard  struggle. 

Stephenson's  book  is  called  "  A  Description  of  the  Safety  Lamp, 
invented  by  George  Stephenson,  and  now  in  use  in  Killingworth 
Colliery  ;  to  which  is  added,  an  account  of  the  Lamp  constructed  by 
Sir  Humphrey  Davy,  with  Engravings.  London  :  Baldwin,  Cra- 
dock,  and  Joy;  Archibald  Constable  and  Co.,  Edinburgh;  and  E. 
Charnley,  Newcastle,  1817."  It  is  only  about  sixteen  sides,  and 
was  printed  by  S.  Hodgson,  of  Newcastle,  and  has  four  engravings. 

Another  very  interesting  book  is  the  "  Report  upon  the  Claims 
of  Mr.  George  Stephenson  relative  to  the  Invention  of  his  Safety 
Lamp.  By  the  Committee  appointed  at  a  meeting  holden  in  New- 
castle on  the  1st  Nov.,  1817,  with  an  appendix  containing  the 
evidence."  This  was  printed  at  Newcastle,  and  has  three  plates, 
which  are  the  same  as  in  Stephenson's  book. 

Stephenson  says :  "  Several  of  my  friends  having  expressed  a 
wish  that  I  would  lay  an  engraved  plan  of  my  Safety  Lamp  before 
the  public,  with  as  correct  an  account  of  the  dates  of  the  inven- 
tion as  I  am  able,  I  have  resolved  to  do  so.  I  was,  at  the  same 
time,  advised  to  publish  the  steps  by  which  I  was  led  to  this  dis- 
covery, and  the  theory  I  had  formed  in  my  own  mind  upon  the 
subject,  which,  with  the  facts  from  which  I  drew  my  conclusions, 
were  freely  communicated  to  several  persons  during  the  time  I  was 
engaged  in  the  pursuit.  AVith  this  1  cannot  persuade  myself  to 
comply ;  my  habits,  as  a  practical  mechanic,  make  me  afraid  of 
publishing  theories  ;  and  I  am  by  no  means  satisfied  tliat  my  own 
reasons,  or  any  of  those  I  have  seen  published,  why  hydrogen  gas 
will  not  explode  through  small  apertures,  are  the  true  ones.  It  is 
sufficient,  for  our  present  purpose,  that  that  fact  has  been  disco- 
vered, and  that  it  has  been  successfully  applied  in  the  construc- 
tion of  a  lamp  that  may  be  carried  with  perfect  safety  into  the 
most  explosive  atmosphere." 

"  During  the  four  years,"  Stephenson  goes  on  to  say,  "  that  I 
have  been  employed  to  superintend  the  engines  at  Killingworth 
Colliery,  one  of  the  most  extensive  mines  in  Northumberland, 
where  there  is  a  considerable  quantity  of  machinery  underground, 
I  have  had  frequent  opportunities  of  employing  my  leisure  hours  in 
making  experiments  upon  hydrogen  gas.  The  result  of  those  ex- 
periments has  been  the  discovery  of  the  fact  above  stated,  and  the 
consequent  formation  of  a  Safety  Lamp,  which  has  been,  and  is 
still  used,  in  that  concern,  and  which  my  friends  consider  (with 
what  justice  the  public  must  decide)  as  precisely  the  same  in  prin- 
ciple with  that  subsequently  presented  to  their  notice  by  Sir  Hum- 
phrey Davy." 

The  first  thought  of  the  safety  lamp  had  been  long  in  Ste- 
phenson's mind;  and  in  August,  1815,°  he  made  a  drawing  of  it, 
which  was  shown  to  several  people  on  the  works^among  others,  to 
Mr,  Nicholas  Wood,"  whose  name  is  now,  for  the  first  time,  seen 
along  with  that  of  Stephenson.  He  was  then  a  viewer  at  Kil- 
lingworth, and  seems  to  have  taken  a  great  share  and  delight  in 
all  that  Stephenson  did,  as  is  shown  by  the  works  of  both,  Ste- 
phenson told  Wood  that  he  thought  a  lamp  might  be  made  which 
would  burn  the  fire-damp  without  blowing-up.  The  way  was  this, — 
to  make  a  tube  in  the  bottom  of  the  lanip,and  he  thought  the  attrac- 
tion of  the  flame  upwards  would  be  greater  than  the  force  down- 
wards. AA^ood  drew  out  tbe  plan  under  Stephenson's  eye,  and  in 
October,  1815,  they  went  to  Mr.  Hogg,  a  tinman,  at  Newcastle, 
and  had  a  lamp  made,  which  a  fortnight  after  was  put  into  Ste- 
phenson's hands.     When  Stephenson  first  spoke  about  it,  he  asked 


s  StephenBoa,  p.  7, 


6   Report,  p,  16, 
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tliat  tlie  tube  might  be  made  a  quarter  of  an  inch  in  diameter,  hut 
Mr.  Ilotfe:  liaving  suggested  that  it  pmhahly  wouhl  not  burn,  it 
was  made  half  an  inch  in  diameter,  and  a  slide  attached  to  it  in 
order  to  lessen  it  if  need  were. 

This  first  lamp  liad  an  open  top  and  conical  shape,  and  was  given 
to  Stephenson  on  the  21st  of  October,  1K15.  This  was  on  a  Satur- 
day, and  in  the  dusk,  Stephenson,  AV'ood,  and  Mr.  John  Moodie, 
an'  undcr-viewer,  went  down  to  the  A  pit  to  try  it.  Stephenson 
lig];tcd  the  lamp  and  went  to  a  blower  of  tire-dam])  in  the  roof,  going 
to  it  from  the  windward,  and  keeping  the  candle  about  twenty  yards 
off.  By  some  deals,  they  made  a  part  of  the  mine  foul,  for  the 
purpose  of  having  a  trial  witli  tlie  lamp'.  About  an  hour  after- 
wards, Moodie  went  into  the  part  so  made  fo\il,  and  found  by  the 
smell,  &c.  (of  which,  from  knowledge,  he  was  a  sound  judge)  that 
the  air  was  in  such  a  state,  that  if  a  candle  had  been  taken  in,  the 
place  would  have  caught  fire,  which  would  have  l)een  very  fearful. 
Moodie  told  Stephenson  it  was  foul,  and  hinted  at  the  danger ; 
nevertheless,  Stephenson  would  ti-y  the  lamp,  trusting  in  its  safety. 

Stephenson  took  the  lamp  and  went  with  it  to  the  spot  in  which 
Moodie  had  been,  and  Nicholas  Wom\  and  Moodie,  fearful,  went 
further  off.  Stephenson  tried  the  lamp,  and  it  went  out  without 
making  any  e.xplosion — on  which,  Ste])henson  again  held  forth  the 
safety  of  h'is  lamp.  It  has  been  said,  before  now,  that  there  is  as 
much  bravery  in  the  engineer  as  in  the  seaman  or  the  warrior — 
aye,  and  as  much  call  for  it,  too  ;  and  often  in  the  common  work- 
man will  there  be  as  stout  and  bold  a  heart  in  the  greatest 
straits,  and  in  the  utmost  fear  of  life  and  limb,  as  there  is  in 
the  leader  who  storms  a  breach,  or  heads  the  bloodiest  fight. 
Stephenson  was  as  fond  a  husband  as  a  father,  but  he  did  not  want 
daring  when  he  thought  the  call  was  on  him  ;  and  although  death 
loomed  before  him,  he  did  not  turn  back  from  what  he  felt  to  be 
his  duty.  Here  we  have  the  witness  of  those  who  were  with  him, 
and  we  may  stand  by  him  in  this  time  of  trial,  and  watch  his  every 
step. 

"  Stephenson,"  says  Moodie,  "  again  lighted  the  lamp,  and  Wood, 
who  had  now  more  trust  in  it,  went  with  him  to  the  former  spot, 
and  even  held  the  lamp — they  tried  it  again,  and  with  tlie  same 
end.  AV'hen  the  lamp  was  put  lighted  in  the  gas,  thei-e  was  a 
great  flame,  the  lamp  was  almost  full  of  fire,  and  then  it  smothered 
out.  Stephenson  then  said  that  he  could  so  shift  it,  that  he  could 
make  it  burn  better." 

This  first  lamp  was  made  with  a  slide,  to  regulate  the  opening  of 
the  pipe  through  which  air  was  sent  into  the  lamp.  The  slide  was 
partly  shut  before  the  lamp  was  brought  near  the  blast  of  the 
blower — indeed,  it  was  so  far  shut,  that  the  lamp  burned  but  weakly 
in  good  air ;  and  when  the  lamp  was  brought  to  the  blower,  the 
flame  grew  bigger,  as  already  said,  and  then  went  out."  An  ex- 
plosion, indeed,  took  place  within,  but  it  did  not  pass  outwards. 
The  slide  was  several  times  shifted,  and  trials  made  afterwards 
with  bladders  filled  with  air  from  the  blowers.  The  first  trial  was 
with  the  pipe  quite  open,  and  the  explosion  passed  downwards. 
Trials  were  thereafter  made  with  tlie  slide  so  shifted,  that  at  length 
the  opening  was  so  small,  the  explosion  no  longer  passed  down- 
wards, and  the  lamp  kept  alight ;  but  it  was  so  weak,  that  it  easily 
went  out  by  being  moved.  It  was  therefore  thought,  that  by 
making  more  pipes  of  this  smallness,  air  enough  for  burning  and 
for  keeping  up  the  light  might  be  let  in  ;  and  yet  the  hcdes  or 
openings  be  so  small,  as  still  to  stop  the  explosion  from  going  down- 
wards." 

The  lamp  was  now  sent  to  Matthews,  a  tinman,  in  Newcastle, 
and  the  tliree  pipes  put  to  it,  but  outside  the  burner.  On  Satur- 
day, tlie  Ith  of  November,  this  was  tried  in  the  pit,  and  found  to 
burn  better  than  the  other,  but  still  not  well.  Nevertheless,  the 
explosion  did  not  go  downwards.  A  spot  in  the  mine  had  been 
again  made  foul  by  Moodie,  and  Stephenson,  Nicholas  Wood,  John 
Moodie,  his  son  of  the  same  name,  an  overman,  and  George  Wailes, 
an  overman,  went  down  and  made  further  trials,  «hich,  as  they  all 
tliought,  turned  out  better  than  the  first.  Moodie  here  says,'° 
that  three  months  before  the  first  lamp  was  tried,  Stephenson  was 
often  making  trials  with  a  candle  near  the  blowers,  for  which 
Moodie,  who  was  fearful,  reproved  him.  Stephenson  then  told 
Moodie  that  he  thought  a  lanthorn  could  be  made  so  as  to  be  taken 
in  safely  amongst  the  foul  air ;  but  Moodie  did  not  think  it  could 
be  done.' ' 

After  this,  two  lamps  of  the  second  pattern  were  made  and 
given  to  the  waistmen  in  Killingworth  pit.  A  few  days  after — 
namely,  on  the  9th  of  November,  a  boy  was  killed  in  the  A  pit,  at 
Killingworth,  on  the  spot  where  the  trials  were  made  with  the 

'   Rfport,  Moodle's  witness,  p.  18.  8    StephcnsoD,  in  tlie  Report,  p.  1.5. 

9  Wood's  witnen,  iu  the  Report,  p.  17.  »"  Repoit,  p.  W. 

1 1  VVituess  of  Richard  Thomp«OD,  au  overmao.  Keport,  f.  SI. 


first  lamp.  Stephenson  said,  on  that  daj',  if  the  boy  had  had  his 
lamp,  he  would  not  have  been  burned. '- 

John  M'Crie,  a  sinker,  tells  the  same  tale.  He  says,  that  in  the 
summer  of  181.5,  Stephenson  was  setting  up  sloping  planes  under- 
ground, and  often  as  he  was  coming  out,  he  set  the  blower  on  fire, 
and  by  lighted  candles  put  to  windward,  put  the  blower  out. 
Stephenson  said  that  lie  could  make  it  useful  to  save  men's  lives. 
This  he  said,  when  M'Crie  spoke  against  what  he  was  doing  as 
hurtful. 

Up  to  this  time,  Stephenson  knew  nothing  of  what  Sir  Hum- 
phrey Davy  had  fiuind  out  or  done,  or  of  what  he  had  written  to 
the  coal  trade  thereupon.  He  now  made  his  third  lamp,  which  had 
more  pipes,  so  as  to  get  a  better  draught  of  air.  He  afterwards 
thought, '=  that  if  he  cut  off  the  middle  of  the  pipes,  or  made 
holes  in  metal  plates,  set  some  way  from  each  other,  as  far  as 
the  pipes,  that  the  air  would  get  in  better,  and  that  there  would 
be  the  same  safety  against  explosion.  Another  lamp  was  therefore 
made  and  tried. 

This  third  lamp  did  so  well,  that  it  was  long  used  in  Killingworth 
pits,  and  workmen  were  bound  to  it  under  a  fine  of  lialf-a-crown 
for  using  a  candle.  This  lamp  was  tried  alongside  with  Davy's, 
and  found  to  do  as  well. 

The  first  trimmer  was  a  wire  down  the  chimney  of  the  lamp ; 
hut  afterwards.  Sir  Humphrey  Davy's  trimmer  was  used.  Nicho- 
las AVood  wrote  on  this  in  the  Tyne  Mercury. 

On  the  24th  of  November,  1815,  Stephenson  showed  his  lamp 
to  Mr.  Robert  AV'illiam  Brandling,  and  to  Mr.  Murray  of  Sunder- 
land, both  well  able  to  give  a  judgment  upon  it. 

On  Tuesday,  the  Sth  of  December,  1815,  Stephenson's  lamp 
was  brought  before  the  meeting  of  the  Literary  and  Philosophical 
Society  of  Newcastle,  the  same  evening  that  Dr.  John  Murray's 
paper  about  his  own  lamp  was  read.  Ti-ials  were  made  of 
Stephenson's  lamp  with  liladders,  holding  the  fire-damp,  put  below, 
and  the  fire-damp  let  into  the  lamp. '  * 

The  difference  between  Stephenson's  lamp  and  Sir  Humphrey 
Davy's  was,  that  Stephenson  used  a  plate  in  which  holes  were  cut, 
and  Davy  hit  upon  the  happy  thought  of  using  a  wire  gauze 
screen  ;  but  Stephenson  seems  to  have  been  the  first  who  found 
that  the  exjilosion  would  not  pass  outwards,  and  upon  this  all 
depended, — for  wire  gauze  instead  of  a  metal  plate  was  a  mere 
change  of  shape,  though  for  the  better. 

Whether  Stephenson's  lamp  is  still  used,  we  do  not  know  ;  but, 
as  shown  above,  it  was  kept  in  use  till  1818,  and  very  likely  till 
long  after,  for  Stephenson's  friends  were  so  steadfast  they  would 
not  give  in  to  what  they  said  was  a  copy  of  their  lamp. 

V.    THE   GIFT. 

In  181G,  those  who  had  called  in  Sir  Humphrey  Davy,  thought 
it  time  to  give  him  some  reward,  and  therefore  called  a  meeting  of 
coalowners,  at  Newcastle,  on  the  31st  of  October,  when  Mr.  Na- 
thaniel Clayton  took  the  chair.  The  meeting  was  to  reward  Sir 
Humphrey  Davy,  "  for  the  Invention  of  the  Safety  Lamp.""  By 
this  time,  a  paper  war  had  arisen,  and  while  Bishop  Gray  and  Mr. 
Buddie  felt  called  upon  to  stand  by  Sir  Humphrey  Davy,  a  great 
number  held  to  George  Stephenson,  and  much  bitterness  of  feeling 
was  shown.  Neither  were  there  wanting  those  who  upheld  Dr. 
Clanny,  Dr.  Murray  of  Edinburgh,  Mr.  John  Murray  of  Hull,  and 
Mr.  Robert  William  Brandling.  Dr.  Clanny  was  'the  first — Sir 
Humphrey  Davy  and  Stephenson  acknowledged  this ;  but  the 
lamps  of  the  two  latter  had  been  brought  into  work,  and  the 
struggle  lay  between  them.  Dr.  Clanny  helped  Sir  Humphrey 
Davy,  and  Mr.  Brandling'"  sided  with  Stephenson.  Davy  was  so 
much  the  stronger  than  Stephenson,  that  he  was  better  known, 
and  had  all  the  men  of  learning  on  his  side,  while  Stephenson  was 
backed  by  the  Killingworth  men,  and  all  those  who  thought  highly 
of  what  tiie  self-taught  workman  had  done  with  the  locomotive  and 
the  safety  lamp.  Sir  Humphrey's  friends  were  angry  that  one  so 
lowly  should  be  set  up  against  him — Stephenson's,  that  one  so  lowly 
should  be  put  down,  and  kept  out  of  his  fair  share  of  the  work,  to 
bolster  up  a  great  name.  Both  sides  went  great  lengths,  both 
went  too  far,  and  now  it  is  easy  to  do  right  by  all. 

Perhaps  AVatt  took  a  part,  for  he  was  an  early  patron  of  Davy, 
who  was  employed  in  the  Pneumatic  Institution,  at  Bristol,  under 
Dr.  Beddoes,  in  which  Watt  took  a  great  share. 

So  much  was  said  and  doneby  George  Stephenson's  friends,  they 
fought  so  hard  for  him,  and  against  Davy,  that  the  meeting  on  the 

12  Report,  p.  21.  i'  Report,  p.  16. 

1-1  Witness  of  Mr.  Henry  Edmonstou,  Secretary,  and  of  Mr.  Henry  Atkinson  and 
Mr.  Anthony  Clupham.     Report,  p.  '22. 

1  5  The  whole  of  tills  is  well  given  iu  the  Gateshead  Observer,  of  August  19,  184!i, 
from  which  the  above  is  taken. 
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31st  of  August  *-as  held  over  till  the  11th  of  Octoher,  when  John 
George  Lambton,  the  late  Earl  of  Durham,  took  the  chair.  iMr. 
Brandling  then  moved  that  the  meeting  should  be  again  put  off, 
tliat  inquiry  might  be  made,  whether  "  the  merit  of  the  invention 
of  the  Safety  Lamp  was  due  to  Sir  Humphrey  Davy,  or  George 
Stephenson."  Mr.  Arthur  Mowbray  likewise  stood  up  for  tliis, 
but  it  was  set  aside  by  a  great  number  of  h.ands.  A  purse  of  one 
hundred  guineas  was  however  given  to  Stephenson. 

Stephenson's  friends  were  very  wroth  at  being  thus  beaten,  and 
Stephenson  himself  thouglit  that  the  meeting  had  dealt  very  un- 
fairly with  him  in  awarding  the  meed  to  Davy.  "  ^Vhether  or 
not,"  says  Stephenson,  in  a  letter  afterwards  printed,  "  Mr. 
Brandling  is  justiiied  in  the  opinion  he  has  expressed  [that  Ste- 
phenson was  the  inventor],  it  appears  to  me  may  be  easily  decided  ; 
and  I  shall  only  add,  that  if  it  can  be  proved  that  1  took  advan- 
tage, in  the  formation  of  the  safety  lamp,  of  any  suggestions, 
e.xcept  the  printed  opinions  of  scientiiic  men,  I  deserve  to  lose 
tlie  confidence  of  my  honourable  employers,  and  the  good  opinion 
of  my  fellow-men,  which  1  feel  an  honest  pride  in,  and  which  even  in 
my  humble  situation  in  life  is  of  more  value  in  my  estimation  than 
any  reward  that  generous,  but  indiscriminating  affluence  can 
bestow." 

Davy's  friends  thought  they  did  not  do  enough  in  upholding 
him,  but  they  must  further  pull  down  Stephenson  ;  and  instead  of 
choosing  the  likely  path,  that  botli  might  have  gone  on  without 
knowing  each  other,  they  openly  said  that  Stephenson  had  taken 
or  stolen  the  thought  from  Davy. ' '  Here  was  the  sting — and  hence 
the  manly  and  earnest  speech  of  Stephenson,  given  above,  which 
fully  shows  what  his  feelings  were — his  love  of  standing  well  with 
his  'fellow-men — his  earnestness  to  be  worthy  of  the  trust  bestowed 
upon  him.  From  the  time  he  first  set  foot  in  the  great  world,  to 
the  day  of  his  death,  these  were  his  strong  feelings ;  and  as  has 
been  before  shown,  they  give  the  key  to  his  life,  and  lay  open  to 
us  the  springs  of  his  well-doing. 

He  was  quite  right  in  thinking  that  the  good-will  of  his  neigh- 
bours, and  the  trust  of  his  fellow-men,  were  worth  more  than  any 
money  whicli  could  be  bestowed  ;  for  they  were  to  liini  as  the  land 
which  yields  a  yearly  harvest,  while  the  latter  is  but  a  crop 
which  is  once  gathered  in,  and  there  is  no  more  of  it.  The  harvest 
may  fall  short  sometimes,  but  there  is  the  land  to  give  a  better 
cro])  in  other  years,  and  to  give  a  good  income  for  whatever  is 
laid  out  upon  it :  so  is  it  with  a  good  name — it  is  a  lasting  mine 
of  wealth  to  the  owner,  the  yield  of  which  is  the  greater  the 
longer  it  is  wrought. 

The  friends  of  Davy  were  none  the  less  angry  that  a  common 
workman  was  set  up  against  one  of  his  great  name,  as  if  it  were 
likely  that  one  of  Davy's  standing  should  be  beholdened  for  any- 
thing to  a  lowly  pitman.  They  were  maddened  at  the  tliought  of 
one  of  the  greatest  men  of  his  day  being  so  set  down.  How  little 
did  they  think  or  dream  that  the  drudge  they  then  looked  down 
upon  was  to  shine  upon  the  world  as  one  no  less  great  than  Davy — 
as  one  of  the  brightest  lights  of  his  day — as  one  of  whom  even  they 
now  feel  proud.  Such  is  the  worth  of  a  name,  such  is  it  to  weigh 
with  an  untrue  beam,  and  to  set  down  wrong  weights.  The  great 
man  of  to-day  soon  sinks  into  the  dust, — the  lowly  of  yesterday  is 
the  mighty  of  the  morro%v  ;  but  let  each  be  weighed  by  his  deeds, 
and  not  by  his  name ;  by  his  own  works,  and  not  by  the  witness  of 
his  friends. 

The  writings  which  were  put  forth  in  Stephenson's  name  are  by 
one  hand ;  but  though  they  breathe  his  thoughts,  it  does  not  seem 
likely  that  they  are  his.  In  that  last  given,  the  earnestness  of 
thought  is  his,  but  it  is  not  his  speech.  There  is  too  much  Latin 
— there  are  too  many  of  the  chosen  words  of  the  schoolman,  and 
too  much  of  his  craft,  to  let  us  believe  tliat  they  come  from  a  free- 
spoken  Englishman.  In  talking,  Stephenson  always  liad  the 
homely  speech  of  an  Englishman,  as  indeed  it  now  too  often  hap- 
pens that  among  common  men  our  mother  tongue  is  best  spoken. 
■W'itli  them,  the  well  of  English  is  bright  and  strong ;  w-hereas 
bookmen,  instead  of  speaking  better  English  for  their  greater 
knowledge,  only  learn  Latin  and  Greek  to  bring  them  into  English, 
as  if  our  English  were  a  worse  speech,  and  the  others  better  ;  or, 
as  if  a  word  were  the  better  understood  by  being  swaddled  in  out- 
landish clothes.  Stephenson  most  often  had  the  pen  of  another, 
else  we  might  have  had  from  his  hand  something  worthy  of  our 
best  writers ;  for  it  has  been  often  seen,  that  those  have 
written  the  freest  who  have  risen  as  he  did,  from  among  those 
who  know  no  other  tongue  but  their  own.  The  cot  is  a  better 
scliool  for  speech  than  the  college — there  is  a  greater  freshness  in 
its  sayings :    a   strength   and   earnestness  and   heartiness   which 
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come  home  to  our  bosoms ;  something  which  breathes  sweetly  of 
our  childhood,  and  takes  us  back  beyond  our  school  years. 
Whetlier  in  the  Bible,  in  Shakspeare,  our  best-loved  books  and 
writers,  those  sayings  always  delight  us  most  wliich  are  most 
homely ;  and  yet,  more  care  is  given  to  eke  out  a  book  with  big 
words,  borrowed  from  every  land  but  our  own,  than  to  write  such 
things  as  every  one  may  readily  understand. 

If  Davy's  friends  spared  notliing  for  him,  Stephenson's  were  as 
steadfast;  tlie  war  went  on,  and  tlie  Newcastle  papers  were  full  of 
writings,  for  and  against.  The  Rev.  John  Hodgson,  Mr.  Buddie, 
Mr.  Brandling,  and  tlie  full  number  of  "  Friends  to  Justice," 
strove  together;  but  neither  side  would  give  in,  or  own  that  it  was 
in  aught  wrong :  they  were  too  busy  in  saddling  things  on  each 
other  to  take  off  one  bit  from  themselves.  If  Davy  had  the  meet- 
ing of  coalowners  on  his  side,  Stephenson  was  not  to  be  left  barren, 
and  therefore  his  friends  made  up  their  minds  that  he  should 
have  a  meeting  of  bis  own,  and  that  plate  should  be  given  to  him 
as  a  set-off  against  what  had  been  done  for  Sir  Humphrey  Davy. 

It  should,  however,  be  said  that,  having  been  beaten  in  getting  an 
inquiry  from  the  meeting  of  coalowners,  they  had  a  meeting  of  tlieir 
own,  to  look  into  what  Stephenson  had  done,  and  which  ended  in  the 
Report,  which  has  been  already  named.  Stephenson,  Nicholas 
Wood,  and  the  others  who  had  a  hand  in  the  business,  were  called 
together,  and  gave  witness  as  to  what  they  had  seen  or  done. 
This  was  wi-ittcn  down  and  printed  at  the  end  of  the  Report,  and 
it  showed  the  faith  the  meeting  had  in  the  goodness  and  rightful- 
ness of  the  side  they  had  taken  up.  The  members  were,  the  Earl 
of  Strathmore,  C.  J.  Brandling,  Esq.,  C.  W.  Bigg,  Esq.,  Matthew 
Bell,  Esq.,  R.  W.  Grev,  Esq.,  Arthur  Mowbrav,  Esq.,  James  Losh, 
Esq.,'s  T.  H.  Bigg,  Esq.,  Dr.  Headlam,'^  C.  N.  Wawn,  Esq., 
Antliony  Clapham,  Esq.,  and  G.  Charnley,  Esq.  Richard  Lam- 
bert, Esq.,  was  the  Treasurer,  and  Robert  William  Brandling, 
Esq.,  the  Secretary. 

On  the  1st  of  November,  1817,  the  further  step  was  taken,  and 
a  meeting  was  held  in  the  Assembly-rooms,  Newcastle  ;  at  which 
C.  J.  Brandling,  Esq.  took  the  chair,  "  for  the  purpose  of  remu- 
nerating JNIr.  George  Stephenson,  for  the  valuable  service  he  had 
rendered  to  mankind  by  the  invention  of  his  Safety  Lamp."  The 
first  resolution  held  forth,  "  that  Mr.  George  Stephenson,  having 
discovered  the  fact  that  explosion  of  hydrogen  gas  would  not  pass 
through  tubes  and  apertures  of  small  dimensions,  and  having  been 
the  first  to  apply  that  principle  in  the  consti'uction  of  a  Safety 
Lamp,  was  entitled  to  a  public  reward."  A  committee,  headed  by 
the  Earl  of  Strathmore,  was  named  to  carry  this  out. 

Davy's  friends  were  anew  stirred  up,  and  they  sent  to  the  news- 
papers a  writing,  signed  by  Sir  Joseph  Banks,  President  of  the 
Royal  Society,  VVilliam  Thomas  Brande,  Charles  Hatchett,  H.  W. 
^V'ollaston,  and  Thomas  Young,  setting  forth  their  conviction, 
"  that  Mr.  Stephenson  was  not  the  author  of  the  discovery  of  the 
fact  in  question,  and  was  not  the  first  to  apply  that  principle  in 
the  construction  of  the  Safety  Lamp." 

The  other  committee  printed  their  report  in  ansvver,  setting 
forth  the  whole  truth,  and  ended  by  saying,  "  After  a  careful 
inquiry  into  the  merits  of  the  case,  conducted,  as  they  trusted,  in 
a  spirit  of  fairness  and  moderation,  they  could  perceive  no  satis- 
factory reason  for  changing  their  opinion."  The  dead  set  made  by 
the  men  of  learning  who  stood  bytheir  friend,  Davy,  did  not  frighten 
the  others,  and  did  not  put  a  stop  to  their  work.  Their  minds  were 
made  up,  and  the  subscriptions  set  afoot  by  them  went  on  steadily. 
Lord  Ravensworth  (then  Sir  Thomas  Henry  Liddell,  Bart.)  and 
partners,  gave  one  hundred  guineas  ;  C.  J.  Brandling,  and  partners, 
gave  the  like,-"  Matthew  Bell,-'  and  partners,  gave  fifty  guineas ; 
and  John  Brandling,  and  partners,  gave  the  like.  Thus,  a  goodly 
purse  was  filled  ;  and  the  great  gifts  of  the  Liddells,  and  the  other 
coalowners,  are  a  very  good  earnest  of  how  Stephenson  was  looked 
upon  in  his  own  neighbourhood,  and  the  path  which  lay  open 
before  him.  It  was  not  hard  to  tell  what  he  would  do  with  his 
inborn  skill. 

In  January,  1818,  a  dinner  was  given  to  George  Stephenson,  at 

1  8  Then  partner  wilh  Stephenson  in  the  patent  for  the  rails  and  chairs. 

19  Afterwards  a  director  of  the  Newcastle  and  Carlisle  Railway. 

20  Robert  William  Brandling,  Esq.,  is  the  son  of  the  late  Char'es  Brandling,  Esq. 
flr.P.,  and  connected  wiih  most  of  the  leading  coalowners  [Railway  Post-Office 
Directory,  1S48],  being  brot!>er-iu-law  of  Rowland  Burdon,  Esq.,  uncle  of  Matthew 
Bell,  Esq.,  DI.P.,  and  cousin  of  R.  W.  Grey,  Esq..  111. P.  He  was  therefore  well  able  to 
help  Geori^e  Stephenson,  to  whom  he  was  a  great  friend.  He  is  a  barrister  by  profession, 
but  has  taken  a  great  share  in  all  undertakings  in  his  neighbourhood;  among  other 
things,  in  the  Brandling  Junction  Railway,  and  in  the  Safely  Lamp. 

21  The  Bells  were  likewise  great  friends  of  Stephenson.  Matthew  Bell,  Esq.,  of 
Woolsington,  is  the  one  named  above.  The  son,  born  in  1793,  is  now  M.P.  for  South 
Northumberland,  and  has  been  a  director  of  the  Newcastle  and  Carlisle  Railway  since 
1829.  [Railway  PoBt-Office  Directory,  lb4S.]  In  ISlti,  he  had  been  High  Sherifl'  of 
Northumberland. 
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the  Assembly-i'ooms,  Newcastle,  when  a  silver  tankard  was  put 
into  liis  hands,  togetlier  with  one  thousand  friiineas. 

"  I  shall  ever  reflect  with  pride  and  fjratitude,"  said  he,  "  that 
mv  lahdurs  have  been  lionoured  with  tlie  approbation  of  su<'h  a 
distinpuislied  meeting;  and  you  may  rest  assured  tliat  my  time, 
and  any  talent  I  may  possess,  shall  hereafter  be  em]doyed  in  sueh 
«  manner  as  not  to  give  you,  gentlemen,  any  cause  to  regret  the 
countenance  ami  support  yini  liave  so  generously  afforded  me. " 

This  ]dedge,  as  is  well  known,  Stephenson  fulfilleil. 

Of  the  feelings  of  the  committee,  the  best  earnest  is  the  follow- 
ing words,  given  in  their  Rei)ort : — "  \Vhen  the  friends  of  Mr. 
Steplienson  remember  tlie  humble  and  laborious  station  in  which 
he  has  been  born  and  lived ;  when  they  consider  the  scanty  means 
and  opportunity  which  he  lias  had  for  pursuing  the  researches  of 
science  ;  and  look  to  the  improvements  and  discoveries  wliieh,  not- 
withstanding so  many  disadvantages,  he  has  been  enabled  to  make, 
by  the  judicious  and  unremitting  exercise  of  the  energy  and  acute- 
ness  of  his  natural  understanding,  they  cannot  persuade  themselves 
that  they  have  said  anything  more  than  every  liberal  and  feeling 
mind  will  most  willingly  admit." 

Thirty  years  afterwards,  a  third  piece  of  plate  was  given  to  the 
"  Inventor  of  the  Safety  Lamp,"  which  this  time  was  Dr.  Clanny,^^ 
who  has  been  already  named. 

Although  so  much  noise  was  made  at  the  time,  and  each  said 
that  the  other  had  stolen  the  thought  from  him,  it  is  not  hard,  now 
that  angry  feelings  have  softened  down,  to  see  the  truth.  It  was 
held  by  them  that  one  must  be  the  first  finder  :  but  there  is  no 
need  to  believe  anything  of  the  kind,  lor  two  or  three  might  as 
readily  busy  themselves  with  a  safety  lamp  as  one.  VVhy,  indeed, 
was  Sir  Humphrey  Davy  called  in  ?  Why  did  Stephenson  give  his 
mind  to  it  but  from  the  want  of  such  a  thing,  the  fearful  loss  of 
life  which  had  followed  from  taking  candles  into  fire-damp,  and 
the  little  good  of  the  steel  mill  ?  Many,  therefore,  set  their  wits 
to  work  to  find  out  a  safety  lamp.  M'e  have  named  five,  and  it  was 
in  no  way  odd  that  two  should  hit  upon  the  same  thing. 

Throughout  the  field  of  learning  we  have  found  this  happen. 
Was  there  not  the  very  same  thing  with  Newton  and  Leibnitz 
about  flu.xions.?  Did  not  Watt,  Cavendish,  and  Lavoisier  each  take 
a  share  in  finding  out  the  composition  of  water.''  At  the  same 
time,  Fulton  and  Bell  were  at  work  on  the  steamboat, — Trevithick 
and  Oliver  E\ans  on  the  steam-wagon, — and  in  our  days,  there 
has  been  a  struggle  between  Le  Verrier  and  Adams,  by  which  the 
learned  world  has  been  torn,  as  to  who  found  out  Neptune.  There 
are  several  put  forward  as  the  first  lighters  of  gas.  Young  and 
Ch.impollion  fight  over  the  Rosetta  stone  ;  we  have  not  yet  awarded 
tlie  meed  to  the  man  who  first  set  railways  going :  James  and  Gray 
(though  dead)  are  still  in  the  field,  with  many  more  who  strive  to 
wrench  from  them  the  name  of  "  Father  of  Railways."  This  will  ever 
be,  for  where  tliere  is  a  want,  the  ready  wit  of  many  men  will  be  ever 
ready  to  find  out  the  right  way.  Is  there  anything  new  brought 
forward,  straight  every  one  rushes  into  that  path.  There  is  not 
much  mistake  in  saying,  that  there  were  a  thousand  clever  in- 
ventors who  found  out  atmospheric  railways.  The  heads  of  railways 
unhappily  know  how  many  makers  there  are  of  new  buffers,  breaks, 
links,  wheels,  rails,  and  chairs — each  good,  and  each  the  best.  The 
Gutta  Percha  Company  have  before  them  a  list  of  two  hundred 
hints  for  making  everything  of  gutta  percha,  from  ear-trumpets 
to  horse-shoes.  It  is  good  that  it  should  be  so,  rather  than  that 
we  should  lag  behind,  waiting  for  tlie  slow  work  of  a  few  minds, 
when  we  may  bring  to  bear  the  fruitfulness  of  many. 

Stephenson  seems  to  have  been  the  first  to  try  a  lamp  with  holes 
so  small  that  explosion  of  fire-damp  did  not  pass  downwards  ;  but 
Davy  had  nothing  to  do  with  him,  and  was  not  far  behind,  and  he 
made  a  much  better  lamp  by  taking  wire  gauze  instead  of  pipes  or 
hides. 

The  following,  from  the  9th  page  of  the  Report  of  the  Com- 
mittee, shows  what  each  did  : — 

1815.  MR.    STEl'UliNSON.  SIR    HUMPHREY    DAVY. 

Aug.  to  Oct.         Busy   with    those    experi-         Tlie  suljject    occupied    his 
nients   upon  blowers   in   Kil-     attention,    as    an   ol)ject    of 
lingworth  Colliery,  nhich  led     speculatiuu. 
to    the     cunstru^tioD   of  his 
lamps. 
Beginning  of         Ordered     his     first    lamp,         Commenced     his      eiperi- 
Oct.  which  was  tried   in  the  col-     ments  on   firedamp,  and  be- 

lieiy    on   the    21st    of    that     fore  the  IBtli  of  that  month 
luuutb.  had   discovered   ceitain   facts 

[the    facts    in    question]    re- 
specting     that     inflammable 

22  Gotesbead  Oliservcr,  August  lit,  ISiS. 


Beginning  of  mr.  Stephenson.  sie  homphrey  davy. 

Oct.  substance,    and    states,   in    a 

letter  dated  Oct.  19,  that  if  a 
lamp  or  lantliorn  be  made  air- 
tight on  the  sides,  and  fur- 
nished with  apertures  to  ad- 
mit the  air,  it  will  not  com- 
tiiunicate  flame  to  the  out- 
ward atmosphere. 
End  of  Oct.        Ordered  his  second  lamp.  In  a  letter,  dated  Oct.  30, 

describes  to  Mr.   Hodgson    a 

lamp,    in    which    he  adopted 

tubes   and  canals  above   and 

below. 

Nov.  4.  Tried  his   second   lamp  in        Mr.     Butler     noticed    Sir 

Killingworth  Colliery.  Humphrey  Davy's  discoveries 

in  an  oration. 

Not.    9.  Read  to  the  Royal  Society 

a  paper  giving  a  detailed  ac- 
count of  bis  experiments,  and 
the  various  applications  he 
had  made  of  his  discoveries, 
but  nithout  mentioning  dates. 
NoT.19or20.  Ordered  his  third  lamp. 
Nov.  30.  Tried  his  third  lamp  in  the 

mine. 
Dec.  5,  Exhibited   his   third  lamp 

to  the   Literary  and  Philoso- 
phical Society  in  Newcastle. 
Dec.  31.  Before   this    period    "  had 

presented    to    the  miner  the 
wire  gauze  lamp. "^3 

What  made  the  struggle  was,  that  the  meeting  of  coalowners 
had  called  in  Sir  Humphrev  Davy,  and  while  he  was  busy,  George 
Stephenson,  a  common  workman,  of  his  own  free  will,  stepped  in 
between  the  meeting  and  Davy.  The  coalowners  did  not  deal 
fairly  with  Stephenson,  for  after  calling  a  lueeting  to  thank  Sir 
Humphrey  Davy  for  "the  Invention  of  his  Safety  Lamp,"  and 
throwing  off  Stephenson,  on  the  ground  that  the  meeting  was  to 
thank  Davy  only  for  what/ie  had  done,  free  from  what  any  one  else 
had  done,  they  made  it  to  thank  Davy  "  for  his  invention  of  the 
Safety  Lamp" — which  was  another  thing  altogether.  Having  done 
this,  they  gave,  as  a  sop,  the  hundred  guineas  to  Stejihenson ;  but 
he  and  his  friends  would  not  stand  still  under  this  slight.  They 
could  have  nothing  to  say  as  to  what  might  be  given  to  Davy,  but 
they  had  when  Stephenson  vias  set  aside. 

VI.   ENGINEEBING. 

In  1813,  when  he  was  thirty-three,  Stephenson  had  been  set,  as 
we  have  seen,  to  overlook  the  engines  at  Killingworth,  in  which 
higher  berth  he  brought  out  his  locomotive  engine  and  his  safety 
lamp  ;  so  that  Killingworth  had  its  own  works,  as  well  as  U'ylam 
or  any  other  colliery.  His  son  was  being  brought  up  at  Newcastle, 
and  afterwards  he  sent  him  to  Edinburgh,  that  he  might  be  at  its 
University — then  at  its  height,  and  one  of  the  greatest  schools  of 
its  day. 

In  1814  he  brought  out  his  first  locomotive,  and  in  1815  he  was 
busy  with  the  safety  lamp,  and  the  second  locomotive.  He  Lad 
likewise  some  work  in  laying  down  slopes  and  railways. 

He  had  not  been  able,  as  we  have  seen,  to  take  out  a  patent 
when  he  made  his  first  engine,  but  he  soon  after  became  known  to 
Mr.  R.  Dodd,  and  with  him  took  out  a  patent  on  the  'istli  February, 
1815,  for  a  method  of  communicating  power  to  the  engine  without 
the  cog-wheels  used  in  the  first  engine. '•"• 

The  plan  proposed  was  the  application  of  a  pin  upon  one  of  the 
spokes  of  the  engine-wheels  ;  the  connecting-rod  fixed  to  the 
cross-beam  of  the  engine,  and  moving  with  the  piston,  being 
attached  at  the  lower  end  to  the  spoke  of  the  v\heels,  and  working 
in  a  ball-and-socket  joint.  Tlius  the  reciprocating  motion  of  the 
piston  was  converted,  by  the  pin  acting  as  a  crank,  into  a  rotatory 
motion.  To  keep  the  cranks  at  riglit  angles  v\ith  each  other, 
Stephenson  used  an  endless  chain  of  one  broad  and  two  narrow 
links,  which  lay  upon  a  toothed  wheel  fixed  to  each  axle.  The 
teeth  stood  out  about  an  inch  from  the  wheel,  and  went  in  between 
the  two  narrow  links,  leaving  a  broad  link  between  every  two  cogs, 
and  resting  on  the  rim  of  the  wheel.  Thus  the  chain  moved  round 
with  the  wheel,  and  one  wlieel  could  not  be  moved  round  without 
the  other.     This  chain  he  afterwards  gave  up. 

S3  Morning  Chronicle,  Dec.  18,  1815.— Newcastle  ChroLiclf,   Dec.  23,    1815. 
8  «  I.ardiier  on  the  Steum-Engine ;  Ritchie  on  Builways,  p.  222 ;  Stuari't  Aneciloles  of 
the  Steaui  £u(iine. 
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This  eng:ine  was  put  to  work  on  the  Killingworth  Railway. 

In  1816,  Trevithick  left  England  for  the  West  Indies,  leaving 
the  locomotive  to  look  after  itself,  for  what  he  knew.  Stephenson, 
however,  looked  after  it.  In  this  year  he  took  out  a  patent  with 
Mr.  William  Losh,  a  great  engineer  of  Wallsend  and  Newcastle. 
Among  other  improvements  was  that  of  "  sustaining  the  weight, 
or  a  proportion  of  the  weight,  of  the  engine  upon  pistons,  moveable 
within  the  cylinders,  into  which  the  steam  or  water  of  the  boiler 
is  allowed  to  enter,  in  order  to  press  upon  such  pistons,  and  which 
pistons  are,  by  the  inteivention  of  certain  levers  and  connecting- 
rods,  or  by  any  otlier  effective  contrivance,  made  to  bear  upon  the 
axles  of  the  wheels  of  the  carriage  upon  which  the  engine  rests." 

The  cylinders  were  open  at  the  bottom  and  screwed  upon  the 
frame  of  the  engine.  The  piston,  wliich  was  solid  and  packed  in 
the  common  way,  was  furnished  with  an  inverted  rod,  the  lower 
end  of  which  passed  through  a  hole  in  the  frame,  and  supported 
the  engine,  and  pressed  upon  the  chair,  which  rested  on  the  axes 
of  the  wheels  upon  which  the  carriage  moved.  This  chair  had 
motion  up  and  down  the  piston-rod.  The  pressure  of  the  steam 
upon  the  piston  transmitted  the  weight  to  tlie  axle,  and  the  re- 
action took  an  equal  weight  from  the  engine,  and  the  steam  served 
the  purpose  of  an  elastic  spring.^' 

Mr.  Ritchie  objects  to  this  invention,  that  it  aimed  at  too  much, 
was  too  complicated,  and  not  precise  enough  to  be  of  much  use. 

Messrs.  Steplienson  and  Losh  had  their  patent  likewise  for  a 
cast-iron  rail,  which  was  held  to  be  an  improvement  on  the  rails 
then  used.-"  As  railways  were  then  laid,  the  wagon-wheels  met 
with  a  hindrance  at  the  joints,  and  a  shock  was  given,  and  the 
rails  put  out  and  broken.  Stephenson  therefore  wished  to  (ix  the 
rails  fast  in  tlie  chairs.  His  rails  were  made  with  a  half-lap  joint, 
having  a  pin  or  bolt,  which  fixed  them,  so  that  the  end  of  one  rail 
should  not  rise  al)ove  the  end  of  the  next  one,  and  so  that  the  rails 
should  not  yield  if  the  block  sank. 

We  have  seen  that  in  J  817,  Stephenson  was  busy  in  his  struggle 
with  Davy  about  the  safety  lamp.  In  the  next  year,  the  dinner 
was  given  to  him,  and  he  was  laying  down  railway  works  and 
making  engines. 

In  that  year  (1818),  and  in  the  next,  he  gave  his  time,  as  Nicholas 
Wood  acknowledges,'^'  to  experiments  with  VVood  on  railways, 
which  have  been  printed. 

His  son  had  now  become  an  under-viewer,  and  was  a  helper  to 
his  father. 

Perhaps  about  this  time  he  first  came  up  to  London  for  the 
patents. 

We  have  followed  Stephenson  so  far  until  he  is  upon  the  eve  of 
starting  in  a  new  path,  and  we  find  him  in  a  new  walk  of  life,  and 
much  better  off.  We  have  seen  his  beginning  from  his  fatlier's 
cot,  his  struggles  as  a  workman,  his  care  as  a  father,  and  tlie 
spreading  of  his  name  after  making  the  locomotive  and  tlie  safety 
lamp.  He  had  begun  to  reap  some  reward  from  his  toil,  and 
instead  of  being  poor  and  penniless,  he  had  had  eleven  hundred 
guineas  given  to  him  beyond  what  he  had  earned.  From  being  the 
man,  he  had  become  the  master;  from  being  the  learner,  he  was  to 
be  henceforth  a  teacher.  He  had  a  share  in  two  patents,  and 
there  was  a  call  for  his  work,  for  besides  his  old  masters  at  Kil- 
lingworth,  the  neighbouring  coalowners  were  now  among  his 
friends. 

As  his  rise  had  been  quick,  and  he  was  brought  at  once  into  the 
fellowship  of  tlie  northern  gentry,  his  honours  came  blushing  thick 
upon  him.  He  did  not  so  fully  feel  his  own  weight,  but  having  been 
kept  down  so  long,  he  hailed  willingly  the  hands  which  were 
stretched  forth  towards  him  ;  taking  everything  as  a  kindness  held 
out  to  him,  instead  of  looking  upon  it  as  a  right.  His  greatness  had 
not  grown  gradually  upon  him, — he  did  not  settle  slowly  in  his  seat: 
he  was  marked  as  a  new  man,  and  always  through  life  he  had  a  quick 
feeling  of  his  lowly  beginning.  It  was  better,  perhaps,  that  it  was 
80,  for  he  kept  up  a  kindly  feeling  with  all  around;  whereas,  had  he 
taken  on  him  the  bearing  of  a  great  man,  as  many  do,  he  might 
have  lorded  it  over  the  world,  but  he  would  have  missed  what  was 
dearer  to  him  than  this — the  love  of  his  fellow-men.  He  was  thank- 
ful for  everything,  and  therefore  kindly  to  every  one.  As  he  did 
not  look  for  much,  or  stand  upon  his  rights,  he  was  seldom  wronged 
and  always  happy. 

25  Ritcbie  oa  Railways,  p.  226.  26  Ritchie  on  Railways,  p.  Sl-37. 

2  7   Wood  on  Railways. 


Tons. 

Tons. 

1846. 

1847. 

11,173 

12,1119 

8,420 

12,320 

1,992 

31 

2,944 


CONTRIBUTIONS  TO  RAILWAY  STATISTICS, 

In  1846,  1847,  and   1848.— By  Hyde  Clarke,  Esq. 
(Continued  from  page  272.J 
No.  IX.— SAND  TRAFFIC. 
Sand  is  a  large  article  of  traffic.     The  amount  detailed  in  each 
year  ending  June  30,  stands  thus — 

Company.  Tons. 

1845. 

Arbroath  and  Forfar,  

Bodmin  and  Wadebridge,    12,227 
IjOndon  and  Croydon,  3,000 

Leicester  and  Swannington,  

West  Cornwall  (Hayle),  

Wishaw  and  Coltness,  2,921 

The  receipts  in  each  year  stand  thus^ 
Company.  1845. 

Arbroath  and  Forfar,  £1,310 

Bodmin  and  Wadebridge,  

London  and  Croydon,  450 

Leicester  and  Swannington,        

West  Cornwall  (Hayle),  

Wishaw  and  Coltness,  21 

Some  of  the  returns  mix  up  gravel,  ballast,  and  sand. 
The  sand  on  the  Bodmin  and  M^adebridge,  and  Hayle  Railways 
(15,2()4.  tons  in  1847),  is  sea-sand  used  as  manure.  Sand  is  used  for 

building,  agricultural,  and  domestic  purposes.     '^'■"'- ="''  '" 

the  Croydon  is  partly  for  sanding  floors. 
The  rates  are  as  follows  : — 


2,764 


1846. 

1847. 

£414 

£447 

882 

1,293 

298 


32 


That  carried  on 


London  and  Croydon, 
Bodmin  and  Wadebridge, 
Leicester  and  Swannington, 
Wishaw  and  Coltness, 
Arbroath  and  Forfar, 
Lancashire  and  Yorkshire, 
On  the  Durham  and  Sunderland  Railway,  ballast 
shipping  purposes.     The  return  stands  thus — 
1845.  1846.  1845. 

30,336  tons.  36,567  tons.  £506 


3-75rf.  per  ton  per  mile. 
3-00        „ 

2  20  „ 

1-97 

1-33 


is  carried  for 

1846. 
£609 


little 


No.  X.— SLATE  TRAFFIC, 
information  as  to  the  quantity  of  slate  carried. 


There  is  . 

In  the  year  ending  1846,  there  were  carried  on  the  W  ishaw  and 
Coltness  Railway  1,280  tons,  for  which  £41  was  received. 

The  rates  for  carrying  slates  per  ton  per  mile  are  as  follows  :  — 
Ballochney,  ..  30rf. 

Newcastle  and  Carlisle,  2'0(i. 

Wishaw  and  Coltness,  l'3(f. 

No.  XL— BRICKS  AND  TILES. 

That  railways  cause  a  large  saving  in  many  places  in  the  carriage 
of  bricks  is  shown  by  the  quantities  carried.  Many  new  brick- 
fields and  tile-works  have  been  opened  to  take  advantage  of  these 
facilities,  as  well  as  of  the  cheap  coal,— in  the  same  manner  as  they 
are  opened  near  canals. 

The  quantities  detailed  in  each  year  ending  June  30,  are  as 
follows : — 


Lancashire  and  Yorkshire  (Preston  and  Wyre), 

Leicester  and  Swannington, 

London  and  Croydon, 

Maryport  and  Carlisle, 

Wishaw  and  Coltness,  •• 

Whitehaven, 

The  amounts  received  were — • 

Lancashire  &nd  Yorkshire  (Preston  and  Wyre), 

Leicester  and  Swannington, 

London  and  Croydon, 

Maryport  and  Carlisle, 

Wishaw  and  Coltness,  •• 

Whitehaven, 

*  For  half  year  only. 

The  rates  of  carriage  per  mile  per  ton  ar( 
Bodmin  and  Wadebridge, 
Ballochney, 

Leicester  and  Swannington, 
London  and  Croydon,     .. 
London  and  South  Western, 
Maryport  and  Carlisle, 
Wishaw  and  Coltness, 
Whitehaven, 


Tons. 

Tons. 

Tons. 

1845. 

1846. 

1847. 

1,000 

746 

503 

500 

370 

1,209 

291 

2,031 

•1,541 

44 

•86 

1845. 

1846. 

1817. 

£  — 

£  — 

£  117 

92 

60 

— 

50 

— 

— 

40 

99 

— 

12 

95 

•4a 

— 

2 

*  4 

as  follows : — 

4-OOd 

3-00 

300 

300 

2-09 

2-09 

105 

1-80 
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The  only  return  of  tiles  carried  for  building  or  agricultural 
purposes  is  that  of  the  Wishaw  and  Coltness  Railway  for  the  year 
ending  June  30,  1846,  502  tons.   Receipts  £20. 

The  only  return  of  clay  carried  for  brick-making,  pottery,  or 
other  purposes,  is  that  of  the  Wishaw  and  Coltness  Railway,  1846, 
346  tons  ;  and  1847,  475  tons.     Receipts,  1846  £0,  and  181-7  £8. 

The  rates  for  the  carriage  of  bricks  are  generally  too  high,  and 
are  exclusive  of  loading.  Twopence  per  ton  per  mile  would  be 
enough. 

T)ie  above  returns  give  no  means  of  calculating  the  quantity  of 
bricks  and  tiles  carried  on  the  whole  length  of  railway. 

No.  XII.— MISCELLANEOUS  MINERAL  TRAFFIC. 
Besides  the  articles  already  enumerated  are  many  otiiors,  as  lead 
ores,  copper,  brass,  lead  and  tin  manufactured,  salt,  sulplnir,  ronian 
cement,   glass,   pottery,  fullers'-earth,  &c.,  but  as  to  which  no  in- 
formation is  to  be  got. 

The  rates  for  carrying  salt  are  as  follows,  per  ton  per  mile  : — 
Bodmin  and  Wadehridge,  4-OOrf. 

Newcastle  and  Carlisle,  2-50 

London  and  Brighton,  2'24 

Lancashire  and  Yorkshire,  1-32 

The  rate  for  carrying  fullers'-earth  on  the  London  and  Brighton 
Railway  is  2-24(/.  per  ton  per  mile. 

No.  XIII.— MINERAL  TRAFFIC. 
The  whole  mineral  tralBc  shows  the  follovying  results  in  tons  : — 


1845. 

1846. 

1847. 

Coal  and  Coke, 

7,000,000 

8,000,000 

8,900,000 

Iron-stone, 

400,000 

500,000 

600,000 

Iron, 

230,000 

230,000 

300,000 

110,000 
23,0«0 

110,000 
23,000 

Copper  and  Tin, 

23,000 

Limestone  and  Lime, 

200,000 

250.000 

300,000 

Building  Stones, 

200,000 

400,000 

600,000 

Sand, 

30,000 

30,000 

37,000 

Ballast, 

30,000 

30,000 

36,000 

Bricks  and  Tiles, 

2,000 

5,000 

5,000 

Miscellaneous, 

280,000 

300,000 

All  these  amounts,  except  for  coal,  are  far  below  the  mark ;  but 
they  establish  a  total  mineral  traffic  in  1847  of  not  less  than 
11,200,000  tons,  besides  unenumerated  articles. 

Besides  the  returns  already  given  are  the  following  miscellaneous 
returns,  of  Minerals  and  Stones  (1);  Stones  and  Timber  (3) ; 
Stone  and  Coal  (3)  ;   Stone  and  Bricks  (4). 


Tons. 

Tons. 

1846. 

1847. 

(1)  Brighton, 

95,315 

(1)  Lancashire  and  Yorkshire, 

•10,660 

33,177 

(1)  Norfolk, 

•5,S00 

11,659 

(I)  St.  Helen's, 

25,060 

(2)  Dublin  and  Drogheda, 

9,686 

3,745 

(2)  Great  North  of  England, 

8,298 

(2)  London  and  South  Western, 

*4,984 

(2)   Eastern  Union, 

*5,951 

(3)  London  and  Brighton, 

55,747 

(4)  West  Cornwall  (llayle), 

42,795 

The  amounts  received  were  as  follows : — 

Company. 

1846. 

1847. 

(1)  Brighton, 

£ 

X9,095 

(1)  Lancashire  and  Yorkshire, 

•2,024 

5,532 

(1)  Norfolk, 

•716 

1,184 

(1)  Saint  Helen's, 

1,002 

(2)  Dublin  and  Drogheda, 

726 

549 

(2)  Great  North  of  England, 

•2,720 

(2)  London  and  South  Western, 

•4,934 

(2)  Eastern  Union, 

•305 

(3)  Loudon  and  Brighton, 

4,287 

(4)  West  Cornwall  (Hayle) 

6,304 

No.  XIV.— TIMBER  TRAFFIC. 

The  quantity  of  timber  carried  in  each  year  ending  June  30,  as 
detailed  in  the  returns,  is  as  follows  : — 


Tons. 

Tons. 

Tona. 

1845. 

1846. 

1847. 

Great  North  of  England, 

1,000 

Lancashire  and  Yorkshire, 

*667 

4,837 

Maryport  and  Carlisle, 

2,434 

1,774 

Whithy  and  Pickering, 

911 

Whitehaven, 

*303 

*198 

Wishaw  and  Coltness, 

148 

1,435 

*2,451 

«  Half-year. 

The  amounts  received  are  as  follows  :— 


Great  North  of  England, 
Lancashire  anil  Yorkshire, 
Mar; port  and  Carlisle, 
M'liitby  and  Pickering, 
Whitehaven, 
Wishaw  and  Coltness, 


£  100 


506 


130 


•667 
339 
*37 
•20 
117 


1,453 
331 

•15 

•81 


The  rates  for  the  carriage  of  timber  are  as  follows : — 


5-OOrf.  per  ton  per  mile. 

3-00        „  „ 

3  00 

2-50         „  „ 

2-50 

2-35 

2-33 

*-24 


Whithy  and  Pickering, 

Ballochney, 

Whitehaven, 

Bodmin  and  Wadehridge, 

London  and  South  Western, 

Wishaw  and  Coltness, 

Maryport  and  Carlisle, 

Lancashire  and  Y'orkshire, 
Timber  is  in  some  returns  mixed  up  with  stone  traffic,  as  seen  in 
No.  XI n. 

On  the  Cornish  and  Northern  lines,  timber  is  carried  for  mining 
purposes  ;  in  tlie  agricultural  districts,  for  hop-poles  and  fences  ; 
on  all  lines  for  building.  Bark  is  carried  ou  the  Southern  rail- 
ways. 

In  1845,  I  estimated  the  quantity  of  timber  carried  at  40,000 
tons,  and  there  seems  no  reason  for  doubting  that  this  is  a  safe 
estimate. 

No.  XV.— BUILDING  TRAFFIC. 

On  the  whole,  railways  afford  great  accommodation  to  the  build- 
ing interests,  though  not  to  that  extent  which  they  may  and  will 
do  when  the  traffic  is  more  developed. 

The  following  is  an  estimate  of  the  traffic  carried  on  for  building 
purposes  under  each  head  : — 

Tons.  Tons.  Tons. 

1845.  1846.  1817. 

Stone,                      200,000  400,000  600,000 

Bricks  and  Tiles,         2,000  5,000  5.000 

Timber,                     40,000  40,000  50,000 

Lime,                         5U,UU0  50,000  50,000 

Saud,                           10,000  10,000  10,000 


Total,  300,000  400,000  715,000 

The  rates  for  the  carriage  of  each  of  these  articles,  though  below 
those  on  roads  and  canals,  are  still  too  higli  for  the  development  of 
the  traffic.  It  is  a  great  disadvantage  that  most  of  these  articles — 
stone,  timber,  and  bricks — gi\e  much  trouble  in  loading  and  un- 
loading. 

No.  XVI.— FISH  TRAFFIC. 

This  traffic  is  of  the  greater  importance,  as  it  gives  a  positive 
addition  to  the  supply  of  food  in  the  country,  and  is  therefore  of 
great  national  beneiit.  Railways  stimulate  the  production,  or 
economise  the  cost  of  production,  of  grain,  meat,  and  other  article 
of  food;  but  all  fish  that  can  be  carried  inland,  is  so  much  added  to 
the  resources  of  the  country.  In  this  respect,  railways  have  done 
much  and  can  do  more,  both  for  the  supply  of  food  to  the  country, 
and  the  promotion  of  the  fisheries. 

In  the  beginning  of  last  year,  I  laid  before  Mr.  Hudson  a  sug- 
gestion for  extending  the  carriage  of  fish,  as  a  means  of  relieving 
the  famine,  and  to  wliich  he  gave  his  approval.  In  the  last  session, 
Mr.  Wyld,  M.P.,  called  the  attention  of  the  House  of  Commons  to 
my  plan  for  increasing  the  consumption  of  fish,  by  adopting  it  as 
an  article  of  occasional  diet  in  workhouses  and  prisons.  This 
would  cause  an  increased  consumption  of  at  least  20,000  tons  of 
fish.  Sir  George  Grey  said  there  was  no  objection  to  the  adoption 
of  this  plan,  provided  enough  fish  were  given. 

In  consequence  of  the  progress  of  the  railway  traffic,  there  has 
been  a  great  increase  in  the  consumption  of  fish  inland.  A  very 
strong  proof  of  this  is  given  in  the  case  of  Bii'mingham,  where 
they  find  it  necessary  greatly  to  enlarge  the  fish  market. 

On  the  South-Western,  Eastern  Counties,  and  other  metropolitan 
railways,  great  numbers  of  fish  hawkers  go  down  by  the  early 
trains. 

It  is  very  much  to  he  regretted  that  there  is  a  great  dearth  of 
information  on  tliis  very  important  subject;  and  it  is  very  desirable, 
in  consequence  of  the  absence  of  definite  information,  that  a  parlia- 
mentary return  should  be  obtained  of  tlie  quantities  of  fish  carried 
by  railway.  This,  however,  can  only  be  obtained  by  approximation, 
as  all  the  fish  is  not  carried  in  bulk,  but  very  much  is  carried  as 
parcel  traffic,  and  some  by  pa,ssengers  as  luggage. 

*  Half-year. 
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The  only  returns  are  the  following : — 


Tona. 
1844. 


Tons. 
18  tj. 


Tons. 
1846. 
•5,100 

t2,775 
{350 


Tons. 
1847. 


t7,102 


1847. 

£ 

t3,895 


Company. 

Enstern  Counties  (Cambridge)         

Great  North  of  England,  1,218  867 

Norfolk,  ..  • • 

Whitliy  and  Pickering,  777  1,109 

The  receipts  stand  as  follows  : — 

1814.  1845.  1846. 

Oreat  North  of  England,  £1,378         £1,020  £ 

Norfolk,  ..  tl.730 

Whitby  and  Pickering,  777  330  1156  

*  EstimatuJ.  t  Half-year.  t  Two  months. 

The  rates  are  high.  The  following  are  the  rates  per  ton  per 
mile. 

London  and  Brijhton,  S-GOd. 

Great  North  of  England,  5'55 

■Whitby  and  Pickering,  5"00 

Preston  and  Wyre,  4'00 

London  and  South  Western,       3- 
Norfolk,  . .  2-3 

The  Great  Western  are  known  to  carry  a  great  quantity  of  fish 
over  the  South  Devon  line.     The  receipts  are  said  to  be  £250  per 
week. 
The  traEBc  of  the  lines  given  above  maybe  estimated  as  follows  : 
Eastern  Counties  (Cambridge)  5,100  tons. 

Great  North  of  England,     '  1,000     „ 

Norfolk,  ..  12,000     „ 

Wiiitby  and  Pickering,  1,100     „ 

Total,  19,200 

This  is  nearly  20,000  tons  on  four  lines  of  railway,  and  not 
including  the  Eastern  Counties  (Colchester),  Brighton,  South- 
Western,  Great  Western,  South-Eastern,  Hull  and  Selby,  Liver- 
pool and  Manchester,  and  Preston  and  Wyre. 

In  184.5,  I  estimated  the  railway  traffic  in  fish  at  13,000  tons, 
which  must  have  been  much  below  the  mark. 

The  following  is  an  estimate  of  the  amount  now  conveyed  :— 


Districts. 

Tons. 

Scotland, 

2,000 

Northern, 

4,000 

Midland, 

2,000 

Western, 

2,000 

South  Western, 

4,000 

Southern, 

4,000 

Eastern, 

25,000 

Total,  43.000 

This  traffic  is  very  remunerative,  and  does  not  bring  less  than 
10*.  per  ton.  If  parcels  were  taken  into  the  account,  the  gross 
tonnage  offish  carried  may  be  reckoned  as  70,000  tons;  or,  on  the 
lowest  computation,  the  food  of  as  many  individuals. 

No.  XVII.— GRAIN  TFvAFFIC. 

The  conveyance  of  grain  and  flour  is  irregular ;  for  though  there 
is  a  fixed  quantity  carried  to  the  local  markets,  the  import  of 
foreign  corn  is  fluctuating. 

The  returns  for  the  years  ending  June  30,  are  as  follows  : — 


Company. 

Great  North  of  England, 

Lancashire  and  Yorkshire, 

London  and  Croydon, 

Manchester  and  Bolton, 

Maryport  and  Carlisle, 

Norfolk, 

Slamannan,  ,. 

Whitby  and  Pickering, 

Whitehaven, 

Wisbaw  and  Coltness, 


Tons. 
1845. 
5,901 

45 

229 


407 


Tons. 
1846. 


Tons. 
1847. 


•39,082       117,312 


2,434 
•8,796 

»S9 

27 

1,333 


•4,351 

120 

•17,771 

2,624 

•44 


The  amounts  received  in  each  of  the  years  are  as  follows  : — 


Company.  1845. 

Great  North  of  England,  £1,284 

Lancashire  and  Yorkshire,    

London  and  Croydon,  5 

Manchester  and  Bolton,        — — 
Maryport  and  Carlisle,  31 

Norfolk,  . .  

Slamannan  ..  — 

Whitby  and  Pickering,  142 

Whitehaven,         . .  

Wisbaw  and  CoUness, 


1846, 

£ . 

•13,176 


97 
•1,091 


1847. 

£  

"'36,260 

•415 
13 

•2,082 
282 


4 
2 

48 


•4 


*  Return  for  the  half-year  of  grain  end  provisions. 


The  rates  are  as  follows,  per  ton  per  mile  :— 

Bodmin,  ..  4-00(7. 

Maryport  and  Carlisle,  4-00 

Whitby  and  Pickering,  4'00 

Whitehaven,  . .  3-10 

Ballochney,  . .  3-00 

AVishaw  and  Coltness,  2  32 

Lancashire  and  Y'orkshire,  2-29 

Arbroath  and  Forfar,  2-12 

■   Norfolk,  ..  125 

The  amount  of  grain  and  meal  carried  by  railway  is  certainly 
not  under  a  quarter  of  a  million  of  tons,  and  most  probably  exceeds 
three  hundred  thousand  tons. 

Througli  the  kindness  of  Mr.  Waddington,  I  have  been  favoured 
with  the  following  return  of  grain,  flour,  and  seed,  carried  for  the 
London  markets  by  the  Eastern  Counties  Railway. 


Half-year 
ending 


June  20, 

1847. 
Dec.  25, 
1847. 
June  24, 
1348,  to 
Aug.  12, 
1848. 


Flour. 

Sacks, 


126,269 
113,365 
149,957 


Malt.     Wheat. 
Qrs.  Qrs. 


99,114  20,850 

81,688  '  24,287 

I 

139,078  ;  26,649 

28,300  14,847 


Barley. 
Qrs. 

Oats. 

Qrs. 

Beans. 
Qrs. 

P*as. 
Qrs. 

Seed. 
Sacks. 

4,409 

11,326 

3,643 

1,079 

15,099 

14,888 

2,934 

3,239 

1,999 

9.904 

9.990 

16,426 

1,858 

931 

11,445 

789 

2,132 

407 

140 

2,971 

Not  knowing  the  average  weights  of  the  above,  they  cannot  be 
reduced  into  tons. 

No.  XVIII.— PROVISION  TRAFFIC. 

There  are  no  means  of  estimating  the  provision  traffic  on  rail- 
ways ;   but  such  returns  as  there  are,  show  that  it  is  very  great. 

The  following  are  returns  of  tlie  number  of  tons  of  provisions 
carried  in  each  of  tlie  years  ending  June  30.  The  Lancashire  and 
Yorkshire,  and  Norfolk  returns,  already  given,  include  corn  ;  the 
Eastern  Counties  return  is  from  Mr.  Moseley,  through  Mr.  Wad- 
dington, and  includes  fish. 
Company. 


Tons. 
1845. 


Tons. 
1846. 


Tons. 
1847. 

30,000 

t3,968  117,312 
8,412       5,220 

3.632        

40,655        

t8,796  tl7,771 


Eastern  Counties,  . .  

Lancashire  and  Yorkshire,       . .  

Lancashire  and  Y'orkshire  (Preston  &  Wyre),      8,521 

London  and  Brighton,  ..  

London  and  South  Western,  

Norfolk,  . .  

South  Eastern,  ..  '10,000 

*  Fruit,  meat,  and  vegetables,  half-year,  3,583  tons,  LeaideB  fish,  bacon,  hams,  &c. 
t  Half-year. 

The  amounts  received  are  as  follows  : — 

1845.  1846.     1847, 

Lancashire  and-Yorkshire  (Preston  &  Wyre),  £2,591  £2,815  £1,740 

London  and  Brighton,             ..                            ——  4,373       — 

The  rates  charged  are  as  follows  per  ton  per  mile  : — 
London  and  Brighton,  5'69rf. 

Preston  and  Wyre,  400 

Loudon  and  South  Western,      2-57 
Ale  and  beer  are  carried  largely  on  the  South  Western,  New- 
castle and  Carlisle,  and  other  lines.     The  rates  on  the  London  and 
Soutli  Western  are  2-09a!.  per  ton  per  mile,  and  on  the  Durham 
and  Sunderland,  2d. 

To  the  tonnage  of  provisions  must  be  added  that  of  fish  and 
grain,  which  gives  the  following  returns  for  16t7  : — 

Fish.— Great  North  of  England,  1 ,000  tons. 

Norfolk,                 ..  12,000  „ 

Whitby  and  Pickering,  1,100  „ 

Grai7i. — Great  North  of  England,  6,000  „ 

Slamannan,           ..  2,000  ,, 

Wishaw  and  CoUness,  1,300  „ 

Provisiom. — Eastern  Counties,  30,000  , , 

Lancashire  and  Yorkshire,  117,312  „ 

„        Preston  and  Wyre,     5,220  „ 

London  and  Brighton,  3,632  „ 

London  and  South  Western,  40,655  „ 

Norfolk,                 ..  25,000  „ 

South  Eastern,      ..  10,000  „ 

In  1845,  I  estimated  the  supply  of  provisions  to  the  London 
markets  by  railway  as  follows,  to  which  I  subjoin  a  new  estimate. 
This  does  not  include  cattle. 
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- 

Tons. 

Tons. 

1845. 

1848. 

South  Eastern, 

7,000 

10,000 

Brijiliton, 

5,000 

30  000 

South  Western, 

20,000 

20,000 

Great  Western, 

30,000 

40,000 

London  and  North  Western, 

30  000 

30  000 

Eastern  Counties, 

15,000 

100,000 

Amoiif;  tliese  artirles  are  fresh  fish,  meat,  milk,  hutter,  fruit, 
&c.,  ivhii'h  cannot  he  hroujflit  from  fjreat  distances  except  hy  rail- 
way. Milk  is  now  largely  carried  on  the  Eastern  Counties  and 
other  railways,  under  arrangements  by  which  the  companies  take 
back  the  empty  cans. 

The  metropolis  is  now  the  seat  of  a  considerable  trade  in  provi- 
sions, supplyinjT  to  the  country  towns,  fish,  prime  beef,  poultry, 
fruits,  and  articles  of  foreign  provision. 

The  whole  ]>rovision  traffic  of  each  district,  including  fish  and 
grain,  may  be  estimated  as  under. 

District.  Tons. 

Northern,  100,000 

North  Western,  200,000 
Midland,  50.U00 

Western,  51,000 

South  Western,  30,000 

Southern,  50.000 

Eastern,  200.000 
This  estimate  does  not  include  Scotland.     It  is  very  vague  and 
much  under  the  mark. 

No.  XIX.— MANURE  TRAFFIC. 

This  traffic  is  of  great  value  to  the  agricultural  interests,  but 
tliere  is  a  want  of  adequate  information  respecting  it. 

The  following  are  returns  of  manures  carried  for  the  years 
ending  June  30. 

Company.                                  Tons.  Tons.  Tons. 

1845.  184G.  1847. 

Leicester  and  .Swanningloo,             496  221             

\l  isliaw  and  Coliness,                    1,056  2,516  •1,727 

York  and  North  Midland,              "5,943            

*  Half-year. 

The  tonnage  on  the  two  former  lines  is  chiefly  guano.  On  the 
'W'ishaw  and  Coltncss,  1,04'3  tons  were  carried  in  1846. 

The  amounts  received  are  trifling.     They  are  as  follows  : — 
ConipHny.  1845.  1846.       1847. 

Leicester  ami  Swannington,  £  49  £  19     £ 

Wishaw  and  C'oltness,                           27                 149           *'J5 
York  and  Nortli  iMidland,  "445        

*  Half-year. 

The  rates  are  as  under,  per  ton  per  mile. 

Newcastle  and  Carlisle  (guano)         2'5  d. 
London  and  Brighlon,  2  24 

Arbroath  and  Forfar,  2  12 

Leicester  and  Swannington,  2-00 

Lancashire  and  Yorkshire,  133 

Wishaw  and  Coltuess,  I-IO 

York  and  North  Alidland,  TOO 

Lime  and  sand  are  likewise  carried  as  manures. 
It  is  much  to  be  regretted  that  no  adequate  measures  are  taken 
for  applying  the  manure  of  towns.     In  the  metropolis  alone,  the 
waste  cannot  be  less  than  what  would  he  equivalent  to  raising  food 
for  a  million  of  ])eople. 

The  following  is  an  estimate  of  the  whok  amount  of  manures 
carried. 

Lime,  210,000  tons. 

SHnd,  30,000     „ 

Manure,  40,000     „ 

The  whole  quantity  is  perhaps  about  three  hundred  thousand 
tons,  and  it  may  be  safely  taken  that  there  is  a  production  of  food 
for  a  hundred  thousand  individuals  effected  by  means  of  railway 
transit. 

Bones  form  a  regular  article  of  transit  on  some  of  the  railways. 
The  charge  on  the  Arbroath  and  Forfar  Railway  is  '■2d.  per  ton 
per  mile. 

No.  XX.— MISCELLANEOUS  AGRICULTURAL  TRAFFIC. 

Many  small  articles  are  included  under  the  head  of  agricultural 
traffic,  as  to  which  there  are  a  few  scattered  details  in  the  re- 
turns. 

On  the  Soath-Eastern  Railway  hops  are  carried.  This  is  a  season 
traffic,  carried  on  one-half  year  onlv.  The  number  of  tons  in 
1847  was  7,248,  and  the  receipts  £7,741. 

The  rate  of  charge  on  the  London  and  Brighton  is  2-Sd.  per  ton 
per  mile. 


Malt  is  not  carried  so  much  by  railway  as  might  he  expected, 
because  the  malt  gets  shaken  up,  and  then  measures  less  on  de- 
livery, because  it  cannot  be  so  well  heaped  up.  As  the  ([ualitv  of 
the  malt  is  not  afl^ected,  this  is  only  a  temporary  prejudice  on  the 
part  of  the  dealers. 

The  charges  for  carrying  malt  are  on  the  London  and  South 
Western  Railway  3d.  per  ton  per  mile,  and  on  the  London  and 
Brighton  2-6Hd. 

Bark  is  carried  on  most  of  the  Southern  lines.  The  rates  are 
on  the  London  and  Brigliton,  2-68(/.,  and  on  the  London  and  South 
Western,  2,.57rf. 

Brooms  are  manufactured  near  the  London  and  South  Western 
Railway,  and  are  carried  at  the  rate  of  2'09d.  per  ton  per  mile. 

Hay  is  reckoned  hazardous  from  its  liability  to  catch  fire  from 
the  engine  sparks.  The  quantities  carried  and  amounts  received 
on  the  Newcastle  and  Carlisle  Railway  are — 

1846.  1847.  1846.  1847. 

968  tons.  1,003  tons.         £892         £  879 

The  rate  of  carriage  on  the  abo^e  railway  is  5d.  per  ton  per 
mile. 

Tliere  are  no  details  as  to  wool  traffic,  though  wool  of  home  and 
foreign  growth  is  carried.     The  rate  is  3d.  per  ton  per  mile. 

There  is  a  return  of  potatoes  carried  in  18 16  on  the  'Wishaw 
and  C'oltness  Railway,  43  tons  at  23Sd.  per  ton  per  mile,  the 
receipts  being  £2  only. 

The  rates  for  hides  are,  on  the  London  and  South  Western  S*5rf. 
per  ton  jier  mile,  and  on  tlie  London  and  Brighton,  3-5rf. 

The  following  are  mi.xed  returns  of  agricultural  produce  for  the 
years  ending  June  30. 

Company. 

Dublin  and  Drogheda. 
Great  Norlli  of  England, 
West  Cornwall  (Hayle), 
London  and  Brigliton. 

The  receipts  were  as  follow  s : — 
Dublin  and  Droglieda, 
Great  North  of  England, 
M'est  Coruvvall  (Hajle), 
Loudon  and  Brighton, 

No.  XXI.— AGRICULTURAL  TRAFFIC. 

The  preceding  sections  show  the  services  rendered  to  agriculture 
by  railways.  The  accommodation  may  be  classed  under  the  fol- 
lowing heads  : — 

Brought,  to  the  Farm. 

Building  materials,  draining  tiles,  hop-poles,  &c., 

Manures,  lime,  hones,  sand,  6cc., 

Hay,  turnips,  oil-cuke,  inc.,  for  feeding  stock. 

Clover  and  other  seeds, 

Salt, 

Coals, 

Lean  stock,  100,00fl  cattle  ;   250,000  sheep, 

Implenieuls  and  iron, 

E'isli, 

Foreign  provisions  and  groceries. 

The  whole  weight  carried  by  railway  to  the  farms  cannot  be 
less  than  6,000,000  tons,  on  which  a  very  great  saving  has  been 
effected. 

Produce  carried  to  Market. 

Head.  Tons. 

Cattle,  400,000         

Calves,  

Sheep,  1,7.")0,000         

Swine,  100,000         

Horses,  

Provi  ions,  700,000 

Grain,  

Other  produce,  hides,  hams,  wool,  hope,  malt,  ale,  beer,  ejder,  perry, 
bay  and  animal  food,  timber,  bark. 

No.  XXII.— PARCELS  TRAFFIC. 

This  is  a  well-paying  branch  of  revenue,  connected  with  the 
passenger  traffic,  and  has  been  latterly  much  improved.  The  sub- 
joined accounts  do  not,  however,  sliow  the  full  extent  of  the  parcel 
traffic,  as  a  great  portion  of  it  is  still  included  in  the  general 
account  for  goods,  the  carriers  making  up  parcels  as  goods.  The 
results  are  therefore  minimum  results. 


Tons. 

Tons. 

1846. 

1847. 

5,324 

6,0ti4 

63  323 

6,064 

1 ,3!)S 

26,804 

£1,867 

£1,823 

4,718 

288 

11,204 



Tons. 
35^1,000 
300  000 


15  000 
4  500,000 


10,000 


1818.] 
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The  following  shows  the  number  of  parcels  carried  in  each  year 
ending  June  30,  so  far  as  they  are  detailed  in  the  returns  : — 


Company. 

1845. 

1846.              1847. 

East  Lancashire, 

•23,733 

Eastern  Counties  (Colchester) 

184,545 

133,953              

Eastern  Union, 

60,808 

„               Ipswich  and  Burj 

) 

•10,920 

East  Anglian, 

2,783 

Kendal  and  Windermere, 

8,976 

Lancaster  and  Preston, 

32,000 

Lancaster  and  Carlisle, 

24,728 

Llanelly  and  Llandillo, 

S,597 

6,199               

Londonderry  and  Enniskillen, 

*2,231 

Lancasliire  and  Yorkshire, 

88,571 

203,239         392,402 

Newcastle  and  Carlisle, 

36,835 

40,962            38,817 

Manchester  and  Sheffield, 

*21,658 

South  Devon, 

26,855 

»  Halt 

-year. 

The  numbers  for  1817  may  be  made  out  thus : — 

East-Lancashire, 

.. 

40,000 

Eastern  Counties  :  Colchester, 

180,000 

„                    Cambridge, 

300,000 

Eastern  Union, 

60,000 

„            Ipswich  an 

d  Bury, 

20,000 

East  Anglian, 

, , 

2,783 

Kendal  and  Windermere, 

8,976 

Lancaster  and  Preston, 

30,000 

Lancaster  and  Carlisle, 

, , 

24,728 

Llanelly, 

., 

6,000 

Londonderry, 

., 

4,000 

Lancashire  and  Yorkshire, 

400,000 

Newcastle  and  Carlisle, 

38,817 

Manchester  and  Sheffield, 

40,000 

South  Devon, 

, 

20,855 

The  amounts  received  for  the  carriage  of  parcels  in  each  year 
stand  thus ;  the  amounts  for  1815  being  obtained  by  doubling  the 
half-year  ending  June  30,  1815  : — 


1845. 

1846. 

1847. 

Arbroath  and  Forfar, 

£230 

£326 

£410 

Ardrossan, 

*38 

Ballochney, 

28 

56 

71 

Chester  and  Birkenhead, 

700 

825 

852 

Caledonian  (Garnkirk)     .. 

•20 

Cockermouth  and  Workington, 

•a 

Dublin  and  Drogheda, 

1,800 

1,260 

1,377 

Dublin  and  Kingstown,    .. 

471 

354 

578 

Dundee  and  Arbroath, 

346 

733 

939 

„        Perth, 

•48 

„         Newtyle,       .. 

36 

52 

61 

Fastera  Counties :  Cambridge, 

3,000 

8,851 

10,902 

„                    Colchester, 

6,984 

5,444 

5,767 

Eastern  Union, 



1,100 

„            Ipswich  and  Bury, 

•303 

East  Anglian, 

131 

East  Lancashire, 

1,140 

Edinburgh  and  Glasgow, 

3,174 

2,715 

„               Dalkeith, 

160 

Furness, 

•3 

Glasgow  and  Greenock, 

1,885 

1,884 

Great  Southern  and  Western, 

2,349 

Great  AV'estern, 

30,000 

•14,983 

34,155 

Kendal  and  Windermere, 

107 

Lancaster  and  Preston, 

1,200 

1,370 

t454 

Lancaster  and  Carlisle, 

•241 

Lancashire  and  Yorkshire, 

4,074 

4,309 

6,225 

„                Manch.  and  Bolton,     860 

1,021 

„                Preston  and  Wyre,      340 

•253 

700 

Llanelly  and  Llandillo, 

338 

417 

London  and  North  Western, 

50,000 

60,4i7  ■) 

,,            Grand  Junction, 

20.000 

30,527  } 

104,748 

„            Manch.  and  Birm. 

5,751  3 

London  and  Blackwall, 

162 

201 

London  and  Brighton, 

6,009 

9,506 

„             Croydon, 

280 

•184 

London  and  South  M'estern, 

10,678 

10,629 

Londonderry  and  Enniskillen, 

•33 

Manchester  and  Sheffield, 

700 

•878 

1,679 

Maryport  and  Carlisle, 

158 

306 

344 

Blidland, 

21,000 

24,879 

28,980 

Newcastle  and  Carlisle, 

1,261 

1,389 

1,307 

North  Union, 

2,800 

2,893 

3,096 

South  Eastern, 

6,400 

7,035 

8,445 

„        Greenwich,    .. 

11 

142 

33t 

„        Gravesend  and  Rochester,  

39 

*U 

Scotch  Midland  (Coupar  and  Angus), 

127 

390 

*  Half-years. 

t  This  seems  to  be  erroneous. 

Slamannan, 

•14 

Stockton  and  Darlington, 

360 

479 

593 

Stockton  and  Hartlepool, 

172 

•40 

82 

„             .Clarence,            ■ 

•71 

158 

St.  Helen's, 

70 

•54 

110 

Shrewsbury  and  Chester, 

*312 

South  Devon, 

•41 

1,066 

Whitehaven, 

•20 

•40 

Wisbaw  and  Coltness, 

•30 

West  Cornwall  (Hayle) 

29 

63 

65 

York  and  Norih  Midland, 

10,618 

13,476 

„         Hull  and  Selby, 

2,800 

York  and  Newcastle, 

2,800 

8,256 

Middlesborough, 

114 

North  Shields, 

1,346 

1,495 

•354 

Durham  and  Sunderland, 

220 

186 

* 

Half.years. 

The  total  receipts  in  each 

,rear  are  as  follows  :  — 

1845. 

1846. 

1847. 

Detailed  returns. 

£156,910 

£208,952 

£266,043 

Add  for  half-years  omitted. 

16,500 

1,100 

Add  for  companies  omitted, 

40,000 

8,000 

2,400 

Total,  £196,910  £233,452     £269,543 

The  returns  of  parcel  traffic  are  the  only  returns  which  show 
any  improvement;  the  others  aiibrd  less  information  in  each  year. 

From  the  above  amounts  a  correction  has  to  be  made  for  pas- 
sengers' luggage  charged  in  excess,  included  in  the  parcels  returns. 
This  is  usually  about  6  per  cent,  of  the  gross  returns  ;  but  as  it  is 
deducted  in  some  cases,  5  per  cent,  is  a  sufficient  compensation. 
It  must  be  observed  that  in  some  cases  parcels  are  included  in  the 
goods  return. 

The  South  Devon  return  includes  receipts  for  telegraphic  mes- 
sages. 

Making  the  above  correction,  the  net  receipts  for  parcels  will  be 
1815.  1846.  1847. 

£186,000  £222,000  £255,000 

It  is  not  necessary  to  give  the  detailed  charges  for  parcels,  as 
they  include  sometimes  charges  of  booking  and  delivery. 

In  1811-5  the  number  of  parcels  enumerated  was  362,209,  and 
the  receipts  £ll,031,  which  gives  an  average  rate  of  9-29d.,  or  a 
little  more  than  9^.  per  parcel,  or  rather  more  than  28  parcels  per 
pound.  Taking  this  as  the  average,  the  total  number  of  parcels 
carried  in  1811-5  would  be  about  1,500,000. 

In  1815-6  the  number  of  parcels  enumerated  was  381,353,  and 
the  receipts  £ll,559,  which  gives  an  average  rate  of  7-2rf.,  or 
nearly  7-^rf.  per  parcel,  or  more  than  33  per  pound.  Taking  this 
as  the  average,  the  total  number  of  parcels  carried  in  1815-6  would 
be  about  7,100,000, 

In  1816-7  the  number  of  parcels  enumerated  was  530,611,  and 
the  receipts  ,£8,685,  which  gives  an  average  of  3-9d.,  or  nearly  id. 
per  parcel. 

It  is  questionable,  however,  whether  the  average  is  so  low  in 
any  of  the  years,  as  the  London  and  North  Western,  which  has  so 
large  an  amount  of  the  parcels  traffic,  is  not  taken  to  form  part  of 
the  average.  It  is,  however,  certain  that  the  average  rates  for  the 
conveyance  of  parcels  have  been  much  reduced.  A  fair  average 
will  be  18  parcels  per  pound  for  1811-5,  19  for  1815-6,  and  20  for 
1816-7.  This  will  give  the  whole  number  of  parcels  carried  by 
railway  in  each  year  as  under. 

1845,  3,350,000. 

1846,  4,200,000. 

1847,  5,000,000. 

The  number  of  parcels  carried  both  ways  to  each  town  may  be 
reckoned  thus ; — 


London, 

Manchester, 

Liverpool, 

Leeds, 

Birmingham, 

Glasgow, 

Bristol, 

York, 

Bath, 

Cambridge, 

Southampton, 

Dover, 

Brighton, 

Sbefheld, 

Preston, 

Edinburgh, 


1,500,000 

300,000 

200,000 

200.000 

200,000 

100,000 

100,000 

100,000 

100,000 

100,000 

100,000 

80,000 

60,000 

60,000 

50,000 

40,000 
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Hull,  36,000 

Kseler,  20,000 

Newcastle,  20.000 

Carii.-,lH,  20,000 

Chester,  10,000 

Dundee,  10,000 

Ipswich,  10.000 

111  consequence  of  new  arrangements  made  by  the  companies,  a 
great  increase  of  business  has  taken  j)lace  in  the  carriage  of  book- 
sellers' parcels.  Tliere  is  a  great  tendency  in  tlie  parcels  traffic  to 
increase  in  consequence  of  the  extension  of  the  supply  of  the 
local  grocers,  linen-drapers,  Ike.  from  London  and  the  great  towns, 
for  it  is  well  known  that  instead  of  taking  stock  a  few  times  yearly, 
they  now  receive  frequent  supplies. 

The  chief  parcels  traffic  is  on  the  following  lines : — 

No.  of  Parcels.      Receipts. 

London  and  North  Western,  2,000  000      £104,738 

Great  Western,  700,000  34,li35 

Midland,  600  000  2S,9Se 

Eastern  Counties,  480,000  1C,GG9 

Lancashire  and  Yorkshire,  400,000  5,225 

York  and  North  Midland,  300,000  13,470 

York  and  Newcastle,  300,(100  8,721 

London  and  South  Western,  200,000  10,029 

London  and  Brighton,  200,000  9,590 

South  Eastern,  200,000  8,793 

No.  XXIII.— MAILS. 

The  receipts  for  mails  in  each  of  the  years  ending  June  30,  is  as 
follows  ;  the  amount  for  1845  being  made  up  by  doubling  the 
return  for  the  half-year  ending  June  30,  1845  :— 


Company. 

1845. 

1816. 

1847. 

Arbroath  and  Forfar, 

i:40 

£40 

£40 

Arditissan, 

30 

30 

30 

Caledonian  (Garid(irk), 

15 

15 

Cljester  and  Birkenheiid, 

827 

83.5 

835 

Duhlin  and  Droghed^i, 

1,000 

1,000 

1,000 

Dundee  and  Arbrdath, 

630 

030 

C3G 

Eastern  Counties :  Cambridge, 

150 

4,ChS 

5,992 

„                Colchester, 

3,000 

3,390 

3,340 

„                N  orful  k , 

4,616 

Eastern  Union, 

1 ,396 

„         Ipswich  and  Bury, 

•54 

East  Lancashire, 

*25 

Ediubursh  and  Glasgow, 

1 ,800 

1,800 

Glasgow  and  Greenock, 

529 

529 

Glasgow  and  Ayr, 

497 

497 

Kendal  and  Windermere, 

•20 

London  and  Norih  Western, 

15,000 

15  832-] 

„         Grand  Junction, 

20,000 

22,479  ( 

38,492 

„       Liverpool  &  Manch. 

1,000 

( 

„       Manch.  and  liirui. 

45  3 

London  and  Blackwall, 

C2 

62 

62 

London  and  Brighton, 

2G0 
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London  and  Simtli  Western, 

6,303 

6,573 

Lancaster  and  I'reston, 

4,000 

Lancashire  and  Yorkshire, 

2,200 

2,379 

2,533 

„                Mancli.  &  Bolton,     101 

101 

„                Pre.'-li.n  and  W 

yre,  170 

170 

177 

Manchester  and  SheDield, 

•54 

256 

M.dland, 

11.000 

11,5H2 

11,928 

Newcastle  and  Carlisle, 

4,700 

700 

700 

North  Union, 

4,443 

4,443 

4443 

South  Eastern, 

7,200 

7,3.'.9 

7,100 

„                Greenwich, 

50 

50 

50 

Stockton  and  Darlington, 

375 

375 

375 

Stockton  and  Hartlepool, 

89 

■,,         Clarence, 

*22 

36 

TaffYale, 

203 

York  and  North  Midland, 

4,260 

S  111 

York  and  Newcastle, 

2,800 

5,588 

„        North  Shields, 

£0 

50 

50 

*  Halfye.T. 

The  total  receipt  detailed  in  1845  was  £77,000,  to  which  has  to 
be  added  for  omissions  £23,000,  making  a  gross  total  of  £100,000. 

The  total  receipt  detailed  in  1847  was  £lOS,872,  to  which  has  to 
be  added  for  omissions  £25,000,  making  a  gross  total  of  £130,000. 


THEORY  OF  STEAM-ENGINES. 

Account  of  flic  experiments  to  determine  the  principal  liivs  raid 
numerical  data  which  enter  into  the  calculation  of  Stcam-Enginee. 
By  M.  V.  Reonaii.t. 

(  Continued  from  page  268.^ 

Fourth  Memoir. — on  the  measurement  op  temperatures. 

We  do  not  as  yet  possess  any  direct  means  of  measuring  the 
quantities  of  heat  absorbed  by  a  body  under  given  circumstances, 
and  we  recognise  this  absorption  of  heat  only  by  the  changes  which 
occur  in  the  state  of  the  body,  or  by  its  dilatation.  Tlie  name 
thermometer  is  given  to  the  instrument  whose  object  is  to  indicate 
the  variations  in  the  quantities  of  heat  in  any  medium.  These 
instruments  are  generally  founded  upon  the  dilatation  wliich  bodies 
undergo  by  the  action  of  heat,  or  upon  the  changes  in  elastic  force 
which  the  same  bulk  of  a  gas  experiences  under  the  circumstances 
to  which  the  medium  is  submitted. 

A  perfect  thermometer  would  be  one  whose  indications  were 
always  proportional  to  the  quantity  of  heat  which  it  had  absorbed, 
or,  in  other  words,  one  in  which  the  addition  of  equal  quantities 
of  heat  produced  always  equal  dilatations.  To  fulfil  this  condition 
it  is  necessary,  either  that  the  capacity  for  heat,  and  the  dilatation 
of  the  thermometric  substance,  should  remain  invariable  during 
the  experiment,  or  that  these  two  elements  should  vary  strictly  in- 
versely as  each  other. 

Nor  would  the  perfect  thermometer  yet  indicate  the  quantity  of 
heat  absorbed  by  the  medium  under  given  circumstances,  unless 
this  medium  presented  the  same  advantages  as  the  thermometric 
substance — that  is,  unless  it  absorbed  equal  quantities  of  lieat  for 
equal  variations  of  temperature  as  noted  by  the  thermometer. 

But  a  comparative  study  of  the  dilatations  of  different  sub- 
stances under  the  same  circumstances,  quickly  shows  that  they  are 
far  from  following  the  same  law;  and  if  we  compare  together  the 
quantities  of  heat  absorbed  by  these  different  bodies  when  brought 
successively  to  different  temperatures,  measured  by  the  dilatations 
of  one  of  them,  we  see  that  these  quantities  are  variable,  and  un- 
equally variable  in  each  one  of  them,  without  our  having  been 
able  heretofore  to  show  the  relations  which  exist  between  these 
variations  of  capacity  and  the  changes  of  bulk. 

The  great  precision  which  can  be  obtained  in  the  construction  of 
the  mercurial  thermometer,  the  facility  with  which  the  thermo- 
metric liquid  may  be  obtained  of  the  same  degree  of  purity,  and 
the  great  extent  of  temperature  through  which  this  liquid  pre- 
serves the  same  state,  have  gi\en  to  the  mercurial  thermometer 
the  preference  over  aU  other  instruments  of  the  same  kind,  and 
have  caused  its  adoption  almost  exclusively  for  all  precise  experi- 
ments. 

But  there  is  an  essential  condition  which  every  apparatus  for 
measurement  ought  to  satisfy ;  it  is,  that  it  should  not  only 
remain  rigorously  comparable  with  itself — that  is,  that  it  should 
always  mark  the  same  degree  under  the  same  circumstances, — but  it 
is  moreover  necessary  that  we  should  be  able  to  reproduce  it  at 
will,  and  obtain  always  instruments  rigorously  comparable. 

Physical  philosophers  have  thought  that  they  had  completely 
attained  this  end,  by  making  the  scales  of  the  mercurial  thermo- 
meters agree  at  certain  normal  temperatures  which  are  easily  re- 
produced and  always  perfectly  identical ;  for  this  purpose,  they 
have  adopted  the  constant  temperature  at  which  ice  melts,  and 
that  not  less  ponstant  which  saturated  steam  presents  when  it 
exerts  an  elastic  force  of  70  millimetres.  But  I  have  shown 
(Annates  de  Chimie  et  de  Physique,  3rd  Sirie,  tome  y.,  pages  100  et 
seq.,J  that  two  mercurial  thermometers,  adjusted  for  the  same  fixed 
points  of  melting  ice  and  boiling  water  under  a  pressure  of  76 
mm.,  may  show  very  considerable  differences  in  their  movements 
beyond  these  fixed  points,  if  they  are  not  made  of  glass  of  the 
same  nature.  Even  when  the  glasses  of  the  reservoirs  present  the 
same  chemical  composition,  there  may  still  be  very  sensible  differ- 
ences in  their  indications  according  to  the  way  in  which  the  re- 
servoirs have  been  worked  in  the  glass-blower's  lamp,  the  molecular 
state  of  the  glass  undergoing  very  notable  alteratious  during  this 
working. 

The  mercurial  thermometer,  then,  as  it  has  been  constructed  up 
to  the  present  time,  is  defective  in  one  of  the  most  essential  con- 
ditions which  ought  to  be  required  of  an  apparatus  for  measure- 
ment— it  cannot  be  always  rejiroduced  in  the  same  state ;  and  the 
.different  instruments  of  the  same  kind  are  rarely  comparable  with 
each  other  beyond  the  fixed  points  of  their  scales. 

Physical  philosophers  thought  that  they  had  observed  that  all 
the  gases  dilate  exactly  the  same  fraction  of  their  volume  at  0°,  when 


1648.  J 


THE  CIVIL  ENGINEER  AND  ARCHITECT'S  JOURNAL. 


339 


they  are  carried  from  the  temperature  0"  to  that  of  100°  (32°  to 
212°  Fahrenheit).  This  law,  so  remarkable  for  its  simplicity, 
naturally  led  them  to  think  that  the  dilatation  of  the  gases  ought 
to  be  in  a  more  simple  ratio  to  the  quantities  of  heat  than  that 
of  solids  or  liquids.  Some,  more  bold,  even  concluded  that  the 
dilatation  of  gases  must  be  rigorously  proportioned  to  the  quan- 
tity of  heat,  and  that  the  gas  thermometer  was  the  true  normal 
thermometer  to  which  all  the'  phenomena  of  heat  ought  to  be 
referred. 

M'e  now  know  that  this  great  simplicity  in  the  law  of  the  dila- 
tation of  tlie  gases  is  far  from  existing.  I  have  shown  in  the 
memoir  upon  the  dilatation  of  gases  that  not  only  the  different 
gases  have  not  the  same  coefficient  of  dilatation,  but  that  even  for 
the  same  gas  this  coefficient  varies ,  with  its  density.  The  indica- 
tions of  gas  thermometers  then,  can  only  be  considered,  like  those 
of  other  tliermometets,  aj  functions  more  or  less  complicated  of 
the  quantities  of  beat.  : 

But  the  gas  thermometers  present  an  advantage  over  the  mer- 
curial,, and  in  general  over  all  liquid  or  solid  thermometers,  an 
advantage  which  arises  from  the  gi-eatness  of  the  dilatation  of  the 
thermometric  substance.  In  any  thermometer  formed  l)y  a  li(iuid 
or  gaseous  substance,  the  indications  of  the  instrument  depend 
upon  the  dilatation  of  this  substtince,  and  of  that  of  tlie  substance 
in  which  it  is  inclosed.  Now,  the  dilatation  of  mercury  is  only 
about  seven  times  greater  than  that  of  the  glass  which  Iiolds  it; 
and  the  variations  which  we  remark  in  the  law  of  the  dilatation 
of  the  dift'erent  glasses,  form  very  appreciable  fractions  of  the 
apparent  dilatation  of  the  mercury,  and  consequently  influence  in 
a  notable  manner  the  indications  of  the  instrument.  In  the  gas 
thermometer,  on  the  contrary,  the  dilatation  of  the  gas  being  one 
hundred  and  sixty  times  greater  than  that  of  the  glass,  the  viria- 
tions  of  the  law  of  dilatation  of  the  different  glasses  no  lonuer 
sensibly  influence  the  indications  of  the  apparatus,  and  do  not 
prevent  tlie  instruments  from  being  comparable. 

If,  then,  we  wish  to  proiit  by  this  important  property,  and  adopt 
the  gas  tliermometer  as  a  standard,  we  must  study  se\'eral  impor- 
tant questions,  so  as  to  fix  the  conditions  under  which  the  instru- 
ment will  remain  comparable. 

The  present  memoir  has  for  its  object  the  study  of  the  difl^erent 
methods  which  have  been  imagined  for  measuring  temperatures  in 
experiments  which  require  great  precision.  I  will  divide  it  into 
three  parts  :  in  the  first  part,  I  will  treat  of  the  gas  thermometer; 
in  the  second,  of  the  mercurial  tliermometer  ;  and  in  the  third,  of 
tlie  measurement  of  temperatures  by  means  of  thermo-electric 
currents. 

Part  I. — 0/  Gas   Thermometers. 

When  a  gas  enclosed  in  a  mathematically-elastic  envelope  is 
submitted  to  an  elevation  of  temperature,  its  volume  increases,  and 
the  gag  retains  the  same  elastic  force.  But  if  we  prevent  this 
dilatation  of  the  gas,  by  exerting  a  proper  degree  of  pressure  over 
tlie  whole  surface  of  the  envelope,  the  gas  retains  the  same  volume, 
but  its  elastic  force  increases. 

Tliere  are  then  two  modes  of  employing  a  gas  as  a  thermometric 
substance.  The  gas  may  be  placed  under  circumstances  such, 
tliat  the  pressure  which  retains  it  remains  constant,  and  its  increase 
of  bulk  be  observed ;  or  the  gas  maybe  compelled  to  keep  the 
same  bulk,  and  its  increase  of  elastic  force  be  examined. 

First  Method. — In  order  that  a  gas  should  realise  the  conditions 
prescribed  by  this  method,  which  are  very  nearly  those  found  in 
the  mercurial  thermometer,  it  would  be  requisite  that  the  gas  sub- 
mitted always  to  the  same  pressure,  should  expand  freely  in  a 
gauged  reservoir,  kept  throughout  at  the  same  temperature.  But 
these  indications  cannot  be  fulfilled  in  practice — at  least,  if  the  ap- 
paratus is  to  be  submitted  to  high  temperatures. 

The  thermometer  must  therefore  he  composed  of  a  reservoir 
which  is  to  be  exposed  to  the  temperature  which  it  is  desired  to 
measure,  and  a  gauged  tube,  united  to  the  reservoir  by  a  capillary 
tube,  which  removes  tlie  other  from  the  place  where  the  tempera- 
ture is  to  be  measured.  This  gauge  tube  fulfils  the  purpose  of 
the  graduated  stem  of  the  mercurial  thermometer,  and  serves  to 
collect  the  gas  which  the  rising  of  the  temperature  drives  out  of 
the  reservoir.  This  tube  may  also  be  kept  at  a  constant  tempera- 
ture differing  but  little  from  that  of  the  surrounding  air.  At  any 
moment  during  the  experiment,  the  gas  is  composed  of  two  parts  : 
the  first,  contained  in  the  reservoir,  is  at  tlie  temperature  to  be 
found,  the  other  in  the  tube  is  at  the  surrounding  temperature. 
These  two  portions  are  at  the  same  pressure,  whicli  may  be  brought 
as  nearly  as  is  desired  of  that  of  the  atmosphere.  The  equations 
derived  from  these  conditions  permit  us  to  calculate  the  required 
temperature. 


This  arrangement  is  the  one  adopted  by  M.  PouiUet,  in  his  air 
pyrometer,  and  M.  Regnault  himself  employed  it  in  his  fifth 
series  of  experiments  made  to  determine  the  dilatation  of  gases. 
It  presents  a  very  serious  inconvenience  when  the  apparatus  is  to 
be  used  for  the  measurement  of  high  temperatures.  In  fact,  it  will 
easily  be  seen  that  in  this  case  the  far  greater  part  of  the  air  will 
already  be  in  tlie  gauged  tube,  and  but  little  will  remain  in  the 
reservoir,  so  that  a  further  elevation  of  the  temperature  will  cause 
but  a  very  small  portion  to  pass  over  into  the  tube,  and  this  will 
with  difficulty  be  measured  with  the  proper  degree  of  accuracy. 

In  fact  it  can  be  easily  shown  that,  calling  the  temperature  .r, 
and  the  coefficient  of  dilatation  of  the  gas  a,  the  sensibility  of  the 
apparatus  will  vary  very  nearly  inversely  as  (1  -|-  ax)".  This  cir- 
cumstance led  M.  Regnault  to  reject  this  arrangement  for  a  gas 
thermometer. 

Second  Method. — In  the  second  method  the  gas  is  kept  constantly 
of  the  same  volume,  and  the  elastic  force  which  it  presents  under 
different  circumstances  is  measured  ;  then  from  these,  by  the  law  of 
Marriotte,  we  may  calculate  the  dilatations  which  the  gas  would 
have  undergone  if  the  pressure  had  been  kept  constant. 

The  apparatus  founded  upon  this  second  method  are  much  more 
easily  managed,  and  give  greater  precision  than  those  constructed 
according  to  the  first  method  :  they  have  moreover  the  advantage 
of  presenting  the  same  sensibility  at  high  as  at  low  temperatures. 
By  placing  in  these  appai'atus  air  of  atmospheric  pressure  when 
the  reservoir  is  surrounded  by  melting  ice,  we  are  sure  to  have  in- 
struments rigorously  .comparable.  Nevertheless,  if  we:  desire 
to  measure  very  higlr  temperatures— if  for  instance  the  instrument 
is  to  be  used  as  an  fiir  pyrometer — it  is  to  be  feared  tliat  the  elastic 
force  of  the  gas  within,  becoming  very  considerable,  the  envelope 
may  experience  a  permanent  change  of  form  under  the  great 
interior  pressures.  This  inconvenience  may  be  avoided  by  intro- 
ducing into  tire  apparatus,  air  under  an  initial  pressure  less  than 
that  of  the  atmosphere,  when  the  reservoir  is  at  0'.  In  this  way 
the  elastic  force  may  be  kept  within  limits  as  low  as  may  be  de- 
sired, but  it  is  evident  that  the  apparatus  becomes  less  sensitive  in 
proportion  as  the  elastic  force  of  the  gas  at  0°  is  feebler  ;  still,  as 
the  measurement  of  the  elastic  force  may  be  made  with  extreme 
precision,  the  indications  of  the  apparatus  will  be  in  the  gi  eater 
number  of  cases  sufficiently  exact,  even  though  the  initial  pressure 
of  the  gas  at  0^  was  but  one-fourth  of  that  of  the  atmospliere. 

But  here  a  very  important  question  presents  itself:  arc  air  ther- 
7nomelers  filled  with  air  at  very  different  densitiei  comparable  with  each 
other  ?  That  is,  will  such  instruments  agree  at  all  temperatures 
when  their  scales  have  been  made  to  accord  at  0°  and  100"  .''  We 
ha^/e  before  seen  (p.  240)  that  the  absolute  value  of  the  coefficient 
of  dilatation  of  a  gas  changes  very  notably  with  its  density ;  it  is 
required  to  know  whether  the  changes  of  density  will  not  produce 
besides,  sensible  differences  in  the  law  of  dilatation.  It  is  abso- 
lutely indispensable  to  decide  this  question  in  order  to  fix  the  con- 
ditions under  which  air  thermometers  shall  be  established  in  order 
to  be  comparable  with  each  other.  M.  Regnault  also  proposed  for 
himself  a  second  question,  which  he  thinks  not  le^s  important  than 
the  first — viz.,  do  gas  thermometers,  filled  with  gases  of  different  kinds 
accord  with  each  other  when  they  have  been  adjusted  at  0°  and  100°  ? 

The  apparatus  used  in  these  investigations  consisted  essentially 
of  two  gas  thermometers  placed  side  by  side  in  the  same  boiler. 

Each  of  these  thermometers  was  composed  of  a  globe  of  flint 
glass  (crystal),  of  from  700  to  800  cubic  centimetres  content,  ter- 
minated by  a  re-curved  capillary  tube,  and  a  manometric  apparatus. 
The  two  globes  were  kept,  by  copper  wires,  side  oy  side  on  a 
metallic  support,  consisting  of  two  metallic  plates  of  lozenge  form 
placed,  one  below,  the  other  above  the  globes,  and  united  by  iron 
rods  which  were  permanently  fixed  to  the  cover  of  the  boiler ;  the 
upper  plate  was  pierced  witli  two  holes  through  which  passed  the 
stems  of  the  air  thermometers,  and  with  two  other  holes,  situated 
in  a  line  at  right  angles  to  that  joining  the  first,  through  which 
passed  the  stems  of  two  merciu-ial  thermometers. 

The  boiler-cover  was  permanently  fixed  to  a  solid  partition,  and 
the  copper  boiler  was  attached  to  it  by  screw  bolts,  so  that  it  could 
be  removed  or  replaced  without  disturbing  the  thermometers. 

The  manometric  apparatus  was  composed  of  two  glass  tubes  of 
12  or  14  mm.  interior  diameter,  cemented  into  an  end  piece  of 
cast-iron  provided  with  a  stop-cock,  so  arranged,  that  by  properly 
turning  it,  you  could  at  pleasure  either  cause  the  two  tubes  to 
communicate  together,  or  dicharge  the  mercury  from  either  of 
them,  or  intercept  the  communication  of  the  tubes  with  each  other 
and  with  the  open  air.  The  manometers  were  fixed  to  the  side  of 
the  partition  opposite  to  the  boiler. 

The  capillary  tubes  of  the  air  reservoir  were  connected  with 
the  capillary  tubes  of  the  manometers,  by  bringing  these  tubes 
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into  exact  contact  at  their  ends,  and  cementing  over  them  a  brass 
tubuhire,  grooved  to  fit  them  outside.  This  brass  tubuliire  liad  a 
rectanf;iilar  tube  opening  into  it,  into  which  was  cemented  a  capil- 
lary tube,  by  means  of  which  connnunication  was  made  with  an 
air-pump,  so  as  to  dry  the  apparatus  and  introduce  the  gases  to  be 
operated  on. 

The  boiler  contained  oil,  which  was  constantly  agitated  so  as  to 
maintain  an  uniform  temperature  throughout  the  whole  bath. 

The  method  of  operating  is  as  follows  : — 

In  the  first  place,  to  dry  the  apparatus,  a  little  mercury  is  put 
into  the  inner  manometer  tube,  and  the  stop-cock  so  placed  as  to 
cut  off  this  tube  from  communication  with  the  other  and  with 
the  opening.  The  lateral  tube  of  the  tubulure  is  then  put  into 
communication  with  an  air-pump  furnished  with  several  tubes 
filled  with  pumice  soaked  in  concentrated  sulphuric  acid,  which 
are  intended  to  absorb  the  moisture.  A  vacuum  is  made  a  great 
number  of  times,  and  each  time  the  air  is  allowed  to  enter  very 
.slowly.  To  be  sure  that  the  drying  is  complete,  the  globes  are 
heated  to  SO'  or  60°  (122°  to  140°  Fahrenheit).  The  pump  is  then 
removed,  but  the  tubes  are  left  open  in  communication  with  the 
drying  tubes.  Suppose  now  that  it  is  desired  to  compare  the 
movement  of  a  thermometer  containing  air  whose  elastic  force 
at  0°  is  76  mm.,  with  that  of  another  containing  air  of  a  less  elastic 
force. 

The  two  globes  are  surrounded  with  melting  ice,  and  the  stop- 
cock of  the  first  manometer  being  so  placed  as  to  make  a  commu- 
nication between  the  two  manometer  tubes,  mercury  is  poured  in 
so  as  to  raise  its  level  to  a  mark  placed  near  the  top  of  the  inner 
tube  (that  is,  the  one  communicating  with  the  reservoir).  The 
two  mercurial  columns  will  be  necessarily  at  the  same  level, 
because  the  apparatus  communicates  freely  with  the  air  by  the 
tubulure. 

On  the  other  hand,  a  partial  vacuum  is  made  in  the  second  globe, 
and  the  rarefaction  of  the  air  in  it  is  determined  by  the  difference 
of  height  of  its  manometric  columns  ;  when  a  proper  rarefaction 
has  been  attained,  the  apparatus  is  closed  by  hermetically  sealing 
the  lateral  capillary  tube  of  the  tubulure,  and  mercury  is  then 
poured  into  the  manometer  until  its  surface  stands  at  a  mark 
made  near  the  top  of  the  inner  manometer  tube. 

The  elastic  forces  are  measured  by  four  properly-placed  catheto- 
meters,  each  one  being  so  placed  as  to  be  able  to  foUow  the 
meniscus  in  one  of  the  tubes. 

The  necessary  observations  of  the  height  of  the  barometer,  and 
the  position  of  the  meniscus  of  each  of  the  manometer  tubes  being 
made,  the  lateral  tube  of  the  first  reservoir  is  then  hermetically 
closed,  the  ice  removed  and  replaced  by  oil  which  is  heated  by  a 
furnace  ])laced  under  it.  The  oil  bath  is  heated  until  the  tem- 
perature at  which  the  two  instruments  are  to  be  compared  is  at- 
tained, the  air-holes  of  the  furnace  are  then  more  or  less  closed 
and  the  oil  kept  in  constant  agitation  ;  and  the  thermometers  are 
adjusted  for  observation  by  pouring  mercury  into  the  manometer 
tubes,  so  as  to  bring  back  the  level  of  the  columns  in  the  inner 
tubes  to  the  marks  made  upon  them.  The  temperature  then  rising 
only  very  slowly,  the  movements  of  the  four  columns  of  mercury 
are  simultaneously  watched,  and  when  they  are  perfectly  station- 
ary, at  a  signal  given  by  one  of  the  observers  the  barometer  is 
read,  and  the  temperatures  of  the  air  in  the  vicinity  of  the  mano- 
meter tubes,  and  of  the  lateral  tubes  attached  to  the  reservoirs, 
noted. 

As  it  is  essential  in  this  mode  of  experimenting  to  keep  the 
temperatures  stationary  as  long  as  possible,  they  should  be  raised 
very  slowly  when  approaching  the  maximum  at  which  the  observa- 
tions are  to  be  made,  and  by  a  little  practice  a  series  of  observa- 
tions may  be  got  at  temperatures  not  differing  more  than  1° 
from  each  other,  and  the  observer  be  assured  that  one  instrument 
is  not  behind  the  other  in  its  indications.  This  precaution  is 
above  all  indispensable  when  the  air  thermometer  is  compared  with 
the  numerical. 

It  is  not  necessary,  and  would  be  very  difficult,  to  bring  the 
mercury  in  the  manometers  exactly  to  the  marks.  It  is  sufficient 
to  bring  them  nearly  there,  and  as  the  observations  give  exactly 
their  differences  of  level,  the  volumes  can  easily  be  calculated 
when  the  tubes  have  been  gauged  in  the  vicinity  of  the  marks. 
The  experiments  upon  tliermometers  filled  with  different  gases 
are  conducted  exactly  in  the  same  way. 

These  globes  were  too  thin  to  permit  the  experiments  upon 
thermometers  filled  with  air  at  a  much  higher  pressure  than 
76  mm.  to  be  tried  with  them ;  recourse  was  had  to  others  similar, 
but  having  their  walls  3  or  i  mm.  thick.  These  globes  were  of 
rather  less  capacity  than  the  former,  holding  only  about  600  cubic 
ceatimetres. 


A  great  numljer  of  experiments  were  made  by  M.  Regnault 
with  the  apparatus  in  which  air  of  ordinary  density  was  com])ared 
with  that  of  much  less,  and  with  that  of  much  greater  density, 
as  well  as  with  hydrogen  gas,  carbonic  and  sulplmrous  acid,  and  the 
principal  conclusions  which  lie  draws  from  them  are  as  follows ; — 

1.  The  atmospheric  air  follows  the  same  law  of  dilatation  from 
0°  to  350°  (32°  to  662°  Fahrenheit)  of  temperature,  even  when  its 
initial  elastic  force  at  0°  varies  from  O-m*  to  l-n^S,  (1-33  to 
4'25  ft.).  So  that  in  the  construction  of  an  air  thermometer,  no 
attention  need  be  paid  to  the  density  of  the  air  introduced, — the 
instruments  will  be  comparable  whatever  may  be  the  density. 

2.  Atmospheric  air,  hydrogen  gas,  and  carbonic  acid,  follow 
between  0°  and  3.50',  sensibly  the  same  law  of  dilatation,  although 
their  coefficients  of  dilatation  are  sensibly  different.  So  that  the 
thermometers  made  with  these  different  gases  will  accord,  jirovided 
the  temperatures  are  calculated  from  their  proper  coefficients. 
From  this  it  follows  that  the  coefficients  of  dilatation  of  these 
gases  present  sensibly  the  same  ratio  at  every  temperature. 

3.  Sulphurous  acid  gas  departs  notably  from  the  la%v  of  dilata- 
tion which  the  preceding  gases  present.  The  coefficient  of  dilata- 
tion of  sulphurous  acid  diminishes  with  the  temperature  as  marked 
by  an  air  thermometer. 

It  is  important  to  remark  that  in  these  experiments  the  relative 
dilatations  of  the  gases  were  not  measured  directly,  but  were  de- 
duced by  calculation  from  the  observation  of  the  elastic  forces  which 
these  gases  present  at  the  same  temperatures,  their  volume  remain- 
ing constant.  It  appears  very  probable  that  similar  conclusions 
would  be  arrived  at,  by  measuring  directly  the  increase  in  bulk  of 
the  different  gases  for  the  same  temperatures,  their  elastic  force  re- 
maining constant,  by  a  method  analagous  to  that  of  the  fifth  series 
of  experiments  upon  the  dilatation  of  gases;  but  these  experiments 
would  not  be  susceptible  of  equal  precision  in  the  measurements, 
for  reasons  already  given  at  the  commencement  of  this  memoir. 

f  To  be  continued. J 


COPPER  SMELTING  FURNACE. 

A  correspondent  of  the  Mining  Journal  gives  the  following  estimate  for 
the  construction  of  a  reverberatory  furnace  for  smelting  copper  on  the 
Swansea  plan.  The  stack  of  the  furnace  was  single,  40  feet  high,  and  the 
furnaces  13  feet  by  8.  The  following  are  the  details : — 

12,000  common  bricks— at  30s.  per  mille  ..  £13    0    0 

12  barrel!  of  lime— at  4s  ..  ..  2    8    0 

.•JiOOO  NewcasUe  bricks— at  3?.  10s.  per  mille,       ..  17  10    0 

1,300  Dynas  ditto— at  41.  lOs.  per  ditto  ..  5  17     0 

2,000  Stonrbridge  ditto— at  8/.         „  ..  16    0    » 

li  ton  cement  clay— at  1/.  179.  ..  2  15    G 

2  tons  Dyna»  ditto— at  15s.  ..  1  10    0 

12  brown  Flintshire  bearers— at  lOd.  .,  0  10    0 

2  Stourbridge  ditto— at  Is.  Id.  ..  0    2    2 

6  8laba-at7d.  ..  ..  0    3    « 

23  c»st-lron  atuds,  60  cwt.— at  7s.  6d.  .,  18  15    0 

2  wrought-iron  ditto,  2^  sq.,  3  cwt,— at  I63.  2    8    0 

3  sleepers,  cast-iron,  3  sq.,  5  cwt. — at  7s-  6d.  1  17    G 
Hopper  and  frame,  round  iron  for  cramps,  square  5-iron  for 

stack   rocks,   flat  1  X  14   for  stack   cramps,  fire-bars  and 

wedges,  about  I  ton— at  10/.  10s.  ..  10  10    0 

Fore  and  concave  and  skimming  plates  .* 

Contingencies  .*  ..  •• 

Making  a  total  of  107    6    8 

To  this  must  be  added,  about  HI.  for  the  masons'  labour,  and  21.  for  that  of 
the  smiths',  which,  added  to  the  cost  of  the  furnace,  107/.  6s.  8</.,  will  make 
a  total  cost  of  123/.  6s.  Sd.  The  prices  given  are  those  of  the  period  when 
the  furnace  was  constructed ; — of  course,  at  different  times  they  will  vary  con- 
siderably ;  any  one,  however,  will  be  able  from  them  to  calculate  what  the 
present  outlay  would  amount  to.  By  building  two  furnaces,  with  a  double 
stack  to  serve  both,  and  using  clay  in  the  sides,  instead  of  bricks,  a  less 
consumption  of  materials  would  take  place,  which  would  necessarily  be  fol- 
lowed by  a  commensurate  reduction  in  the  expenditure,  thereby  enabling 
the  contractor  to  construct  his  furnaces  on  a  more  economical  principle  than 
above  detailed. 


7    0    0 
2     0    0 
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ATMOSPHERIC  PILE-DRIVING  MACHINE. 
Patented  by  Clarke  and  Varley. 


STide  Elevation  of  a  Single  Machine. 

This  apparatus  has  been  lately  used  for  driving  the  piles  of  the 
coflFerdam  for  Irongate,  St.  Katherine's  Docks.  The  inventors 
state  that  by  this  machine,  piles  may  be  driven  at  half  the  expense 
of  driving  tJiem  by  the  ordinary  machine  worked  by  hand,  and  in 
about  one-sixth  of  the  time.  Mr.  Crate,  the  clerk  of  the  works 
at  the  above  docks,  states  that  he  drove  forty-two  piles,  18  feet 
deep,  into  a  bed  of  very  hard  compact  gravel,  at  the  rate  of  three 
piles  each  tide  of  about  3k  hours ;  and  to  drive  one  pile  only,  by 
the  ordinary  hand-engine,  occupied  five  tides  before  it  could  be 
finished,  and  even  then  was  left  2  feet  above  the  height  required 
to  be  driven.  Mr.  Harrison,  the  engineer,  also  certifies  that  the 
Atmospheric  Pile-Driver  gave  him  entire  satisfaction. 

This  machine  consists  of  a  vacuum  cylinder  of  wrought-iron 
(A),  closed  at  the  bottom  and  open  at  the  top,  having  an  air-tight 
piston,  and  self-acting  slide-gear,  fixed  to  any  convenient  part  of 
the  frame  of  a  common  pile-engine.  The  piston-rod  is  connected 
to  a  chain  which  passes  over  a  fixed  pulley  (B)  on  the  top  of  the 
engine ;  to  the  end  of  this  chain  is  suspended  a  pulley  (C)  ;  over 
this  passes  a  second  chain,  one  end  of  which  is  attached  to  the 
ram,  and  the  other,  passing  down  under  the  bottom  of  the  frame, 
is  brought  up  and  affixed  to  the  head  of  the  pile.  The  power  is 
derived  from  a  small  steam-engine,  fixed  at  any  convenient  spot, 
which  works  an  air-pump  for  producing  the  exhaustion.  Com- 
munication is  made  between  the  air-pump  and  the  Pile-driving 
Machine  by  small  wrought-iron  tubes,  connected  together  by  flexi- 
ble joints  of  vulcanised  india-rubbw.     Thus  the  machine  possesses 


Front  Elevation  of  a  Double  Machine. 

the  inciilculable  advantage  of  being  worhed  at  any  required  distance 
from  the  steam-engine,  and  moved  about  with  as  much  facility  as  a 
common  crab-engine.  The  mode  of  action  is  as  follows  :  the  ram 
being  supposed  down  on  the  pile-head,  and  the  piston  consequently 
at  the  top  of  the  vacuum  cylinder,  communication  is  opened  by 
the  valve  gear  with  the  air-pump,  exhaustion  then  takes  place  in 
the  cylinder,  the  piston  descends  by  the  external  pressure  of  the 
atmosphere,  and  raises  the  ram ;  when  the  piston  arrives  at  the 
bottom  of  the  cylinder,  the  valves  reverse  themselves,  communica- 
tion with  the  air-pump  is  then  shut  off,  and  the  external  air  ad- 
mitted under  the  piston  ;  equilibrium  being  now  restored,  the  ram 
falls  with  the  full  effect  of  gravity  on  the  pile ;  the  valves  are 
again  reversed,  and  the  same  operation  is  repeated.  Thus  a  suc- 
cession of  short  heavy  blows  is  given,  rapid  of^ course  in  proportion 
to  the  power  of  the  steam-engine ;  and,  as  by  the  arrangement  of 
the  puHeys,  the  distance  between  the  pile-head  and  the  face  of  the 
ram  is  always  the  same,  a  regularity  of  action  is  obtained,  quite 
unknown  to  the  old  pile-driver,  the  injurious  effect  on  the  head  of 
the  pile,  and  rebound  of  the  ram,  consequent  upon  great  height  of 
fall,  avoided ;  and  the  ram  being  permanently  fastened  to  the 
chain,  the  whole  time  lost  by  the  re-attachment  after  every  blow  is 
saved.  The  machine  is  so  constructed,  that  it  may  be  fixed  in  a  few 
hours  to  the  frame  of  a  common  pile-engine.  \ . 

Fig.  2  shows  an  arrangement  by  which  one  vacuum  cylinder  can 
be  made  to  work  two  rams,  and,  consequently,  drive  two  piles  at  the 
same  time.    A  pulley  (A>)  is  attached  to  the  piston-rod  of  the 
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vacuum  cylinder ;  round  this  passes  a  chain  which  goes  over  the 
two  pulleys  (H'  B')i  having  the  ends  fastened  to  the  two  sus- 
pended j)ulleys  (C  C').  The  arrangement  of  the  second  chain  is 
similar  to  tliat  of  the  single  machine.  Tlie  two  rams,  being  ex- 
actly tlie  same  weight,  will,  of  course,  rise  and  fall  at  the  same 
time  with  each  stroke  of  tlie  piston.  If  it  should  be  found  that 
one  pile  is  driving  faster  than  the  other,  and  for  this  or  any  other 
reason  it  should  be  desirable  to  give  a  shorter  blow  to  one  pile 
tlian  to  the  other,  it  can  be  done  in  the  following  simple  manner  : 
»  small  chain  or  rope  is  attached  to  each  ram,  hanging  freely  ;  the 
ma7i  in  attendance  can  at  any  time,  without  stopping  the  machine, 
fasten  the  end  of  this  chain  or  rope  so  as  to  check  the  rise  of  one 
ram  to  any  extent — a  very  small  force  will  do  this,  as  the  two  rams 
exactly  counterbalance  one  another ;  tlie  other  ram  will,  of  course, 
then  make  a  stroke  longer  in  proportion  to  the  shortening  of  this 
one.  Or  the  working  of  one  ram  may,  by  tlie  s.ame  means,  be  en- 
tirely stopped,  the  other  then  making  a  blow  twice  the  length  that 
it  did  when  both  were  working  equally. 

A  working  model  of  the  machine  may  be  seen  at  31,  Parliament- 
street,  Westminster. 


BEGISTSR    OP    NETV    PATENTS. 

SELF-ACTING  GAS  APPARATUS. 

John  Watson,  merchant,  and  Edward  Cart,  gentleman,  both 
of  Hull,  for  '■^improvements  in  the  manufacture  of  gas." — Granted 
February  !)■;  Enrolled  August  14,  18 18. 

The  patentees  describe  the  object  of  this  invention  to  be  the 
combination  of  apparatus  with  an  ordinary  hot-air  stove  for 
generating  gas  in  proportion  to  the  supply  required,  and  so  to 
arrange  the  parts  that  the  supply  of  material  to  the  retort  will  be 
cut  oif  by  the  filling  of  the  gas-holder,  so  that  if  the  supply  of 
gas  from  the  retort  he  not  consumed,  the  further  feed  to  the  retort 
will  be  cut  off.     The  figure  represents  a  section  of  the  apparatus. 


n,  is  an  ordinary  hot-air  stove,  with  the  retort  set  therein,  or 
the  retort  may  be  set  in  brick-work  or  masonry,  in  lieu  of  the  iron 
stove ;  F,  feed-pipe,  to  conduct  the  li(juid  for  gas  manufacture 
from  the  holder  j,  to  the  retort  i ;  k,  tap  opened  and  shut  at  the 
commencement  and  conclusion  of  the  process ;  /,  self-acting  tap 
connected  with  the  gas-holder  by  means  of  the  two  rods,  m  and 
n,  and  which  are  moved  together  at  the  joint  o.  The  volume  of 
gas  required  for  combustion  being  supported  by  a  quantity  of  the 
liquid  flowing  into  the  retort,  the  proportion  is  regulated  by  the 
tap  /,  in  e.xact  ratio  with  the  current  consumption,  and  whatever 
decrease  or  increase  is  made  in  the  number  of  lights  during  tlie 
apparatus  being  in  operation,  causes  the  gas-holder  to  ascend  or 
descend,  until  the  self-acting  tap  /,  admits  only  the  quantity  of 
liquid  to  the  retort  commensurate  with  the  flames  burning ;  p, 
washer  or  purifier  ;  7,  worm-pipe  fixed  in  a  cylindrical  vessel  con- 
taining cold  water  for  condensation.  The  worm-pipe  conveys  the 
gas  from  the  washer  or  purifier,  and  terminates  with  a  bend  which 


dips  into  the  water  contained  in  the  cylindrical  vessel ;  the  gas 
having  forced  itself  through  the  surface  of  this  water,  rises  into 
the  gas-holder,  whose  sides  dip  into  water  contained  in  the  tank 
surrounding  the  cylindrii-al  vessel  wlierein  the  worm-pipe  is  fixed ; 
thus  it  will  be  perceived  tliere  are  two  cylindrical  vessels,  one  the 
longer  as  a  tank  for  the  gas-holder,  and  another  the  smallest  to 
contain  water  for  condensation  only. 

The  heat  used  in  generating  gas  may  he  employed  to  the  ordi- 
nary purpose  of  heating  air,  in  addition  to  generating  gas,  or  it  may 
be  applied  to  other  uses. 


STEAM-BOILERS  AND  ENGINES. 

William  Exall,  of  Reading,  engineer,  for  '■'■certain  improve- 
ments in  thrashing  machines,  and  in  steam-boilers,  engines,  and  other 
apparatus  for  driving  the  same,  which  apparatus  is  applicable  to 
driving  other  machinery." — Granted  March  8;  Enrolled  September 

8,  184.8. 

This  is  a  very  comprehensive  specification,  and  includes  nine 
claims,  the  enumeration  of  which  will  sufficiently  explain  the 
nature  of  the  improvements  patented. — The  first  and  second  claims 
refer  to  thrashing  machines,  and  to  a  mode  of  regulating  the 
distance  of  the  concave  from  the  drum  that  carries  the  thrashers. 
In  the  third,  the  patentee  claims  the  employment  of  two  piston- 
rods  to  each  piston  in  what  are  known  as  the  Brunell  engine,  with 
a  cranked  cross-head,  and  the  forming  a  recess  in  the  top  of  the 
cylinders  and  pistons,  thereby  obtaining  a  greater  descent  of  the 
cross-heads  and  their  connecting-rods.  Fourthly,  the  mode  of 
adjusting  the  eccentrics  which  work  the  valves  or  slides  (without 
stopping  the  engines)  by  means  of  a  rack,  acted  upon  by  a  pinion 
contained  within  the  shaft,  this  giving  motion  to  another  pinion 
that  gears  into  the  toothed  ring  or  arc  on  the  side  of  the'eccentric. 
Fifthly,  in  respect  to  "  Hero's  engine,"  he  claims  the  introduction 
of  the  steam  into  the  arms  through  a  hollow  neck  of  prepared 
india-rubber,  with  metal  wasliers,  employed  to  make  the  revolving 
joint  steam-tight,  together  with  tlie  partial  or  total  clo.;iug  of  tlie 
emission  apertures,  and  the  reversal  of  the  motion  of  tlie  engine, 
by  means  of  valves  or  slides  receiving  motion  through  tlie  hollow 
axle  of  the  engine.  Si.xthly,  the  combining  of  a  vertical  cylindri- 
cal boiler  and  fire-box,  having  radiated  horizontal  flues,  with  a  flue 
surrounding  the  boiler,  which  is  bounded  by  the  external  casing  of 
the  boiler,  and  also  the  placing  the  surface  of  tlie  fire-bars  some- 
what below  the  bottom  of  the  boiler,  for  the  admission  of  air  on 
all  sides  of  the  fire.  The  seventh  claim  refers  to  an  improved 
horse-gearing  for  driving  machinery.  Eighth,  the  application  of 
compressed  wood  to  the  manufacture  of  the  teeth  of  wlieels,  so 
that  when  the  teeth  ai-e  driven  into  the  recesses  or  cavities  of  the 
periphery  of  the  wheel,  the  subsequent  expansion  will  retain  them 
securely  therein.  Ninth,  the  forming  of  dove-tailed  or  other 
suitable  shaped  grooves  extending  across  the  face  to  receive  teeth 
of  a  suitable  shape  formed  of  wood  which  has  been  previously 
compressed. 


HIGH-PRESSURE    AND    EXPANSIVE     STEAM-ENGINES. 

John  Lawes  Cole,  of  Lucas-street,  Middlesex,  engineer,  for 
"  certain  improvements  in  steam-engines." — Granted  March  22  ;  En- 
rolled September  22,  1848. 

This  invention  has  for  its  object  a  better  arrangement  of  parts 
in  the  combination  of  high-pressure  and  expansive  steam-engines, 
wherein  two  cylinders  are  used.  In  the  first  proposed  arrange- 
ment, the  two  cylinders  are  placed  above  one  anotlier,  and  tlie  two 
pistons  are  fi.xed  to  the  same  piston-rod,  the  high-])ressure  cylinder 
being  above,  and  the  larger  cylinder  for  the  expanded  steam  being 
below.  Tlie  piston-rod  passes  through  a  stufliug-box  lietween  the 
two  cylinders  which  separates  them  from  each  other.  This  stuffing- 
box  is  packed  by  means  of  two  horizontal  openings  in  the  plate 
forming  the  stufling-box,  opposite  to  each  other,  by  which  packing 
is  introduced,  the  packing  being  forced  into  contact  with  the  rod 
by  blocks  pressing  behind  by  means  of  screws.  In  another 
arrangement,  two  piston-rods  are  employed  to  the  piston  in 
the  expansive  cylinder,  unconnected  with  the  piston-rod  of 
the  high-pressure  cylinder.  These  two  piston-rods  pass  up 
through  the  coyer  of  tlie  expansion-cylinder  and  on  each  side 
of  the  high-pressure  cylinder  to  the  cross-head  or  beam  above, 
to  which  they  as  well  as  the  piston-rod  of  the  higli-pressure 
cylinder  are  secured.  The  other  parts  of  the  engine  are  con- 
structed in  the  usual  manner,  or  so  modified  as  to  be  suitable  to 
the  present  arrangement  of  the  cylinders.     Another  improvement 
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is  the  adaptation  to  direct-acting  steam-engines  of  high-pressure 
and  expansion  cylinders,  which  are  placed  side  hy  side  upon  the 
sole  plate,  the  two  piston-rods  of  these  being  attached  above  to  a 
cross-head,  common  to  both  ;  from  the  centre  of  the  cross-head 
a  connecting-rod  passes  down  between  the  two  cylinders  to  a 
crank  placed  upon  the  shaft  below.  To  preserve  the  parallelism 
of  the  piston-rods,  a  system  of  levers  is  placed  above,  in  connec- 
tion witli  the  cross-head.  These  levers  and  rods  liave  also  the 
effect  of  equalising  the  strain  of  the  tvf  o  pistons.  Another  part 
of  tlie  invention  consists  in  the  adaptation  to  double-acting  air- 
pumps  of  slide-valves  instead  of  the  clack-valves,  the  slide-valves 
being  worked  by  an  eccentric  or  crank  in  the  manner  of  the 
usual  slide-valve  of  steam-cylinders.  Expansive  slide-valves  are 
formed  by  placing  on  the  cylinder-face  loose  blocks,  which  are 
connected  to  the  valve  itself  by  means  of  two  rods,  one  on  each 
side,  upon  which  are  placed  nuts  for  the  purpose  of  adjusting  the 
distance  of  the  blocks  from  the  valve  ;  and  thus,  by  increasing  or 
diminishing  that  distance,  to  vary  the  expansion  of  the  steam  in 
the  cylinder.  A  further  improvement  consists  in  the  construction 
of  safety-valves  for  steam-boilers,  by  combining  with  the  ordinary 
conical  safety-valve,  a  piston  within  a  cylinder  so  arranged  that 
whenever,  from  its  ceasing  to  act,  the  pressure  of  steam  in  the 
boiler  increases  beyond  the  required  amount,  the  rise  of  the  piston 
will  open  the  valve  and  thus  relieve  the  pressure. 


FURNACES  AND  BLOWING  MACHINES. 

George  Lloyd,  of  Stepney,  Middlesex,  ii-on-founder,  for  "  cer- 
tain improvements  in  furnaces  and  bloicing  machines,  and  in  engines 
and  machinery  far  driving  the  same  ;  which  improvements  are  also 
applicable  to  other  purposes  where  motive  power  is  required." — 
Granted  March  8;  Enrolled  September  8,  1848. 

This  is  a  multifarious  specification,  comprising  so  many  separate 
"  improvements,"  that  it  is  difficult,  without  occupying  more  space 
than  we  are  willing  to  bestow,  to  give  any  description  of  the  whole; 
we  must  therefore  confine  our  notice  to  a  few  of  the  leading 
points.  The  principal  part  of  the  invention  relates  to  furnaces 
for  heating  steam-boilers.  The  furnace  cliamher  does  not  pass 
under  the  boiler,  but  is  at  the  extreme  end.  The  fire-bars  are 
placed  in  a  vertical  position,  about  the  same  situation  as  usually 
occupied  by  the  fire-doors  ;  while  the  fuel  is  inserted  at  a  hopper- 
mouth  at  the  end  of  the  boiler,  which,  in  this  case,  is  represented 
as  being  flat,  with  the  fuel  chamber  extending  partly  up  the  end. 
This  chamber  is  about  the  usual  width  of  furnaces ;  but  in  its 
length,  it  is  confined  to  about  the  usual  depth  of  fuel  by  means  of  a 
number  of  fire-brick  lumps,  extending  from  the  hearth  to  the 
bottom  of  the  boiler,  and  placed  so  as  to  present  their  edges  to  the 
fuel  in  the  manner  of  bars.  The  fuel  being  ignited,  is  piled  within 
the  chamber  till  quite  full,  the  only  covering  being  the  uncon- 
sumed  fuel  which  extends  in  the  hopper-mouth  above  the  bars. 
The  products  of  combustion  pass  between  the  fire-lumps,  in  con- 
tact with  the  bottom  of  the  boiler,  and  break  into  a  chamber  im- 
mediately in  front  of  the  bridge,  where  a  series  of  pipes  are  placed 
for  the  admission  of  air.  The  great  heat  attained  by  the  fire- 
lumps,  imparts  a  sufficient  degree  of  heat  to  the  gaseous  products 
to  cause  them  to  flash  into  flame  on  being  mixed  with  a  due  pro- 
portion of  atmospheric  air.  This  flame  is  conducted  over  the 
bridge  and  through  the  flues  in  the  ordinary  manner.  In  the 
construction  of  the  blowing  machines,  the  blades  are  tapered 
towards  the  points,  and  are  placed  at  angles  of  60  degrees  back- 
wards, by  which  means  the  inventor  proposes  to  overcome  the  dis- 
advantage which  blowing  machines  usually  possess  of  waste  of 
power,  by  the  fans  striking  the  air  within  the  case  that  is  not  ex- 
pelled. The  blades  are  confined  at  the  sides  by  discs  of  metal  ex- 
tending to  the  point  of  the  blade,  and  having  an  opening  in  the 
centre,  of  the  same  area  as  the  openings  in  tlie  sides  of  the  case. 
The  air  driven  off  at  the  periphery  is  limited  by  the  entire  area 
between  tlie  blades  being  equal  to  the  area  of  the  side  inletsj  and 
at  the  same  time  attains  a  superior  blast  withless  power,without  that 
disagreeable  beating  noise,  consequent  on  a  rapid  motion  being 
given  to  the  ordinary  fanner.  Another  blowing  machine,  de- 
scribed in  the  specification,  consists  of  a  series  of  bellows  placed 
within  an  octagonal  case,  each  of  the  eight  sides  forming  a  base  for 
one  bellows.  The  other  boards  of  the  bellows  are  placed  in  a 
radial  line,  each  of  the  upper  or  moving  boards  being  attached  to 
a  crank  in  the  centre  of  the  case  by  a  suitable  connecting-rod  ; 
this  crank  being  actuated  by  a  shaft  passing  out  at  the  sides  of 
the  case,  which  is  closed  quite  air-tight.  On  motion  being  given 
to  the  shaft,  the  bellows  wiU  be  successively  acted  upon,  as  the 
crank  performs  its  revolution.    The  air  entering  from  the  outside 


by  inlet  valves,  when  the  bellows  are  expanded  and  discharged 
inside  the  case,  when  collapsed  by  the  motion  of  the  crank,  a 
uniform  pressure  of  air  is  thus  kept  up,  which  may  be  conducted 
by  suitable  pipes  or  channels  from  the  casing  to  the  point  required. 
The  following  claims  of  the  patentee  set  forth  the  various  inven- 
tions included  in  this  specification  : — First,  the  construction  of  a 
steam-boiler  furnace,  in  so  far  as  regards  the  combination  of  ver- 
tical fire-bars  made  in  two  pieces,  together  with  vertical  fire-clay 
lumps  behind  the  fuel-chamber,  and  vertical  air-tubes  behind  the 
fire-lumps.  Secondly,  the  employment  in  furnaces  of  every  de- 
scription of  fire-bars  made  in  two  pieces.  Thirdly,  the  mode  of 
applying  the  vajiours  arising  from  the  chimneys  of  cupolas  for  the 
heating  of  boilers.  Fourthly,  the  construction  and  arrangement 
of  tlie  fan  blowing-machine,  in  so  far  as  regards  the  employment 
of  an  inner  casing  with  openings  of  small  area  in  its  periphery. 
Fifthly,  the  general  arrangement  and  combination  of  parts  con- 
stituting the  bellows  blowing-machine.  Sixthly,  improvements  in 
rotary  steam-engines,  in  so  far  as  regards  the  employment  of  two 
or  more  chambers,  and  two  or  more  sets  of  arms  and  steam-jets  or 
apertures  in  such  arms  of  successively  increasing  area.  Seventhly, 
an  improved  spindle  or  shaft-bearing  in  which  the  end  or  journal 
of  the  shaft  works  in  a  collar  or  socket  of  plumbago.  Lastly, 
the  construction  of  strap-riggers  of  a  combination  of  iron  and 
gutta  percha. 


ZINC  ORES. 

Charles  Andre  Felix  Rochaz,  of  Paris,  France,  merchant, 
for  '■^certain  improvements  in  treating  zinc  ores,  and  in  manufac- 
turing oxide  of  zinc." — Granted  December  22,  1847;  Enrolled  June 
22,  1848.     [Reported  in  Newton's  London  Journal.^ 

This  invention  consists,  firstly,  in  improvements  in  the  treat- 
ment of  zinc  ores;  and,  secondly,  in  improvements  in  manufac- 
turing oxide  of  zinc. 

First,  as  regards  the  treatment  of  the  ores  of  zinc : — This  pro- 
cess has  usually  been  effected  by  first  converting  them  into  the 
state  of  oxide,  by  roasting  or  calcination,  and  afterwards  reducin;,- 
and  distilling  the  oxides,  by  mixing  them  with  coal,  and  submitting 
them  to  great  heat,  in  close  vessels  or  retorts.  This  mode  of  ope- 
ration is  attended  with  great  disadvantages,  for,  besides  occasion- 
ing great  consumption  of  fuel,  and  rapid  destruction  of  the  re- 
torts, the  product  obtained  is  by  no  means  proportionate  to  the 
richness  of  the  ore. 

By  this  improved  process  the  employment  of  retorts  is  entirely 
dispensed  with,  and  the  fuel  and  labour  are  greatly  economised ; 
the  operation  is  also  completely  independent  of  the  skill  of  the 
workman  or  attendant ;  and,  lastly,  the  loss  of  metal  incidental 
to  the  ordinary  method  is  prevented.  Besides  these  advantages, 
the  patentee  observes,  that  ores  of  lead  and  zinc  may  both  be  ope- 
rated upon  at  once  by  his  improved  method. 


inrj!? 


Fig.  I. 


The  principal  feature  of  the  invention  consists  in  the  reduction 
of  roasted  blend-ore  (native  sulphuret  of  zinc),  and  of  the  car- 
bonates, oxides,  or  silicates  of  zinc,  and  also  of  the  sulphurets  and 
oxides  of  lead,  by  the  action  of  the  reducing  gases  of  a  blast  fur- 
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nace  •  bv  wliicli  the  scoria  or  slag  is  fused,  the  reduced  zinc  vola- 
tilised, iind  the  vapours  condensed,  and  conducted  into  a  receiver 
of  a  ])ceuliar  form,  situated  over  the  mouth  of  the  furnace,  and 
heated  by  tlie  gases  therefrom. 

Fig.  I  represents  a  vertical  section  of  the  furnace,  taken  in  a 
line  "ith  tlie  tuyere  holes  ;  fig.  2  is  an  elevation  of  the  same,  on 
that  side  where  the  aperture  for  charging  is  situated,  the  con- 
densers being  shown  in  section  ;  and  fig.  3  is  an  elevation  of  the 
furnace,  on  the  side  where  the  tuyere  pipes  are  situated,  a,  is  the 
aperture  or  channel  for  charging;  a*,  is  a  sliding  partition  ;  b,  the 
outer  door  or  cover  for  closing  the  charging  channel ;  c,  o,  c,  are 
apertures,  through  which  the  scoria  runs;  rf,  is  an  opening  between 
the  liody  of  the  furnace  and  the  receiver  e,  the  lower  part  of  which 
is  formed  by  the  cover  or  partition/,  at  the  top  of  the  furnace; 
and  the  upper  part  by  another  cover/',  larger  than  the  lower  one, 
forming  a  kind  of  channel,  in  which  the  zinc  is  condensed,  g,  g, 
(fig.  2)  are  openings  for  the  escape  of  the  gases  ;  It,  is  an  hydraulic 
main  ;  B,  is  the  tuyere  or  blast-pipe ;  and  /c,  k,  <ire  openings  for 
extracting  the  zinc  and  any  extraneous  matters ;  these  openings 
are  luted  every  time  the  metal,  &c.,  is  run  off. 


Fig.  2. 


Fig.  3. 


The  mode  of  operation  is  as  follows  :— The  furnace  having  been 
heated  to  the  required  temperature  by  the  combustion  of  fuel 
alone,  a  charge  of  zinc  ore,  either  in  the  state  of  oxide,  carbonate, 
or  silicate,  mixed  with  any  suitable  flux,  according  to  the  nature 
of  the  ore,  is  introduced  into  the  charging  aperture  a,  between 
the  sliding-plate  a*,  and  the  door  b ;  so  that  by  drawing  out  the 
slide  «*,  the  charge  will  descend  by  its  own  gravity  into  the  body 
of  the  furnace,  without  allowing  the  gases  to  escape  through  the 
charging  aperture  b.  The  charge  thus  falls  upon  a  layer  of  incan- 
descent fue  ,  rising  to  a  certain  height  above  the  tuyere  B.  A 
layer  of  fuel  is  then  poured  upon  the  ore,  then  another  charge  of 
ore,  and  so  on  alternately  until  the  furnace  is  full ;  and  it  is  to  be 

Fig.  4. 


Fig.  6. 


Fig.  6. 


The  zinc  is  volatilised  by  the  heat,  and  the  scoria  falls  into  the 
lower  part  of  the  furnace,  and  is  run  out  at  tlie  ai)ertures  c,  c,  c. 
The  volatilised  zinc  is  carried  nff  with  tlie  gases  arising  from  com- 
bustion, and  passes  through  the  opening  d,  into  the  receiver  e, 
above.  The  gases  from  the  fire-place  escape  through  the  openings 
g  ;  and  as  these  latter  might  carry  off  particles  of  zinc  with  them, 
they  are  passed  through  an  hydraulic  main  A,  before  being  allowed 
to  escape  into  the  atmosphere,  By  this  means  all  solid  matters 
are  retained,  and  the  zinc,  together  with  any  dust  or  extraneous 
particles,  is  extracted  through  the  openings  h:  When  the  ore  to 
be  operated  upon  is  in  a  comminuted  state,  it  is  advisable  to  make 
it  up  into  a  paste,  together  with  the  flux,  by  the  addition  of  water, 
so  tliat  it  may  be  charged  in  pieces  of  such  size  as  not  to  pass 
through  the  fuel.  Zinc  ore  is  often  mixed  with  sulphuret  of  lead, 
and  by  this  mode  of  operation  the  zinc  is  obtained  by  volatilization, 
and  the  lead  by  fusion  (this  latter  running  to  the  bottom  of  the 
furnace  below  the  scoria),  if,  by  pre\ious  roasting,  a  portion  of 
the  sulphur  has  been  driven  off  from  the  ore. 

The  second  part  of  the  invention  consists  in  a  novel  construc- 
tion of  apparatus  for  the  manufacture  of  oxide  of  zinc.  Fig.  i 
is  a  vertical  section  of  the  furnace,  and  of  the  chamber  for  the 
reception  of  the  oxide  of  zinc ;  fig.  5  is  a  horizontal  section  of 
the  furnace,  taken  in  the  line  c,  d,  of  fig.  t ;  and  fig.  6  is  a  vertical 
section,  taken  in  the  line  a,  6,  of  fig.  4.  a,  a,  are  the  retorts  or 
subliming-pots  (of  which  there  may  be  any  convenient  number), 
placed  in  the  sole  of  the  furnace ;  B,  b,  are  the  covers  of  the  re- 
torts, which  are  perforated;  c,  is  the  door  of  the  oxidising- 
chamber ;  f,  upper  flue,  through  which  the  gases  and  other  pro- 
ducts of  combustion  pass  from  the  fire-place  to  the  chimney;  k,  k, 
are  vessels  for  receiving  the  zinc,  in  case  of  rupture  of  the  retorts 
or  pots,  in  which  case  the  liquid  metal  would  run  down  on  the  floor 
Q,  a,  and  from  thence  into  these  vessels ;  L,  is  the  flue  or  chimney 
of  the  furnace  ;  m,m,  fig.  6,  are  vertical  flues  in  the  wall,  for  the 
passage  of  the  waste  gases  of  combustion ;  n,  is  a  top  partition, 
dividing  the  oxidising-chamber  e,  from  the  horizontal  flue  p ; — 
M,  M,  is  a  chamber  for  receiving  the  oxide  of  zinc ;  o,  a  chimney 
for  creating  a  draught,  and  thus  drawing  the  oxide  of  zinc,  toge- 
ther with  air  and  gases,  through  the  chamber  M,  and  alternately 
over  and  under  the  upper  and  lower  partitions  p,  and  Q.  There 
may  be  any  number  of  these  partitions,  according  to  the  size  of 
the  apparatus,  and  the  quantitv  of  oxide  to  be  manufactured,  g", 
is  a  wire-cloth,  or  other  suitable  sifting  partition,  at  the  end  of  the 
chamber  m,  for  retaining  the  oxide  of  zinc,  and,  at  the  same  time, 
allowing  the  air  and  gases  to  pass  through  to  the  chimney  o.  It 
will  be  seen  that  the  furnace  is  divided  into  three  separate  cham- 
bers or  compartments;  the  lower  one,  which  may  properly  be 
called  the  furnace  or  lieating-flue,  contains  the  retorts  a,  which  are 
charged  with  the  zinc  to  be  operated  upon.  The  volatilised  zinc 
escapes  through  the  orifices  in  the  covers  b,  of  the  retorts,  and 
enters  the  middle  or  oxidising-chamber  e.  The  zinc  vapour  is 
oxidised  and  forced  through  the  chamber  ji,  either  by  means  of  a 
blower  or  by  the  draught  created  by  the  chimney  o,  at  the  end  of 
the  chamber  m.  Tlie  upper  compartment  F,  is  nothing  more  than 
a  narrow  channel  or  flue,  for  the  passage  of  the  smoke  and  gases 
from  the  fire-place  to  the  chimney  l.  These  gases  heat  the  dome 
N,  and  thus  keep  the  oxidising-chamber  at  a  sufficiently  high  tem- 
perature to  burn  the  zinc  vapours  with  facility  and  rapidity.  The 
partitions  p,  and  q,  in  tlie  chamber  si,  are  for  the  purpose  of  check- 
ing the  power  of  the  current  and  facilitating  the  deposit  of  the 
oxide  in  the  chamber  m,  from  whence  it  is  withdrawn  by  means  of 
openings  at  the  sides. 

The  patentee,  in  conclusion,  states  that  he  is  aware  of  oxide  of 
zinc  having  been  heretofore  obtained  by  distillation,  and  bringing 
the  volatilised  metal  into  contact  with  atmospheric  oxygen  in  an 
oxidising-chamber ;  he  does  not,  therefore,  intend  to  claim,  gene- 
rally, producing  oxide  of  zinc  in  this  manner ;  but  he  claims, 
firstly — obtaining  metallic  zinc  in  the  manner  and  by  means  of  the 
app.iratus  above  set  forth  and  described,  or  any  mere  modification 
thereof.  And,  secondly — producing  oxide  of  zinc  by  distilling  the 
metal,  or  matters  containing  metal,  in  subliming-pots  or  vessels, 
furnished  with  perforated  covers,  through  which  the  volatilised 
metal  may  issue  into  an  oxidising-chamber,  where  it  is  met  or 
brought  into  contact  with  tlie  oxygen  of  the  atmosphere,  and 
becomes  converted  into  oxide  of  zinc. 


replenished  in  the  same  manner,  when  the  charge  sinks  below  a 
certain  depth,  which  can  be  easily  ascertained  by  experience. 
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COUNCIL  OF  HEALTH  OF  PARIS. 

The  most  perfectly  organised  Municipal  Board  of  Health 
hitherto  established  is  that  of  the  city  of  Paris.  The  compre- 
hensive system  of  the  Conseil  de  Salubrite  of  Paris,  the  scientific 
ability  and  energy  of  its  members,  and  their  fearlessness  and  devo- 
tion in  invading-  the  most  dangerous  and  offensive  hiding-places  of 
disease,  render  invaluable  the  copious  stores  of  sanitary  knowledge 
contained  in  the  long  series  of  Reports  of  their  researclies. 

Before  the  revolution,  the  administrative  and  judicial  police  of 
French  towns  was  under  the  control  of  several  authorities,  and  had 
not  that  unity  of  action  so  necessary  in  large  cities.  The  Minister  of 
the  Interior,  the  Prefet  of  Police,  and  the  Pre'vot  des  Marchands 
had,  each  according  to  his  jurisdiction,  part  of  the  surveillance  re- 
quired for  the  public  health  of  the  metropolis.  Hence,  tlie  impos- 
sibility of  instituting  a  complete  system  of  regular  jurisprudence, 
such  as  that  which  the  Conseil  de  Salubrite  established  some  years 
later.  AVith  the  growth  of  the  population,  the  multiplication  of 
manufactures,  and  the  general  increase  of  commerce,  the  duties  of 
sanitary  surveillance  became  more  and  more  important,  at  the 
same  time  that  they  became  more  and  more  difficult. 

At  the  close  of  tlie  last  century,  tliese  duties  were  delegated  by 
the  Lieutenant  of  Police  to  two  able  physicians,  M.  Pia  and  M. 
Cadet  a  Vaiix,  to  tlie  latter  of  wliom  is  due  the  merit  of  suppress- 
ing the  Petit  Chatelet,  the  amelioration  of  prison  discipline,  tlie 
suppression  of  cemeteries  in  the  interior  of  Paris,  and  of  sepul- 
ture in  churches,  in  addition  to  many  otlier  salutary  reforms. 

The  year  1802  was  the  epoch  of  the  creation  of  the  t'onseil  de 
Salubrite.  Before  that  time,  the  Prefect,  whenever  he  had  to  give 
a  decision  on  a  subject  connected  with  the  public  health,  took  the 
advice  of  a  physician,  surgeon,  agriculturist,  chemist,  or  veterinary 
surgeon,  according  to  the  nature  of  the  object  which  engaged  his 
attention.  The  inconveniences  of  this  method  were  such,  that  in 
-July  of  the  year  above-mentioned,  the  Prefect  Duboix  instituted 
the  Conseil,  which  he  composed  of  four  members,  who  were  to 
examine  the  adulteration  of  liquids,  diseases  of  animals,  and 
noxious  manufactures.  In  1807,  the  powers  of  the  Conseil  were 
extended,  and  the  number  of  members  was  increased  to  seven, 
■who  were  required  to  meet  regularly  twice  a  month.  To  them 
was  assigned  the  investigations  respecting  epidemics,  the  regulation 
of  markets,  rivers,  cemeteries,  slaughter-houses,  sewerage,  public 
baths,  &c.,  medical  statistics,  and  the  tables  of  moi'tality,  the  cleans- 
ing of  public  places,  the  prevention  and  reparation  of  tlie  effects  of 
inundations,therepressionof  charlatanism,  and  thelightingof  streets. 
The  necessity  of  particlar  attention  to  epidemics,  induced  the  Pre- 
fect to  add  two  physicians  to  the  number  of  the  members  of  the 
Council;  other  additions  have  been  made  from  time  to  time.  In 
order  to  add  to  the  authority  and  importance  of  this  body,  it  has  from 
its  origin  had  the  nomination  of  its  own  president  and  secretary, 
and  the  privilege  of  recommending  to  tlie  Prefect  persons  qualified 
to  supply  any  vacancies  which  may  occur  in  the  Council. 

Some  idea  of  the  importance  and  number  of  the  investigations 
undertaken  by  the  Conseil  de  Salubrite  during  the  first  quarter  of 
a  century  after  its  establishment,  may  be  obtained  from  the  fact 
that  the  number  of  reports  made  from  1815  to  1829,  was  upwards 
oi  four  thousand  three  hundred  and  thirty.  The  number  of  these 
reports  averaged,  annually,  two  hundred  and  twenty-five ;  and  in 
the  years  1818,  1819,  and  1829,  respectively,  exceeded  340,  350, 
and  420.  The  beneficial  effects  which  have  resulted  from  the  es- 
tablishment of  this  institution,  have  led  to  the  establishment  of 
similar  boards,  under  different  names,  in  foreign  countries ;  and  in 
France,  the  Prefects  of  several  departments  have  created  provin- 
cial Councils  of  Health,  which,  but  for  the  distraction  of  political 
events,  would  now  probably  exist  in  every  important  town  in  that 
countiy. 

The  functions  of  the  Council  are  consultative,  not  administra- 
tive ;  but  it  assumes  the  responsibility  of  measures  of  government 
founded  on  its  reports.  It  was  re-organised  in  1833,  by  an 
ordonnance  of  the  Prefect,  which  directs  the  reduction  of  its 
number  to  19  titulary  members  i-eceiving  stipends,  and  6  additional 
non-stipendiary  members.  The  Prefect  of  Police  is  president  of 
the  Council,  and  to  him  the  Council  addresses  annual  reports, 
which  are  printed. 

The  number  of  reports  addressed  to  the  government,  from  the 
year  1829  to  1839,  was  four  thousand  four  hundred  and  thirty- 
one.  During  the  succeeding  six  years,  the  number  rose  to 
three  thousand  and  eighty-seven.  The  augmentation  of  the  annual 
average  is  accounted  for  by  the  growth  of  the  population, 
which  in  1846  was  1,034,206,  showing  an  increase  of  100,000 
on  the  return  of  the  census  five  years  previously.  Another  con- 
sideration, which  indicates  the  importance  and  difficulty   of  the 


duties  of  the  Council  of  Health  of  Paris,  is,  that  the  metropolis 
affords  facilities  for  commencing  many  new  manufactures  long  be- 
fore they  can  be  successfully  introduc^-d  into  the  provinces.  Paris 
isthecentie  of  scientific  associations  and  enterprise;  and  in  di- 
recting the  development  of  meclianical  and  chemical  arts  in  the 
capital,  the  Council  of  Health  does,  in  fact,  solve  problems  which 
affect  the  health  of  the  whole  country. 

In  the  present  rapid  survey  of  the  recent  reports  of  the  associa- 
tion, their  number  and  diversity  render  it  necessary  to  confine  the 
selection  to  a  few  of  the  more  important  subjects.  The  principal 
reports  relate  to  the  adulteration  of  food,  the  analysis  of  bread, 
the  filtrage  of  water,  the  escape  of  waste  liquids  of  liianufactories, 
baths,  and  wash-houses,  the  refuse  of  slaughter-houses,  tallow- 
melting,  glue-making,  &c.,  the  smoke  of  kilns  and  cement-works, 
tanneries,  and  foundries,  the  cleansing  of  cesspools,  methods  of 
heating  and  ventilation,  the  regulation  of  baths,  the  purification 
of  street  gas,  precautions  in  the  manufacture  and  conveyance  ot 
chemical  matches,  fusees,  and  fulminating  jiowders,  steam-engines, 
the  sale  of  arsenic,  metal-gilding,  distilleries,  remedies  against 
drowning  and  suffocation,  epidemics,  and  a  large  number  of  ques- 
tions respecting  the  medical  police. 

Salt.— In  a  single  year  the  Council  analysed  nearly  5,000  samples 
of  salt,  which  had  been  taken  from  different  dealers  by  the  ])olice, 
and  found  2,561  samples  to  be  adulterated,  the  principal  ingre- 
dients for  the  purpose  being  jdaster  and  potash.  After  examining 
other  samples  taken  directly  from  the  salt-pits,  the  Council  re- 
ported, that  when  white  salt  contains  potash,  calcareous  matter,  or 
sand,  it  is  artificially  adultei-ated;  that  grey  salt  appears  to  con- 
tain naturally  a  little  potash  or  calcareous  suliihate  ;  but  that  the 
foreign  substances  always  exist  naturally  in  very  minute  quantities. 
Water. —  In  1841,  the  Council  reported  on  the  different  systems 
of  purifying  the  waters  of  the  Seine;  a  matter  of  vast  importance 
in  Paris,  v\here  a  large  part  of  the  population  use  water  obtained 
from  public  conduits  and  fountains  supplied  from  that  river.  Two 
public  companies  employed  Smith's  process,  with  filters  of  sand 
and  charcoal  in  open  vessels,  and  under  a  small  pressure.  The 
layer  of  charcoal  is  between  two  layers  of  sand,  which  again  are 
between  two  beds  of  flints.  A  third  company  used  the  filters 
bearing  the  name  of  P'onvielle,  which  consist  of  several  alternate 
layers  of  sponge,  sand,  and  charcoal,  contained  in  a  closed  vessel, 
subject  to  a  pressure  of  one  atmosphere,  for  the  purpose  of  in- 
creasing the  rapidity  of  filtration.  Another  process,  most  exten- 
sively used,  is  that  of  Souchon's,  which  consists  in  filtering  the 
water  through  a  number  of  layers  of  a  woollen  tissue,  formed  of 
wool  clippings  placed  on  the  frames  forming  the  bottom  of  the 
filter,  and  spread,  by  the  action  of  the  water  itself,  in  a  compact 
uniform  laj'er.  The  water  passes  through  five  such  layers,  ot 
which  the  two  lowest  are  the  thickest  and  remain  unchanged  for 
five  or  six  daj's  ;  the  others  are  changed  two  or  three  times  a-day. 
The  public  conduit  of  Notre  Dame  is  supplied  by  five  of  the  above 
described  filtei's. 

On  a  microscopic  examination  of  water  filtered  by  the  three  dif- 
ferent processes,  the  Council  of  Health  found  the  water  containing 
the  least  impurity  to  be  that  filtered  by  the  FonvieUe  process; 
next  to  which  came  that  of  the  Souchon  filters.  The  purity  of 
water  depends,  however,  not  entirely  on  the  absence  of  matters 
held  in  suspension,  but  also  of  dissolved  organic  substances' 
w hich  after  a  time  gi^e  a  disagreeable  taste  to  the  best  filtered 
water.  In  this  respect,  the  water  filtered  by  the  process  first  de- 
scribed was  found  to  be  by  far  the  best,  as  it  remained  a  much 
longer  time  without  alterations.  This  result  is  attributed  to  the 
use  of  charcoal,  which  is  frequently  renewed,  washed,  and  dried. 
The  quantity  of  water  filtered  daily  by  Souchon's  process  is  stated 
at  about  162,800  gallons;  by  Fonvielle's  process  at  88,000  to  110,500 
gallons.  The  relative  rapidity  of  the  other  methods  is  far  slower. 
Steam-Enyiues. — Numerous  memorials  have  been  addressed  to 
the  Council  respecting  the  smoke,  discharge  of  waste  water,  noise, 
and  danger  of  explosions  of  steam-engines.  With  respect  to  the 
smoke,  the  Council  have  principally  confined  themselves  to  pre- 
scribing the  use  of  fael  giving  comparatively  little  smoke,  such  as 
semi-bituminous  coal;  the  improved  construction  and  regulation  of 
furnaces,  so  as  to  insure  as  complete  combustion  as  possible  ;  and, 
lastly,  increased  elevation  of  the  furnace  chimneys. 

Gilding  on  Metal. — In  1816,  the  munificent  prize  of  3,000f. 
(d£l20)  was  offered  by  a  private  individual,  and  awarded  by  the 
Academy  of  Sciences  to  M.  D'Arcet,  for  a  most  successful  method 
of  removing  the  injuries  to  health  produced  by  the  operation  of 
gilding  with  mercury.  The  principal  sources  of  these  injuries  are 
the  volatilisation  of  the  mercury,  the  disengagement  of  hyponitric 
acid,  and  the  contact  of  nitric,  sulphuric,  and  hydrochloric  acids, 
mercury,  and  nitrate  of  mercury,  with  the  hands  of  the  workmen 

45 


346 


THE  CIVIL  ENGINEER  AND  ARCHITECT'S  JOURNAL. 


I  November 


The  Council  provide  against  tlie  effect  of  j)ernicious  vapoiirp,  by 
recniirinfT  (according  to  M.  D'Arcet's  system)  the  construction,  for 
all  tlio  operations  in  which  vapour  is  disengaged,  of  a  flue  liaving 
a  strong  upward  draught,  and  an  opening  only  just  large  enough  to 
admit  the  execution  of  the  work.  Air-valves  are  to  he  used  to 
prevent  down-draught  in  the  chimneys,  which  are  coated  with  a 
mercurial  soot,  and  often  filled  witli  acid  or  mercurial  vapour  ;  and 
the  height  of  the  chimney  is  required  to  he  sufficient  to  prevent 
the  deleterious  effects  of  tlie  vapours  upon  the  inhabitants  of  the 
neighbourhood  of  the  manufactory. 

Street  Gas. — The  disagreeable  odour  of  street  gas  is  due  to  hydro- 
sulphuric  acid,  free  or  combined  with  ammonia  or  pyrogeneous 
products.  M'hen  the  sulphuretted  hydrogen  and  hydro-sulphuret 
of  ammonia  reach  the  burner,  the  combustion  converts  the  sul- 
phur into  sulpliuric  acid,  which  exercises  a  deleterious  influence  on 
health. 

It  is  curious,  that  in  this  respect,  the  provincial  towns  of  France 
exhibit  an  advantage  over  the  capital.  In  many  of  the  former,  gas 
is  delivered  to  the  consumer  free  from  sulphuretted  hydrogen  and 
ammoniacal  gas.  By  proper  management,  the  process  of  purifi- 
cation may  be  rendered  complete,  and  will  give,  in  place  of  a  re- 
sidue of  valueless  lime,  a  product  valuable  for  chemical  and  agri- 
cultural purposes.  A  commission  appointed  to  examine  the  pro- 
cess of  M.  Mallet,  which  has  been  successfully  employed  at  Bou- 
logne, Abbeville,  and  other  towns,  reports,  tliat  his  method  con- 
sists in  passing  the  gas,  before  it  reaches  the  lime,  through  chloride 
of  manganese,  or  sulphate  of  iron,  which  rob  it  of  the  ammoniacal 
salts  by  a  double  decomposition ;  precipitating  certain  products, 
and  leaving  others  in  solution  in  the  liquor  in  whicli  the  gas  is 
washed.  The  separation  of  the  sulphuric  and  free  carbonic  acids 
is  subsequently  effected  by  lime,  of  wliich  a  much  smaller  quantity 
is  required  than  by  the  old  method.  M.  Mallet's  process  has  the 
advantage  of  utUising  a  substance  otherwise  valueless ;  for  the 
salts  of  manganese  which  he  requires  are  the  refuse  of  numerous 
kinds  of  manufactures,  where  it  has  been  hitlierto  a  useless  in- 
cumbrance. In  localities  however,  where  it  cannot  be  procured, 
sulphate  of  iron,  the  product  of  alum-works,  may  be  substituted. 
Moreover,  either  substance,  after  being  used  at  the  gas-works, 
furnishes  a  valuable  chemical  product — muriate  of  ammonia,  or 
sulphate  of  ammonia, 

Hanitary  Police. — At  the  instance  of  the  Minister  of  Agriculture 
and  Commerce,  the  Prefect  of  Police  submitted  to  the  Council  the 
important  question  whether  the  bodies  of  persons  deceased  in  the 
colonies,  of  such  diseases  as  plague,  typhus,  yellow  fever,  or 
cholera,  could  be  conveyed  to  France  with  safety.  The  Council 
replied  unanimously  in  the  affirmative  ;  pointing  out,  at  the  same 
time,  certain  measures  of  precaution,  founded  on  a  singular  expe- 
riment made  by  some  of  its  members  who  had  been  sent  to  Egypt 
ujion  a  commission  for  the  purpose  of  examining  the  nature  of 
the  plague.  All  the  person.s  nn  this  commission  wore  nc.rt  their  shin, 
for  a  u-hole  day,  vithout  inconvenience,  clothes  infected  hi/  the  plague, 
and  impregnated  with  pus, — the  only  precaution  taken  being  to  soak 
(not  wasli)  the  clothes  for  a  certain  time  in  cliloride  of  soda. 

A  Report  on  the  effects  of  the  Cholera  Morbus  in  Paris  was  made  by 
special  commission,  consisting  principally  of  members  of  the 
Council  of  Health.  From  this  document,  published  in  ISSi,  and 
returns  made  to  the  commission,  the  following  particulars  are  de- 
duced : — Tlie  cholera  appeared  nearly  simultaneously  in  Paris  and 
the  departments,  and  its  duration  was  the  same  in  both  (March  to 
August,  X832.)  The  mortality  was  greater  among  ivomen  than 
men.  Tlie  ages  which  suffered  least  were  those  from  G  to  20  years. 
The  total  mortality  in  Paris  due  to  cholera  was  t8,402  persons,'"' 
or  23"42  in  a  thousand  ;  and  the  malady  was  most  fatal  during  the 
month  of  July,  and  in  localities  where  the  population  was  poor 
and  the  air  confined.  The  excesses  to  which  the  working  popu- 
lation of  Paris  give  themselves  up  on  Sunday,  appear  to  have  pro- 
duced an  augmentation  of  1/8  in  tlie  numlier  of  admissions  into 
the  hospitals  on  Monday,  'i'he  military  tlirougbout  the  country 
suffered  in  the  proportion  2.5-GG  to  a  thousand,  which  exceeds  the 
corresponding  proportion  (21'S3)  of  the  civil  jiopulation.  In  some 
districts  infected  by  putrid  emanations,  the  disease  was  not  more 
destructive  than  where  the  air  was  purer.  I'p  to  the  1st  of  August, 
the  number  of  deaths  was  17,070,  or  1  in  46.  In  the  Cite  and  the 
vicinity  of  the  Hotel  de  Ville  the  mortality  was  truly  friglitful,  and 
may  he  readily  traced  to  the  filtliy  condition  of  those  parts  of 
Paris.  In  many  of  the  houses,  the  walls  were  blackened  by  the 
damp  exhalations  of  unclosed  cesspools  ;  the  pipes  from  these  were 
in  other  cases  choked,  and  discharged  their  contents  on  the  ruined 
staircases.     In  some  cases  these  pollutions  escaped  into  the  living- 

Ihe  total  number  of  deaths  in  Paris,  in  18.'i2,  was  44,ll:i  of  whiih  lS,i'i2  were  due  to 
eholera,  leaving  25,717  arising  from  other  causes. 


rooms,  and,  in  many,  the  only  access  of  air  and  light  was  from  a 
court,  3  feet  in  diameter,  the  bottom  of  which  was  used  as  a 
common  receiitacle.  Added  to  this,  a  large  jiart  of  tlie  population 
of  these  quarters  constitutes  the  very  dregs  of  society,  and  subsists 
on  tlie  fruits  of  dishonesty  or  debauchery.  The  retribution  wliich 
in  the  case  of  these  persons  followed  the  violation  of  the  laws 
of  society,  may  he  estimated  by  the  fact,  that  in  tlie  lodging- 
houses  of  the  7tli,  9th,  and  12th  Arrondissements  (the  worst  parts 
of  Paris),  the  number  of  cases  of  cholera  was  1  in  9,  and  the 
deaths  1  in  19. 

The  annu.al  mort.ility  for  10  years  previously  was  25,300  ;  so  that 
the  mortality  in  1832,  exclusive  of  cases  of  cholera,  exceeded  the 
annual  average.  The  total  duration  of  the  disease  was  27  weeks, 
from  the  2Gth  of  March  to  the  30tli  of  September  (from  one 
equinox  to  the  other). 

'I'he  report  from  which  the  above  particulars  are  taken,  con- 
cludes with  an  earnest  appeal  on  the  part  of  the  commission  for 
those  sanitary  reforms  of  which  their  inquiries  have  revealed  the 
necessity.  Tlie  statical  returns  furnished  them  %vith  appalling 
details  respecting  the  filth,  indigence,  and  neglect  of  a  large  part 
of  the  population.  Among  the  measures  specifically  recommended 
are,  that  no  new  street  should  be  built  less  than  40  feet  wide  (the 
present  average  is  25  feet)  ;  that  the  height  of  the  houses  should 
be  limited  ;  that  public  conveniences  should  be  constructed  ;  for 
open  gutters,  under-ground  pipes  communicating  with  the  sewers 
should  be  substituted  ;  that  there  should  be  an  increased  supply  of 
water,  which  it  stated  to  be  supplied  to  the  inhabitants  of  Paris 
at  the  rate  of  7  litres  for  each  person,  the  corresponding  rate  in 
London  being  62  litres ;  and  finally,  that  as  far  as  possible  the 
centre  of  Paris  should  be  rendered  more  open,  by  new  streets  and 
public  promenades,  sufficiently  spacious  to  be  planted  with  trees. 

The  following  summary  of  the  proceedings  of  the  Conseil  in  one 
particular  class  of  their  duties,  will  give  some  idea  of  the  extent 
of  their  whole  labours  : — 

Including  Licenses 

steam  engines,    refused. 


Year. 

Manufactories 

iicengetl. 

1840 

199 

1841 

194 

1842 

361 

1843 

402 

1844 

407 

1845 

397 

1846 

462 

61 
68 
97 
95 

105 
90 

130 


23 
22 
22 
17 
23 
20 
24 


RAILWAY  RESCUE,* 

It  is  a  gratifying  proof  of  railway  progress,  that  attention  is 
now  more  strongly  directed  to  the  means  of  running  light  trains. 
It  is  true  that  in  the  beginning,  in  the  Liverpool  and  Manchester 
Railway  contest,  lightness  of  the  engine  was  considered  the  great 
essential ;  but  for  a  long  time,  there  was  an  exigency  which  de- 
manded all  the  energies  of  engineers,  and  that  was — increase  of 
speed,  AV'hen  we  recollect  how  very  moderate  were  the  expecta- 
tions of  most  parties,  as  to  the  rate  to  be  run  by  a  locomotive; 
when  we  recollect  that  ten  miles  an  hour  was  treated  as  an  extra- 
vag.ance,  and  that  superiority  over  good  coaches  was  doubtful. 
AVhen  railways  were  started,  twelve  miles  an  hour  was  got  by 
good  coaches,  and  for  posting  a  higher  speed  ;  and  the  locomotive 
engineer  had  to  get  such  a  velocity  for  the  railway,  as  should  give 
it  a  decided  superiority  over  all  rivals,  and  overcome  by  force  the 
prejudices  which  were  entertained  against  railway  travelling  alto- 
gether. The  engineers  put  their  strength  in  getting  a  higher 
speed,  and  it  must  be  borne  in  mind  that  they  wei'c  the  more 
pressed  to  do  so,  as  propositions  were  then  put  forward  and  ex- 
jieriments  made,  showing  that  a  high  speed  for  passenger  travel- 
ling could  be  got  on  canals,  and  there  were  several  plans  for  putting 
locomotives  on  the  tow-paths  of  the  canals.  The  steam-carriage 
was  then  on  the  road,  and  in  better  favour  ;  and  it  was  necessary 
to  get  on  the  railway  a  speed  beyond  that  at  which  steam-carriages 
could  safely  be  run  on  the  turnpike  roads. 

Pl•o^'ided  speed  was  got,  whether  by  an  increase  of  weight  or 
expense,  it  mattered  not :  and  it  was  got,  and  every  year  has  added 
to  the  weight ;  but  we  are  prepared  thereby  for  a  new  era.  By 
these  great  exertions,  not  merely  the  weight  has  been  increased, 
but  the  working  power,  and  the  economy  of  working  has  been 
greatly  promoted. 

If  the  locomotive   engineer  had  his  attention  absorbed   and 
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drawn  in  one  direction,  so  it  was  with  the  railway  manap;er.  He 
had  to  provide  for  the  traffic  which  first  came  in  his  way,  and  for 
the  demands  of  the  wealthy  and  commercial  classes,  far  greater 
accommodation.  As  yet,  this  is  all  that  has  been  done  ;  and  al- 
though some  saving  has  been  made,  yet  one  of  the  original  objects 
of  tlie  railway  system — clieap  transit — has  not  yet  been  accom- 
plished. 

A  comparatively  low  speed  is  the  most  economical  for  passengers 
and  goods,  but  railways  have  not  yet  been  able  to  give  the  accom- 
modation implied  by  this  condition.  To  suit  their  general  traffic, 
and  to  work  with  safety,  tliey  have  been  obliged  to  work  at  a 
nearly  uniform  speed — which  has,  of  course,  been  a  high  one;  but 
with  the  resources  afforded  by  the  electric  telegraph,  it  now  ap- 
pears possible  to  introduce  slow  and  clieap  trains.  ^Ve  long  since 
pointed  out  in  this  Journal,  the  plan  of  running  trains  at  various 
speeds,  which  was  some  years  after  advocated  by  the  Railway 
Chronicle  ;  and  we  are  glad  to  see  that  the  principle  of  it  lias  now 
been  more  fully  acknowledged. 

The  pamphlet,  now  before  us  advocates  lighter  engines,  lighter 
stock,  and  lighter  works  ;  but  it  seems  that  this  is  to  be  accom- 
panied by  getting  rid  altogether  of  the  present  high  speed.  There 
can  be  no  doubt  that  express  trains  damage  the  rails,  points,  and 
switches,  most  seriously  ;  but  we  cannot  now  turn  back. 

The  present  pamphlet,  although  it  is  crude  and  short-sighted  in 
some  of  its  views,  contains  a  great  deal  of  valuable  matter,  and 
in  the  main  point  of  lighter  stock  and  cheaper  trains,  is  calculated 
to  do  very  much  good.  We,  therefore,  particularly  recommend  it 
to  our  engineering  readers. 

The  following  are  the  author's  opinions  as  to  the  discrepancy 
between  rolling  stock  and  rails  : — 

If  there  be  any  doubt  expressed  as  to  the  discrepancy  of  strength  lietween 
the  rolling  stock  and  the  rails,  a  very  plain  answer  may  be  found  in  the  fact 
of  the  general  renewal  of  rails  now  required.  If  this  be  not  enough,  let  the 
proportions  of  the  periphery  of  a  locomotive  driving-wheel  hecompaieil  with 
the  rail  beneath  it.  The  former  weighs  upwards  of  200  lb.  per  yard  ;  the 
latter  from  70  lb.  to  80  lb.  Yet  the  former  is  of  an  arch  form,  supported  hy 
the  spokes  at  intervals  of  nine  inches,  while  the  latter  is:  a  simple  straight 
beam,  supported  at  intervals  of  fifteen  feet,  which  invariably  deflect  beneath 
the  passing  load  and  destroy  the  continuity  of  support.  To  make  a  perfect 
railw.iy,  the  rail-bar  should  he  of  sufficient  vertical  depth  to  resist  all  deflec- 
tion, with  the  heaviest  load  passing  over  it.  More  than  this,  it  should  he 
sufiiciently  hard  to  prevent  lamination.  And  the  joints  of  the  rails  should 
be  so  reinforced  as  to  be  equally  inflexible  with  the  solid  part  of  the  rail. 
None  of  these  conditions  are  yet  attained  as  regards  the  modern  class  of 
engines,  and  it  is  a  problem  whether  they  can  be  attained  at  all.  Even 
as  there  is  a  limit  to  the  height  of  architectural  structures  relatively  to  their 
base,  by  reason  of  the  friability  of  the  material,  so  there  is  a  limit  to  the 
weight  of  engines,  by  reason  of  the  compressibility  of  iron  and  the  impossi- 
bility of  increasing  surface-hearing;  for  wliether  a  driving-wheel  be  of  three 
feet  or  eight  feet  in  diameter,  the  contact  with  the  rail  can  only  be  a  point 
or  that  which  geometers  call  a  "  flowing  point,"  viz.,  a  line.  Iron,  according, 
to  its  density,  will  bear  a  given  weight  without  compressing,  the  point  of 
contact  being  a  line.  When  iron  has  done  its  utmost,  steel  may  he  resorted 
to  J  and,  possibly,  a  rail  of  2001b.  per  yard,  of  deep  vertical  section,  with  a 
surface  of  hard  steel  three  inches  in  width  and  three  quarters  of  an  inch  in 
depth,  supported  hy  cross  sleepers  at  intervals  of  eighteen  inches,  might  be 
available  to  construct  a  real  "  permanent  way," — for  the  modern  engines. 
"  Permanent  way"  is  at  present  a  lucus  a  non  lucenilo.  "  Permanent  main- 
tenance of  way"  is  a  practical  fact,  as  shareholders  pockets'  can  testify. 

You,  gentlemen,  will  doubtless  be  startled  at  the  contemplation  of  the 
outlay  of  capital  involved  in  the  real  permanent  way  before  described.  If 
you  will  not  agree  to  this  proposition,  you  must  "  try  back."  If  you  cannot 
suit  the  road  to  the  wheel,  you  must  suit  the  wheel  to  the  road.  Having 
the  fear  of  "  no  dividends"  before  your  eyes,  you  must  turn  to  the  practical 
maxim  of  the  Manchester  and  Liverpool  directors  of  old,  gathered  from  the 
e\pericnce  of  the  road,  and  keep  down  your  weights.  Light  horses  for  the 
high  speeds :  brewers'  horses  for  the  drays.  Small  trains  and  frequent, 
with  small  station  room,  few  police  and  porters,  and  fewer  clerks,  a  slight 
increase  of  drivers  and  stokers,  and  a  huge  decrease  of  plate-layers,  and  a 
reduction  in  iron  invoices,  would  do  more  for  your  dividends  and  the  public 
accommodation  than  the  present  system  of  elephantine  traction,  with  a  yield- 
ing foothold — a  power  developed  and  wasted.  For  it  must  be  obvious  that 
if,  after  expending  millions  to  secure  "  good  gradients,"  a  deflecting  rail  be 
laid  down,  it  is  equivalent  to  converting  them  into  bad  gradients.  In  water- 
transit  a  steamboat  drives  a  greater  or  lesser  wave  of  water  before  her  bows. 
In  rail-transit,  a  locomotive  drives  a  wave  of  rail  before  her  driving-wheels 
equivalent  to  ascending  a  constant  incline,  and  demanding  a  far  greater  ex- 
penditure of  steam-power  to  surmount  it.  The  difference  in  the  two  cases 
is,  that  it  is  impossible  wholly  to  surmount,  though  we  modify,  the  difficulty, 
with  the  steamboat,  whereas  in  the  case  of  the  rail  it  is  practical  to  sur- 
mount the  difficulty  altogether  by  proportioning  the  load  on  the  wheel  to  the 
strength  of  the  rail. 

The  wave  line  of  the  rails  might  fairly  be  adopted  as  a  standard  in  esti- 
mating the  value  of  a  railway ;  for  in  proportion  to  the  depth  of  the  wave 


will  be,  catfris  poribiis,  the  power  of  steam  and  the  cost  of  coke.  You 
must  be  aware  that,  to  ascend  a  constant  hill,  requires  more  horse-power 
than  to  travel  along  a  level.  Y'our  horse-power  is  steam,  and  the  railway 
oat  is  coke.  If  your  drivers  and  ostlers  and  road  trustees  increase  the  con- 
sumption of  oats,  the  coach  will  soon  he  run  off  the  road. 

But  even  wave  lines  vary.  For  example,  rails  laid  on  longitudinal  timbers, 
as  the  Great  Western,  yield  an  equable  wave  line.  Kails  laid  on  chairs  and 
transverse  sleepers  make  unequal  waves  at  their  mid-length  and  at  their 
joints.  The  result  is  concussion  as  well  as  sinking,  and  the  loss  of  power  is 
greater.  Mechanical  men  having  their  living  to  get  by  the  prevention  of 
waste,  and  the  economy  of  steam-power,  readily  apprehend  all  this,  for  they 
carry  the  safety-valve  in  their  own  breeches' pockets ;  hut  it  does  not  so 
readily  occur  to  railway  directors.  Let  them  maintain  a  standard  gauge — 
the  wave  of  the  rails.  Perhaps  as  an  additional  stimulant  you  will  take  into 
your  thoughts  the  somewhat  startling  fact  that  a  pair  of  the  largest  railway 
locomotives  would  furnish  power  en  ough  to  supply  the  largest  pumping  water- 
works in  London.  Another  pair  might  achieve  the  tasks  of  delivering  it 
into  their  attics  instead  of  the  ground-floors  of  the  London  dwellings. 
Another  pair  might  pump  up  all  the  sewage  water  south  of  the  Thames,  as 
Mr.  Cliadwick  will  inform  vou. 


SMELTING  COPPER  ORES. 

Description  of  the  process  of  M.M.  Rivot  and  Phillips,  for  smelting 
copper  ores.  (From  a  paper  read  before  the  Society  for  the  Encouragement 
of  Arts  and  Manufactures,Pa  ris.) 

In  a  visit  to  England  in  1815,  one  of  us  became  acquainted  with  the 
experiments  made  in  au  English  copper-works,  to  extract  the  metallic 
cupper  by  means  of  the  action  of  voltaic  electricity,  from  previously  roasted 
sulplmr  ores  df  copper.  The  information  we  obtained  was  the  same  as 
was  laid  before  the  Society  as  descriptive  of  the  process  employed  by  IVI 
Napier. 

The  sulphur  ores  were  first  well  roasted,  then  smelted  in  a  reverberatory 
furnace,  and  the  copper  brought  to  a  metallic  state  by  passing  through  the 
fused  metallic  silicate  a  very  powerful  voltaic  current ;  the  grafhite  hearth 
of  the  furnace,  aud  a  plate  of  cast-iron  kept  at  the  upper  part  of  the 
melted  mass,  forming  the  remaining  part  of  the  voltaic  current. 

Siarting  from  these  given  points,  we  first  tried  to  reduce  by  a  voltaic 
current,   not   the  silicate   of  copper,  but  the  pure  sulphuret  of  copper. 

After  several  ineH'ec'.uhl  attempts,  we  succeeded  in  passing  during  more 
than  two  hours,  a  constant  current  through  a  crucible  containing  sulphuret 
of  copper  at  a  red  heat. 

In  a  common  Hessian  crucible,  we  placed  two  small  pieces  of  compact 
coke,  kept  at  a  little  distance  by  well  compressed  luting  ;  and  in  these 
we  plunged  two  platinum  wires  communicating  with  the  two  poles  of  the 
battery.  The  platinum  wires  were  preserved  from  the  action  of  the  sul- 
phur by  the  pieces  of  coke  and  the  luting.  We  found  in  these  direct 
experiments,  that  coke  is  a  good  conductor  at  a  red  heat,  and  that  the 
luting  conducts  but  a  very  little  at  that  temperature. 

Tubes,  fixed  in  two  notches  of  the  crucible, had  for  their  object  the  pre- 
vention of  contact  between  the  charcoal  and  the  platinum  wires,  a  point 
of  essential  importance  on  two  accounts :— First,  the  burning  charcoal 
would  have  established  a  communication  between  the  two  poles  of  the 
battery  outside  the  crucible,  and  consequently,  a  large  portion,  if  not  the 
whole  of  the  current  would  have  been  deviated,  and  not  have  traversed 
the  fused  mass.— Secondly,  the  alkaline  ashes  of  the  wood  charcoal  would 
have  rapidly  attacked  the  platinum  wires,  and  the  current  thus  have  bqea 
interrupted.  The  copper  wires  closing  the  circuit  communicated  with  a 
galvanometer,  the  needle  of  which  indicated  by  its  deviation  the  energy 
of  the  current.  We  employed  constant  batteries  with  copper  and  zinc 
elements,  and  solutions  of  sulphate  of  copper  and  common  salt,  of  six  to 
twenty-four  couples,  and  sometimes  only  one  Hnnsen  battery  of  thirty 
elements.  We  always  simultaneously  made  two  comparative  experiments, 
by  placing  in  the  furnace  two  crucibles  exactly  similar,  the  one  traversed, 
and  the  other  not  traversed,  by  the  current. 

We  found,  after  several  experiments,  that  the  sulphuret  of  copper  not 
decomposed  by  the  coke,  is  but  very  slightly  decomposed  by  a  constant 
current  of  twenty-four  couples  of  the  voltaic  battery,  producing  a  deviation 
of  the  needle  of  the  galvanometer  of  35  to  40  degrees. 

By  employing  a  Bunsen  battery  of  thirty  elements,  producing  a  devia- 
tion of  the  needle  of  the  galvanometer  of  4-5  to  50  degrees,  we  have  reduced 
a  notable  quantity  of  copper  in  a  state  of  fusion  ;  but  the  largest  propor- 
tion of  the  sulphuret  remained  undecomposed. 

These  results  convinced  us  that  the  action  of  the  battery  is  feeble  as 
regards  sulphuret  of  copper,  and  that  the  very  powerful  voltaic  current 
requisite  for  effecting  the  decomposition,  as  well  as  the  difficulty  of  con- 
veniently disposing  the  apparatus,  would  prevent  the  employment  of  this 
process  for  the  treatment  of  sulphuret  of  copper,  and  o  portion  for  that 
of  pyritic  copper,  which  is  the  most  common  ore  of  copper. 

Experiments  analogous  to  the  preceding,  in  the  which  wo  replaced  the 
two  poles  of  coke  by  rods  of  iron,  have  indicated  to  us  that  the  action  of 
the  battery  renders  more  rapid,  but  not  complete,  the  reduction  of  sul- 
phuret of  copper  by  the  iron.    It  always  forms  a  mass,  rich  in  copper. 
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The  action  of  the  battery,  aided  hy  that  of  the  iron,  separates  from  the 
sulphuret  of  ropper  hut  a  very  small  proportion  of  copper. 

In  aiJiiiiiKons  expcrimeuts  made  on  galena  (snlphnrel  of  lead),  this 
mineral  presented  the  same  characters  as  the  sulpluiret  of  ropper.  We 
also  found  always  a  great  lo>s  in  the  crucible  traversed  by  the  voltaic 
current,  due  to  the  volatilisation  of  the  melal.  These  experiments  clearly 
demonsiraied  to  us  that  the  action  of  the  l)attery,  aided  even  by  that  of 
iron,  could  not  serve  as  a  process  for  the  direct  treatment  of  the  sulphur- 
ous ores  of  lead  or  of  copper. 

Me  then  repealed  the  experiments  of  M.  Napier,  and  endeavoured  to 
reduce  the  fused  silicate  of  copper  and  iron,  by  a  current  brought  by  two 
poles,  the  one  of  iron,  the  other  of  plumbago,  in  immediate  contact  with 
tlie  fused  mass.  I5nt  Me  very  soon  convinced  ourselves,  that  of  the 
three  agenis  employed  for  the  reduction  of  the  oxide  of  copper  (ihe  plum- 
bago, tl]e  iron,  and  the  current),  the  lirst  two,  especially  the  iron,  were 
quiie  surticieul;  and  numerous  experiments  proved  to  us,  that  by  the 
action  of  iron  alone,  a  silicate  of  copper,  containing  besides  oxides  of 
copper,  other  bases,  such  as  soda,  lime,  oxide  of  iron,  6cc.,  gave  up  in  less 
than  one  hour's  action  of  the  fire,  the  whole  of  its  copper  united  in  a 
button  of  complete  purity. 

It  is  thus  tiiat  we  have  been  led  to  search  in  the  acticm  of  iron,  the 
principle  of  the  reduction  of  oxide  of  copper.  Me  first  made  several  ex- 
periments in  crucibles,  in  order  to  determine  the  circumstances  most 
favourable  in  the  action  of  iron.  The  follo\\ing  are  ihe  principal  results 
which  we  obiained.  In  our  crucible  wei'e arranged  two  or  more  iron  rods, 
dipping  almo-t  to  the  bottom,  and  kept  at  the  upper  part  by  a  bed  of 
luting.  The  material  employed  was  eiiher  roasled  [iyritous  copper,  or  a 
mixture  of  oside  of  copper,  oxide  of  iron  and  sand;  to  these  we  added 
as  fluxes,  soda,  or  lime,  or  even  chalk  oidy.  By  einplo\ing  soda  as  the 
flux,  the  reduction  of  the  oxide  of  copper  was  com|)lete  in  a  very  short 
time.  At  a  quarter  of  an  hour's  fusion,  the  copper  obtained  was  chemically 
pure.  AVith  chalk,  the  complete  reductiou  required  one  hour's  fusion. 
The  copper  produced  contained  much  iron  (often  15  per  cent.)  when  tlie 
iron-rods  dipped  down  to  the  bottom  of  the  crucible;  and,  on  the  con- 
trary, was  always  very  pure  when  the  rods  reached  but  a  lillle  way  above 
the  bottom.  'I  he  time  necessary  for  the  complete  reduction  of  the  oxide 
of  copper,  was  more  or  less  great  in  proportion  to  the  number  of  iron  rods 
employed. 

Saiistied  with  these  results,  we  constructed  a  reverbeiatory  furnace 
capable  of  containing  about  250  kilogrammes  (5  cwt.)  of  fused  melallic 
silicates,  and  presenting  no  other  peculiarity  of  construction  ihan  having 
six  grooves  or  vertical  hoUowed-out  places  in  ihe  wall  opposite  to  the 
door  of  the  furnace.  Their  use  was  to  niaiulain  in  the  fused  mass 
six  bars  of  iron  of  6  to  8  centimetres  (2^  to  3^  inches)  wide,  and 
70  centimetres  (28  inches)  long.  These  bars  thus  acted  on  a  large  portion 
of  the  melted  mass,  were  not  in  contact  with  the  copper,  were  readily  put 
in  and  removed,  and  we  were  able  to  stir  the  melled  mass  between  the 
bars,  in  such  a  way  as  to  render  it  homogeneous,  and  renew  tlie  parts  in 
contact  with  Ihe  iron.  AVe  have  treated  in  this  furnace,  more  than  three 
tons  of  the  pyritic  ores  of  Cornwall,  Germany,  and  Spain,  all  previously 
carefully  roasted.  This  complete  rousting  is  easy  enough  when  the  ore  is 
ground  with  fine  sand  ;  it  is  done  w  ith  ordinary  precaution,  but  should  be 
finished  with  a  brisk  heat.  In  the  first  experiment,  we  commenced  by 
fusing  the  roasteti  ore  wiih  lime  and  poor  slag  ;  and  when  the  fusion  was 
complete,  we  applied  six  bars  of  iron,  which  were  allowed  to  remain  during 
four  hours.  After  this  time,  we  removed  the  bars  and  ran  out  the  metal. 
In  operating  thus,  we  always  found  the  consumption  of  iron  to  be  much 
greaier  than  theory,  pointed  out  assullicient  for  tlie  reductiou  of  the  oxide 
of  copper.  The  slag  retained  from  2  to  3  per  cent,  of  copper.  We  at- 
tempted to  smelt  this  slag  by  itself,  and  acted  upon  it  wilh  bars  of  iron 
for  four  hours  :  the  result  was  that  we  obtained  new  slag,  equally  rich  in 
cojiper  wilh  the  former  ;  and  this,  notw  ilhstaiuiing  that  the  bars  lost  several 
kilogrammes  of  weiglit.  This  oxidation  of  the  bars  of  iron  could  not  be 
attributed  to  the  air  of  the  furnace  which  had  not  served  for  combustion, 
since  the  bars  were  constantly  and  entirely  plunged  into  Ihe  fused  ma- 
terial,  but  was  evidently  due  to  the  peroxide  of  iron  contained  in  the 
metallic  silicate,  and  which  would  be  brought  by  the  iron  to  the  state  of 
protoxide  before  the  oxide  of  copper  could  be  completely  reduced  by  Ihe 
iron.  We  then  endeavoured  to  reduce  the  consumption  of  iron,  and  recover 
the  copper  lost  in  the  slag,  by  adding  to  the  action  of  the  iron  that  of 
charcoal  or  coal.  The  carbonaceous  material  might  be  employed  in  two 
ways.  I'irst,  mixed  with  the  wasted  ore  ;  secondly,  added  after  complete 
fusion,  to  the  compound  formed  of  the  fused  silicates.  In  operating  in 
this  last  manner,  we  were  soon  convinced  that  the  charcoal  acted  iiut  slowly 
and  feebly  in  the  fused  silicates,  because  it  floated  on  the  surface  of  the 
mass,  and  could  not  be  kept  within  it.  Nevertlu  less,  its  action  is  of  some 
account ;  for,  w  hen  we  threw  on  the  melted  mass  in  the  furnace  a  certain 
quantity  of  poor  coal,  we  always  observed  a  rapid  augmentation  of  ils 
fluidity,  explained  only  by  the  reduction  to  Ihe  state  of  protoxide  of  iron, 
of  a  considerable  quantity  of  the  peroxide.  The  consumption  of  iron 
being  still  very  great,  we  next  proceeded  to  examine  the  action  of  the 
carbonaceous  matter,  when  mixed  wilh  the  roasted  ore  before  charging  the 
furnace.  After  several  trials,  we  have  adopted  as  the  most  convenient 
proportion  of  charcoal  dust,  or  small  poor  coal,  that  which  is  required  to 
produce  one-half  carbonic  acid,  and  one-half  carbonic  oxide,  in  combining 
Willi  the  oxygen  of  the  oxide  of  copper,  and  that  combined  with  the  prot- 
oxide of  iron  in  the  roasted  ore.  This  proportion  gave  us,  without  em- 
ploying the  action  of  iron,  a  slag  containing  2J  per  cent,  of  copper.     We 


have  proved  by  several  trials  (1.)  that  this  proportion  of  charcoal  need 
not  be  rigorously  adhered  to  ;  and  that  it  may  be  either  increased  or  di- 
ininishi  d  to  some  extent,  without  the  slag  being  eiiher  poorer  or  riclier  ia 
copper,  or  the  quality  of  the  copper  altered.  (2.)  That  in  increasing  much 
the  proportion  of  charcoal  mixed  with  the  ore,  and  in  raising  the  lempera- 
ture  of  Ihe  furnace  to  a  bright  while  heat,  we  could  always  bring  the  last 
slag  (without  Ihe  action  of  iron)  to  such  a  point,  that  it  should  not  contain 
more  than  ^  7^^  of  cojiper  :  but  then  the  copper  contained  H  to  10  per  cent,  of 
iron.  ISy  operating  at  a  lower  temperature  to  that  strictly  necessary  for 
fusion,  we  olitained  a  slag  rich  enough  in  copper,  and  still  containing  5  to  6 
percent,  of  iron.  (3.)  That  the  action  of  the  bars  of  iron  on  the  fused  silicate, 
coniaining  2  to  3  per  cent,  of  copper,  is  powerful  and  rapid  ;  and  that 
three  hours  are  sullicienl  to  bring  the  slag  to  such  a  state  that  it  shall  con- 
lain  only  Yinn;  '"  Torrrr  "^  copper,  the  copper  obtained  being  at  Ihe  same 
time  free  from  iion.  'I'lie  following  is  the  mode  of  operation,  we  were  detini- 
tively  led  lo  adopt  : — We  cliarge  the  healed  furnace  wilh  a  mixture  of 
roasted  ore  (3  lo  3j^  cwt  )  and  lime  or  sand,  and  the  slag  of  a  prececling  ope- 
ation,  in  quantiiy  convenient  for  determining  the  fusion  of  the  material,  and 
charcoal  or  small  ceal  in  the  proportion  previously  indicated.  In  reckoning 
only  as  bases  in  the  charges,  the  protoxide  of  iron  and  the  lime,  we  en- 
deavour lo  produce  a  bisilicate,  containing  12  to  13  per  cent,  of  lime. 
Experience  lias  pointed  out,  that  a  bisilicate  of  protoxide  of  iron,  one  base 
only,  melts  very  quickly  and  acquires  a  great  iliiidity,  but  readily  gives  a 
cojiper  containing  much  iron. 

After  charging  the  furnace,  we  throw  on  the  surface  of  the  mass  one 
or  two  shovelsfn!  of  small  coal,  for  the  purpose  of  preserving  the  material 
from  oxidation  by  the  flames  of  the  furnace.  We  stir  the  mass  from  time 
lo  time,  in  order  to  enable  it  lo  heat  more  uniformly,  and  melt  quicker. 
We  sometimes  succeed  in  melting  completely  in  four  hours.  As  soon  as 
the  mass  commences  to  agglomerate,  the  parts  which  attach  themselves 
to  the  rakes  contain  a  certain  quantity  of  copper  scales  :  when  the  fusioa 
is  complete,  the  rods  plunged  into  the  melted  mass  indicate  the  re-union 
of  the  copper  at  the  lowest  point  of  the  hearth  of  the  furnace  near  the 
discharge  iiole. 

We  have  always  examined  the  slag  swimming  on  the  eopper  at  this 
moment  of  the  operation,  after  having  carefully  stirred  the  mass  so  as  to 
produce  slag  of  a  homogeneous  quality,  and  found  it  to  contain  2  to  3  per 
cent,  of  copper.  When  the  whole  is  well  melted,  we  place  six  bars  of 
iron,  weighing  altogether  from  36  to  45  kilogrammes  (81  to  lli5  lb.), 
fixing  their  ends  in  the  grooves  in  ihe  side  of  the  furnace  opposite  to  the 
door,  taking  care  to  plunge  them  entirely  into  the  melted  mass.  We  then 
again  throw  on  Ihe  suiface  of  the  slag  a  small  quantity  of  coal,  to  prevent 
the  peroxidation  of  the  protoxide  of  iron  of  the  slag  by  the  flames;  then, 
from  half-hour  to  half-hour,  we  stir  with  a  two-pronged  rake  (very  conve- 
nient to  clean)  the  surface  of  the  iron-bars  immeised  in  the  slag.  Me  also 
employ  as  a  powerful  means  of  producing  the  mixture,  a  wooden  pole, 
which,  plunged  into  the  slag,  gives  a  considerable  disengagement  of  gas, 
and  produces  a  strong  frothing  np.  The  appearance  of  the  slag  lurni^hes 
but  little  indication  of  Ihe  progress  of  the  reduction  of  the  metal  ;  we  have 
however,  proved  that  trials  made  with  a  cold  rake,  plunged  for  a  moment 
into  the  fused  mass,  always  presents  on  contact  with  the  iron,  a  reddish 
metallic  tint,  strongly  marked  where  the  slag  was  rather  rich  ;  a  lint 
which,  on  the  contrary,  was  scarcely  disceruable  when  the  slag  contained 
not  more  than  j^^  to  .tfj,;  of  copper. 

We  have  always  found  that  three  to  four  hours  are  sufficient  to  remove  the 
copper  from  the  slag  up  to  yituit  '"  T^nrij-  After  this  interval  of  time  we 
draw  out  the  bars,  and  run  ofl'  the  metal.  The  duration  of  one  entire  operation 
is  thus  about  eight  hours,  and  three  operations  may  be  readily  conducted 
in  one  day.  The  loss  in  weight  of  tlie  iron  bars  varies  in  our  experiments  to 
from  1  to  6  kilogrammes  (2^  to  13  lb.),  for  quantities  of  copper  of  12 
to  42  kilogrammes  (27  to  94  Ib.j  obtained  from  ores  of  various  quali- 
ties. This  loss  is  independent  of  the  richness  of  the  ore,  and  the  consump. 
tion  of  the  iron  is  proportionally  less  for  the  rich  than  the  poor  ores.  For 
the  pyritic  ores  of  Spain,  containing  21  percent,  of  copper,  we  have  con- 
sumed 11  parts  of  iron  for  100  of  copper  obtained.  The  English  ores 
which  we  have  melted  contained  7  per  cent,  of  copper,  4  to  6  per  cent,  of 
arsenic,  a  small  portion  of  antimony,  and  some  traces  of  tin  ;  from  these  we 
have  obtained  an  impure  black  copper,  containing  3  to  5  percent,  of  arsenic, 
2  to  3  per  cent,  of  tin,  and  only  a  few  thousandths  of  sulphur  and  iron. 
This  result  has  not  surprised  us;  the  arsenic  can  only  be  completely  driven 
away  by  a  great  number  of  successive  operations  and  alternations  of  roast- 
ing  and  reduction.  Thus,  we  do  not  propose  the  application  of  our  process  for 
the  treatment  of  ores  containing  much  arsenic  or  antimony — as,  for  example, 
the  grey  copper  ores.  With  the  pyritie  ores  not  containing  arsenic  we 
have  always  obtained  a  very  pure  black  copper,  containing  only  from  ^-^ 
to  -nnnr  "^  sulphur  and  iron. 

The  roasting  has  a  certain  influence  on  the  quality  of  the  copper,  and  on 
the  consumption  of  iron.  With  well  roasted  ores  we  never  had  a  deposit 
underneath  the  copper,  which  was  the  case  with  ores  imperfectly  roasted. 
The  copper  contained  not  the  least  iron,  and  less  than  -pA-  of  sulphur. 
The  consumption  of  iron  was  much  less  with  well  roasted  ores,  and  the 
final  slag  less  rich  in  copper.  The  temperature  which  we  have  adopted  as 
the  most  convenient,  is  tliat  which  is  strictly  necessary  for  the  fusion  of  the 
copper  and  the  slag.  Too  high  a  temperature  renders  the  action  of  the  iron 
on  the  silicate  of  copper  more  rapid  and  energetic  ;  but  the  coal  reduces 
more  easily  a  part  of  the  oxide  of  iron  combined  with  the  silica.  In  ope- 
rating in  the  same  manner,  on  the  same  mineral,  at  a  well-regulated  tempe- 
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rature,  and  at  a  bright  red  heat,  maintained  from  the  commencement  of  the 
operation,  we  liave  obtained,  in  tbe  former  case,  a  copper  of  sufficient  purity  ; 
in  the  latter  case,  a  copper  contaminated  with  3  per  cent,  of  iron. 

The  consumption  of  coal  employed  in  our  furnace  will  not  give  a  great  in- 
dication as  to  the  quantity  which  would  be  required  in  a  large  reverberatory 
furnace  kept  in  constant  operation.  We  can,  however,  give  a  calculation  of 
sufficient  approximation  from  the  consumption  of  the  large  copper  furnaces 
in  Wales. 

The  ores  to  which  our  process  may  be  applied  with  the  greatest  advantage 
are  the  oxides  orpyritic  ores  with  a  gangue  of  pyrites  or  oxide  of  iron  ;  they 
render,  by  our  mode  of  treatment,  copper  of  excellent  quality.  These  ores, 
as  at  present  treated,  yield  a  black  copper  containing  much  iron.  Our  pro- 
cess is  also  readily  applicable  to  all  the  ores  of  copper  which  do  not  contain 
too  much  arsenic  or  antimony.  Tbe  process  which  we  have  described  offers 
several  marked  advantages  over  tbe  methods  ordinarily  employed.  It  is 
lapid  and  economical,  since  by  one  single  fusion  we  obtain  a  slag  sufficiently 
poor  to  be  rejected,  and  all  tbe  copper  in  a  state  of  sufficient  purity  to  be 
sold  after  one  smelting,  or  at  the  most  a  short  refining  It  requires  no 
difficult  manipulation,  and  the  workmen  can  readily  understand  the  way  of 
conducting  tbe  operations.  Tbe  complete  roasting  of  the  ore  is  not  a  new 
operation  in  metallurgy  ;  it  is  easily  accomplished  when  tbe  ore  is  ground 
with  sand  of  sufficient  fineness  ;  it  requires  tact  and  attention  on  tlie  part 
of  the  workmen,  and  should  be  finished  by  a  good  stroke  of  the  fire,  in 
order  to  decompose  tbe  sulphates  formed  at  a  lower  temperature.  We  have 
previously  pointed  out  that  tbe  principal  inconvenience  of  an  incomplete 
Toasting  is,  in  the  smelting,  a  greater  consumption  of  iron,  and  a  less  com- 
plete removal  of  the  copper  from  tbe  slag  in  a  given  time.  A  good  roasting 
furnace  should  contain  about  ih  ton  of  ground  ore  :  tbe  operation  should 
be  continued  from  15  to  24  hours.  For  the  smelting,  the  furnaces  should  be 
similar  to  the  large  reverberatory  furnaces  of  Wales,  and  contain  for  a  charge 
24  cwt.  of  ore.  There  should  be  three  smelting  furnaces  for  four  roasting 
furnaces,  supposing  that  three  operations  may  be  conducted  in  each  smelt- 
ing furnace  daily.  The  refining  of  copper  of  the  first  smelting  maybe  done 
in  a  furnace  containing  four  tons ;  an  operation  which  does  not  require  more 
than  12  hours.  To  give  an  idea  of  the  principal  materiel  necessary  for  the 
production  of  a  certain  quantity  of  copper,  we  will  suppose  that  we  have 
to  treat  a  pyritic  ore  of  copper  with  a  gangue  of  pyrites  or  quartz,  contain- 
ing at  Ihe  most  15  percent,  of  copper.  To  produce  per  anntmi  100  tons 
of  copper,  there  will  be  required  two  pair  of  stamping  mills,  twelve  roasting 
furnaces,  eight  smelting  furnaces,  and  one  copper  refining  furnace. 

It  will  also  be  very  advantageous  to  annex  to  the  copper-works  an  iron- 
work, which  would  produce  at  a  low  price  tbe  iron  necessary  for  the  tools 
and  implements  employed,  the  bars,  &c.,  and  to  use  up  tbe  old  bars  which 
will  no  longer  serve  in  the  smelting  furnaces.  We  have  also  applied  tbe 
action  of  iron  on  the  metallic  silicates  in  fusion  to  the  treatment  of  sulphate 
of  lead,  but  less  successfully  than  in  the  case  of  copper  ores.  These  trials 
have  been  made  on  a  large  scale  in  a  reverberatory  furnace  capable  of  con- 
taining 24  cwt.  of  mateiials. 

To  the  dry  sulphate  of  lead,  we  added  sand,  a  little  chalk,  the  slag  of  a 
preceding  operation,  and  about  three  per  cent,  of  charcoal.  A  larger  pro- 
portion of  charcoal  always  gave  a  little  sulphuret  of  lead  with  tbe  metallic 
lead.  We  charge  the  furnace,  and  heat  it  so  as  to  eflfect  an  entire  fusion  for 
the  space  of  five  hours.  We  then  throw  into  tbe  fluid  mass,  at  three  or  four 
times,  iron  turnings,  which  replace  to  great  advantage  the  bars  of  iron.  The 
proportion  of  cast-iron  turnings  necessary  is  about  one-eighth  of  the  weight 
of  the  dry  sulphate  of  lead.  We  stir  the  mass  very  frequently,  and  after 
four  or  five  hours'  action  of  the  iron,  run  off  the  metal.  We  have  obtained, 
in  this  manner,  45  to  48  parts  of  lead  from  100  of  sul|)hate  of  lead.  Tbe 
loss,  therefore,  of  metal  was  considerable,  which  was  due  in  great  part  to 
the  volatilization  of  the  lead,  the  fumes  of  which  were  evident  at  the  top  of 
the  chimney;  this  volatilization  principally  took  place  during  the  stirring 
and  tbe  charging.  We  notice  this  application  of  our  process  to  the  reduc- 
tion of  sulphate  of  lead,  because  that  it  proves  that  iron  acts  very  rapidly  on 
the  silicate  of  lead,  and  that  this  action  might  be  employed  under  certain 
circumstances. 

To  complete  the  description  of  the  process  for  the  metallurgical  treat- 
ment which  we  propose,  we  now  proceed  to  give  an  estimate  of  the  probable 
cost  of  the  treatment  of  copper  ores.  We  base  this  estimate  on  tbe  dura- 
tion of  the  operations  in  the  reverberatory  furnaces  in  which  we  have  treated 
the  ores  of  copper  and  tbe  sulphate  of  lead  ;  on  the  consumption  of  coal  iu 
the  large  smelting  furnaces  in  Wales ;  and  on  the  consumption  indicated 
from  our  own  experiments. 

To  compare  our  process  with  that  adopted  in  the  greater  number  of  cop- 
per-works in  England,  we  have  adopted  the  figures  given  by  MM.Dufrenoy, 
Elie  de  Beaumont,  Costa,  and  Perdunnet,  in  their  "  Voxjage  Metallurgique 
en  Angleterre."  We  will  reckon  the  cost  for  1  ton  of  pyritic  ore  having  a 
gangue  of  quartz  and  iron  pyrites.  For  tbe  refining,  we  calculate  the  expense 
for  one  ton  of  copper. 

KivoT  AND  Phillips'  process. 
First  Operation. — Grinding  of  the  ore. 

For  one  ton,  ..  ,.      1/r.  50c.     =     Is.     Zd. 

Second  Operation. — Roasting  of  the  ore  in  furnaces  containing  36  cwt. 
Duration  of  roasting  process,  18  hours.  (We  may  remark  that  for  tbe 
roasting,  the  lost  heat  from  the  smelting  furnaces  may  be  very  well  em- 
ployed, as  is  done  in  some  English  works.) 


Labour,  1 J  day  @  2  francs 
Coal,  6  cwt.  @  1/r.  ¥"  2  cwt. 

Total 


3/r. 
3 

6/r.     =   j 


Tliird  Operation— '&me\t\n%  of  the  roasted  ore.  Furnaces  containing  IJ 
ton  of  ore  (weight  of  crude  ore).  Duration  of  operation,  eight  hours. 
Consumption  of  coal  per  hour,  on  an  average,  120  kilo.  =  2  cwt.  I  qr.  16  lb. 
The  iron  is  put  at  25  fr.  the  100  kilo.  =  203.  the  2  cwt. 

fr.  c. 

Labour,  0-87  day  (g  2  fr l  74 

Goal,  640  kilogrammes  (g  1  fr.      ..      6  40 

Iron,  &c 9  00 


Special  Expenses 


17     14     =     13s.  8rf. 


This  operation   gives  all  the  copper  contained  in  the  ore  in  the  state  of 
black  copper,  containing  but  a  very  little  iron  and  sulphur. 

The  special  expenses  of  the  treatment  of  one  ton  of  copper  ore  of  ordi- 
nary qaality,  6  to  30  per  cent,  according  to  our  process, 

fr.    c. 

1     50 

6     00 

..      17     14 


Grinding 
Roasting 
Smelting 


Total 24     64     =  19s.  9(?. 

Fourth  Operation. — Refining  of  the  black  copper  obtained  by  smelting. 

In  a  furnace  containing  4  tons  of  copper.  Duration  of  the  operation,  12 
hours.     Mean  consumption  of  coal  per  hour,  2  cwt. 

For  one  ton  of  copper : — 

fr.    c.  a.    d. 

Labour,  1  half-day  (S  3  francs  . .         ..150  13 

Coal,  H  cwt.  (a  1  franc 1     50  13 


Total 


2     6 


For  an  ore  rendering  8  to  10  per  cent,  of  copper,  the  refining  will  add  about 
30  per  cent,  to  the  expenses. 

In  adding  to  these  expenses  3  francs  (2s.  dd.)  for  repairs  of  implements, 
&c.,  we  arrive  at  a  sum  of  21  fr.  94e.  for  the  expenses  of  the  treatment  of 
one  ton  of  ore,  comprising  the  refining — say  in  round  numbers,  28  francs 
(22s.  6<?.)  For  a  return  of  8  to  10  per  cent.,  tbe  special  expenses  for  1  ton 
of  refined  copper  will  be  350  francs  (14/.)  ;  for  a  return  of  25  per  cent., 
112  francs  {il.  10s.) 

WELSH    PROCESS. 

The  special  expense  of  the  treatment  of  one  ton  of  ore,  containing  or 
rendering  8  per  cent,  of  copper,  is  as  follows  : — 

Coal,  1,600  kilogrammes  (S  1  franc  ..  ..      16/r. 

Labour,   &c.   &c.        ..         ..  ..         ..26 

Total     .,         ..     42/r.     =     33s.  2£f. 
Difference  in  favour  of  our  process,  14  francs  (lis.  8rf.) 
For  one  ton   of  copper  and   for  the  ores  ordinarily  treated  in  Wales,  the 
difference  in  the  special  expenses  of  the  treatment  is  175  francs  {11.) 

The  Society  for  the  Encouragement  of  the  Arts  and  Manufactures,  and 
the  Academy  of  Sciences,  have  both  reported  favourably  on  the  process  of 
MM.  Rivot  and  Phillips. 


FALL  OF  RAIN. 

All  Account  of  some  Observations  made  on  the  Depth  of  Rain  ivJiich  falls 
in  the  same  localities,  at  different  altitudes,  in  the  hilly  districts  of  Lan- 
cashire, Ches/iire,  and  Devljyshire.  By  S.  C.  Homersham,  C.E.— (Read 
before  the  Royal  Society  of  London,  May  25,  1848). 

Having  been  present  at  a  meeting  of  the  Royal  Society  of  London  on 
the  evening  of  the  18th  of  May  last,  when  a  valuable  and  interesting 
paper  was  read,  "  On  the  Meteorology  of  tbe  Lake  Districts  of  West- 
nioreland  and  Cumberland,"  by  J.  F.  Miller,  Esq.,  of  Whitehaven,  ia 
which  paper  the  following  remark  occurred :— "  It  would  be  premature, 
from  tbe  scanty  data  before  me,  to  draw  any  conclusion  as  to  the  grada- 
tion in  the  quantity  of  rain,  at  these  great  elevations  above  the  sea. 
But  it  seems  probable  thai,  in  mountainous  districts,  the  amount  of  rain 
increases  from  the  valley  upwards,  to  an  altitude  of  about  2,000  feet,  where 
it  reaches  a  maximum  ;  and  that  above  this  elevation  the  quantity  rapidly 
decreases.  The  table  for  1846  exhibits  the  rain  fall  of  tbe  summer  months 
only  ;  but  the  additional  returns  of  1847,  obtained  in  every  variety  of 
season,  conBrm  the  above  deductions  in  every  essential  particular,  so  that 
we  may  fairly  assume  the  combined  results  to  be  indicative  of  a  physical 
law,  so  far  at  least  as  relates  to  the  particular  locality  in  question." 


sso 
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I  am  desirous  of  laying  before  llie  Roy«l  Society  certain  observations 
made  under  my  own  direction,  wliich  lead  me  to  dilTer  from  tlie  author  of 
that  paper  in  the  conclusion  lie  has  deduced  from  his  facts. 

Mr.  Miller  kindly  furnished  me  some  lime  since  with  many,  if  not  the 
whole,  of  the  results  of  his  experiments  in  thcs*  districts  up  to  the  begin- 
ning of  INIarch  last.  I  have  been  careful  to  ascertain  whether  Mr.  Miller's 
own  experiments  fully  bear  out  the  conclusions  suggested  in  the  quotation 
above  made,  because  this  conclusion  is  in  direct  opposition  to  the  recorded 
observations  of  the  Honourable  Daines  Barringtun,  l'M{  S.,  Dr.  Dalton, 
Professor  Daniell,  Samuel  Marshall,  Esq,  of  Kendal, and. John  Meniing,Ksr[., 
of  Manchester;  and  also  to  observations  made  in  1841  by  Captain  Lefroy, 
then  Director  of  the  Observatory  at  St.  Helena;  the  results  of  which  ob- 
servations were  published  in  1847,  by  order  of  Her  Mnjesty's  Government, 
under  the  superintendence  of  Lieut.  Col.  Sabine,  F.S.H.S.,  in  a  volume 
entitled  "  Observations  made  at  the  Magnetical  and  Meteorological  Ob- 
servatory of  St.  Hekna." 

The  Honourable  Daines  Barrington,  F.R.S.,  stales  in  the  "  Pliiloso- 
phical  Transactions"  for  1771,  page  294,  that  in  1770  he  caused  two  rain 
gauges  to  be  placed,  one  on  Mount  Rening,  in  Wales,  1,350  feet  above 
the  level  of  the  sea,  and  the  other  upon  the  plain  below.  From  July  0th 
in  this  year  to  October  29th,  the  gauge  on  the  top  of  the  mountain  caught 
8-1C5  inches  of  rain  ;  the  one  at  the  bottom  8-7C0  inches,  showing  half  an 
inch  more  rain  to  have  fallen  at  the  bottom  than  ou  (Ae!  top  of  the  moun- 
tain. 

Dr.  Dalton,  in  the  "  Memoirs  of  the  Literary  and  Philosophical  So- 
ciety of  Manchester,"  vol.  v..  New  Series,  p.  236,  says  :— "  From  the  ob- 
servations made  in  Great  Britain,  it  appears  to  be  an  established  fact,  that 
more  rain  falls  in  the  iiilly  part  of  the  country  than  in  the  plain  ;  but  it 
also  appears  that  the  quantity  of  rain  in  a  low  situation  is  greater  than  in  an 
elevated  situation  in  the  vicinity." 

Professor  Daniell,  in  his  "Elements  of  Meteorology," vol.  i.,  p.  230, 
states,  "  It  has  been  ascertained  more  rain  falls  at  the  bottom  of  a  moun- 
tain than  the  top.  Samuel  Marshall,  Esq.,  of  Kendal,  also  states,  in  a 
communication  published  in  1839;  in  the  Transactions  of  the  Meteoro- 
logical Society,"  vol.  i.,  p.  Hi,  that,  "  It  is  a  fact  sufficiently  well  estab- 
lished, that  more  rain  falls  in  low  situations  than  in  more  elevated  ones, 
even  when  contiguous. 

And  more  recently,  John  Fleming,  Esq.,  states,  in  the  "Memoirs  of 
the  Literary  and  Philosophical  Society  of  Manchester,"  vol.  v..  Second 
Series,  p.  252,  that,  "  On  the  descent  of  the  hill,  and  probably  about  the 
foot  of  it,  the  heaviest  rain  will  fall."  In  the  "  Observations  made  at  the 
Magnetical  and  Meteorological  Observatory  of  St.  Helena,"  before  alluded 
to,  it  is  stated  at  p.  102  of  the  index:— "In  1841,  Captain  Lefroy,  then 
director  of  the  observatory  at  St.  Helena,  established  rain  gauges  at  three 
other  points  of  the  island,  for  the  purpose  of  ascertaining  a  comparative 
estimate  of  the  quantity  of  rain.  The  stations  were — 1.  Near  the  highest 
pinnacle  of  the  island,  on  a  very  narrow  ridge  or  rock  ;  2.  lower  down  on 
the  same  ridge  ef hills;  3.  Longwood  observatory;  4.  James  Valley.  The 
three  first  stations  miglit  be  comprehended  in  a  circle  of  one  mile  radius, 
and  the  fourth  is  but  little  more  distant.  The  quantities  of  rain  received 
at  these  stations,  during  nine  months  of  1841,  weie  as  follows  : — 

1.  At  2644  feet  of  elevation,     22'63     inches. 

2.  At  1991  „  2711         „ 

3.  At  1782  „  43-42         „ 

4.  At     414  „  7  63         „ 

This  table  shows  that  at  1782  feet  elevation,  much  morerain  fell  in  a  given 
lime  than  at  the  liighcr  elevation  of  1991  feet.  The  reason  why  so  small 
a  quantity  as  7"63  inches  only  was  recorded  in  the  same  time  at  414  feet 
elevation,  is  not  very  apparent ;  but  it  would  probably  be  found,  upon  ex- 
amination, that  this  result  is  due  to  some  local  circumstance  in  the  position 
of  the  gauge,  and  not  toils  elevation — a  conclusion  to  which  I  am  led  by 
an  examination  of  the  localities,  compared  with  the  quantities  of  rain  col- 
•  cted  in  Mr.  Miller's  experiments. 

In  a  Report  which  I  have  recently  published,  "  On  the  Supply  of 
Surplus  Water  to  Manchester,  Salford,  and  Stockport,"  p.  70,  I  have 
shown  that,  duiing  the  past  year  of  1847,  I  had  four  rain  gauges  fixed, 
one  at  the  bottom  of  Todd's  Brook  Valley,  situated  in  Cheshire,  near 
AVhaley,  620  feet  above  the  level  of  the  sea  ;  another  at  Brinks,  the  top  of 
the  hill  bordering  this  valley,  1,500  feet  above  the  level  of  the  sea,  and 
that  38-39  inches  in  depth  was  received  at  the  bottom  of  the  hill,  and  only 
29'5  inches  at  the  lop  of  the  bill.  A  third  gauge  was  fixed  at  the  bottom 
of  the  Comb's  Brook  Valley,  situated  in  Derbyshire,  near  Chapel-en-le- 
Frith,  720  feet  above  the  level  of  the  sea,  and  that  5130  inches  in  depth 
was  caught  at  the  bottom  of  the  hill,  and  only  35'85  inches  at  the  top  of 
the  hill. 

Since  the  report  just  referred  to  was  published,  I  have  been  favoured 
by  Thomas  Hawksley,  Esq.,  C.  E.,  with  the  results  of  some  important  un- 
published experiments  made  by  him  for  the  Corporation  of  Liverpool,  on 
the  amount  of  the  fall  of  rain  at  Rivington,  and  in  the  Valley  of  Roddies- 
worth,  near  Preston,  in  Lancashire.  Six  rain  gauges,  placed  near  the 
ground,  were  fixed  in  these  localities  at  the  beginning  of  January,  1847, 
three  at  Rivington,  and  three  in  the  Valley   of  Roddlesworth. 

The  quantities  falling  per  month  are  shown  in  the  following  table,  and 
also  the  monthly  fall  for  January,  February,  and  March,  1848,  all  of  which 
results  prove  the  same  general  fact,  that  more  rain  falls  at  the  bottom  than 
the  to    of  the  hills  in  the  same  localities. 


Table. — Showinr/   the   cjunn/ilies  of  ram  fallen  per  month  in  three  rain 
ffauffn,  fijctd  near  the  (/round,  in  the  district  of  llivinijton,  and  in  the 
Roildleswurlh  Valley,  Lancashire,  during  the  year  1847  and  three  months 
of  1848,  with  their  respectiee  heights  above  the  level  of  the  sea. 
Rivington  District 

a"3         Sir  s  ^      0 

2|,-       t%        .  -;      I      s      I      I 

til  1^  it^i^l^illi 

lH-17. 
No.    ft.  ins,  ins.     ins,     ins,     ins.     Ins.     ins.     Ins.     ins.     ins.     ins.    ins. 

1.— 410  ii;0  1-47    2-6'J    C-22    4-22     1-,TO    2-91     6-28    5-69    i-07    7-38    48-83 


6-36  1-22    2"5    CyWJ    420     1-26    2-.12    5K3    6-a7    4-.S5    (i-«,-!    46-48 

5-51  1-25    2-69    604    379     I'll     2-/8    hM    5-27    475    7-18    45-96 


2.— 710 
3,-750 

1848. 

1.— 410  3-13    7-fl3      3-81 14-78 

2,-710  2-89    7-m      3-91 14-66 

3,-750  2-88    8-UO     3-77 14-65 

1847.  Roddleswonh  Valljy. 

4.— S.M  6-42  1-33    231     6  69     4-.'i2     105     3-72    5-86    6-25    5  53    "-54    60-22 

5.-700  6-79  1-35     272    630    4  93     120    3-U5    7-10    7-09    655    912    57-10 

6—900  6-46  1-28    2-80    6-59    4  43    1-60    3-21     6-60    6-.39    5-99    7-28    52-53 

1848. 

4.-6,50  270    8-fil      .■i-C4 14-95 

5.— 700  3-19  10-25     4-26 17-70 

6,-900  2-90    8-36     321 14-47 

The  gauge  at  the  lowest  elevation  in  the  Rivington  district  (410  feet) 
received  48-83  inches  of  rain  during  the  year  1847  ;  the  gauge  at  710  feet 
elevation  4G-48  inches  during  the  same  time;  and  the  gauge  at  750  feet,  the 
highest  elevation,  only  45-96  inches. 

The  gauge  at  the  lowest  elevation  in  the  Roddlesworth  locality  (550  feet) 
received  50-22  inches  of  rain  during  the  year  1847  ;  the  gauge  at  700  feet 
elevation  57-10  inches  during  the  same  time  ;  and  the  gauge  at  900  feet,  the 
highest  elevation,  52-53  inches.  Here  it  will  be  observed,  that  the  gauge  at 
900  feet  elevation  received,  as  before,  a  considerable  less  amount  of  raia 
than  the  gauge  at  the  lower  elevation  of  700  feet,  but  that  the  gauge  at  the 
lowest  elevation  of  550  feet  forms  an  exception,  as  this  gauge  received  abou 
2 J  inches  less  in  depth  during  the  same  time  than  the  gauge  at  900  feet  elet 
vation,  and  nearly  7  inches  less  than  the  gauge  at  700  feet  elevation. 

A  personal  knowledge  of  this  locality,  or  a  glance  at  the  map,  may  serve 
to  explain  this  departure  from  the  general  rule  observed,  for  this  gauge  is 
placed  at  the  bottom  of  a  steep  valley,  bordered  to  the  west  by  very  pre- 
cipitous and  high  land,  and  it  is  in  this  manner  sheltered,  to  a  considerable 
extent,  from  the  prevailing  rainy  winds. 

Two  rain  gauges  which  I  have  caused  to  be  fixed,  one  in  the  neiehbour- 
hood  of  the  Bosley  Reservoir,  situated  near  Congleton,  Cheshire,  590  feet 
above  the  level  of  the  sea,  and  the  other  at  Bosley  Minns,  1,265  feet  above 
the  level  of  the  sea,  in  the  same  locality,  show  that,  during  the  first,  four 
months,  January,  February,  March  and  April  of  the  present  year,  11-75 
inches  fell  on  the  bottom  of  the  hill,  and  only  11-65  inches  on  the  top  of 
the  hill. 

The  amount  of  rain  received  in  the  rain  gauge  placed  near  the  bottom  of 
a  hill  at  Todd's  Brook,  (before  referred  to,)  during  this  period,  was  13-03 
inches  in  depth,  and  at  Brinks,  the  top  of  the  same  hill,  only  11-51  inches. 

The  amount  received  in  this  time  at  Comb's  gauge  at  the  bottom  of  the 
hill,  was  19-70  inches,  and  in  the  gauge  at  the  top  of  the  hill  only  10-45 
inches,  as  shown  in  the  monthly  report  of  the  observations  made  with  all 
these  gauges  which  are  given  in  the  following  table : — 

Table  showing  the  quantities  of  rain  fallen  per  month  in  certain  funnel  rain 
gauges,  9  inches  diameter,  and  placed  2  feet  6  inches  above  the  surface  of 
the  ground,  at  Todd's  Brook,  near  Whaley,  Cheshire  ;  at  Comb's  Brook, 
near  Chapel- en-le-Frith,  Derbyshire  ;  and  Bosley,  near  Congleton,  Cheshire, 
with  their  respective  heights  above  the  level  of  the  sea. 

Situation  and  heiglit  above  the  level  of  the  sea.  Jan.  Feb.  March.  April.  Totals. 

Z  Ins.  Ins.  Ins.  Ins.  Ins. 

Todd's  Brook,  Brinlis,  top  of  liill,  1.500  feet,  1-75  6-49  2  22  2-05  11-51 

Todd's  Bioolt  Reservoir  bottom  of  bill,  620feet,  1-76  560  321  2-46  13-03 

Comb's  Ridge,  top  of  hill,  1,«70  feet,  ..  1-86  486  2-;i9  1-64  111-45 

Comb's  Reservoir,  bottom  of  hill,  720  feet*    ..  2  60  920  4  60  3-30  19-70 

BosleyMlnns,  top  of  hill,  1,266  feet,  ..  1-90  4-/5  2-75  2-25  11-65 

Bosley  Reservoir,  bottom  of  hill,  590  feet,      ,.  2-38  4-21  3-29  1-S7  11-75 

A  knowledge  of  the  facts  before  mentioned  induced  me  to  examine  Mr. 
Miller's  experiments  soon  after  receiving  them,  with  a  view  to  ascertain  how 
far  they  confirmed  or  were  in  opposition  to  the  recorded  observations  and 
facts  stated  by  the  many  eminent  meteorological  authorities  before  quoted, 
for  which  purpose  I  procured  the  best  map  of  the  lake  district  I  could  ob- 
tain, and  marked  upon  it  the  situation  of  Mr.  Miller's  rain  gauges,  and  then 
compared  together  the  results  obtained  by  the  rain  gauges  placed  in  the 
valleys  or  the  bottom  of  the  bills  with  the  rain  gauges  placed  upon  the  tops 
of  the  same  hills  or  bordering  the  same  valleys.  By  proceeding  with  refe- 
rence to  locality  in  this  manner,  it  soon  became  apparent  that  the  valuable 
and  interesting  facts  collected  and  recorded  by  Mr.  Miller,  with  very  few 
exceptions,  which  it  appears  to  me  may  be  easily  accounted  for,  agreed  with 
the  observations  of  other  meteorological  writers.  Indeed,  this  could  not  fail 
to  be  the  case,  unless  the  generally  received  and  admitted  theory  of  the 
formation  and  distribution  of  rain,  as  laid  down  by  Dr.  Dalton,  was  also 
disproved. 

*  The  gauge  at  Comb's  Reservoir  is  a  cylindrical  gaupe,  7  inches  diameter,  and  13 
inches  above  the  level  of  the  ground,  and  has  a  float  and  staff  to  indicate  the  amount  of 
rain  falling  :  this  gauge  probably  shows  an  excess  of  the  amount  of  rain. 
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Upon  examining  Mr.  Miller's  facis,  it  will  be  found,  from  April  to  Decem- 
ber, 1846,  both  inclusive,  that  at  Whitehaven,  90  feet  above  the  level  of  the 
sea,  38-063  inches  fell ;  while  at  Round  Close,  480  feet  above  the  sea,  and 
not  far  distant,  only  36-195  inches  fell  in  the  same  time;  and  during  1847, 
that  4'2-92  inches  are  recorded  to  have  fallen  at  Whitehaven,  and  only 
42-023  at  Round  Close. 

On  examining  with  reference  to  locality  in  a  similar  manner  the  rain 
gauges  placed  in  the  Valley  of  Borrowdale,  or  Derwent  Water,  in  which  vale 
the  quantity  of  water  received  by  four  rain  gauges  at  ilifferent  altitudes  are 
recorded  by  Mr.  Miller,  namely,  one  at  Seathwaile,  242  feet  above  the  sea  ; 
one  at  Sty  Head,  1,290  feet  high;  one  at  Seatoller,  1,334  feet  high;  and 
one  at  Sparkling  Tarn,  1,90G,  feet  liigh  ;  it  will  be  found,  as  shown  in  the 
following  table,  which  I  have  drawn  up  from  a  careful  analysis  of  Mr. 
Miller's  experiments  as  communicated  to  me  by  himself,  taking  the  longest 
period  during  which  he  has  registered  experiments  at  each  of  the  localities, 
that  from  June  1846,  to  November  1847  inclusive,  193  69  inches  fell  at  a 
level  of  242  feet  above  the  sea;  at  the  greater  elevation  of  1,290  feet  a  less 
quantity,  or  164-12  inches,  fell ;  at  the  greater  elevation  still  of  1,334  feet, 
a  yet  smaller  quantity,  or  155-75  inches.  The  last  example,  however,  at  an 
elevation  of  1,906  feet,  shows  that  183-47  inches  fell  in  the  same  time, 
being,  in  this  instance,  less  by  10  inches  than  the  quantity  which  fell  at  the 
elevation  of  242  feet,  but  much  more  than  the  quantities  which  fell  at  the 
elevations  of  1,290  and  1,334  feet.  This  last  fact  I  think  may  be  accounted 
for  by  reference  to  the  peculiar  position  of  Sparkling  Tarn  (the  mountain  on 
which  this  last  gauge  is  fixed).  Tliis  mountain  is  only  1,906  feet  high,  but 
is  in  the  immediate  vicinity,  that  is  within  a  mile  and  a  quarter  to  a  mile 
and  a  half  of  the  mountains  Scawfell  Pike  and  Bowfell  to  the  south,  and 
within  a  mile  and  a  quarter  of  Great  Gavel  to  the  north.  These  mountains 
vary  from  2,900  to  3,166  feet  in  height,  the  lowest  of  them  being  upwards 
of  1,000  feet  higher  than  Sparkling  Tarn,  while  Spai-kling  Tarn  is  fully  ex- 
posed to  the  westerly  winds ;  and  the  clouds  being  carried  inland  by  this 
wind,  between  the  gorge  formed  by  these  high  mountains,  it  may  be  easily 
conceived  that  a  large  portion  of  rain  in  the  transit  of  the  clouds  would  be 
deposited  on  the  top  of  Sparkling  Tarn ;  so  that  the  large  amount  of  rain 
falling  at  this  altitude  in  this  locality  would  appear  to  be  the  exception  and 
not  the  rule. 

Table. — Borrowdale,  or  Dertoent  Water. 


Months. 

Seathivaite, 

Sly  Head 

Se.iloller, 

Sparkling  Tarn 

242  feet. 

1,2'JO  feet. 

1,334  feet. 

1,90(1  feet. 

1846, 

Ins. 

Ins. 

Ins. 

Ins. 

June, 

6-42 

6  26 

5-70 

6-63 

July. 

20-80 

17-76 

18-35 

22-72 

August, 

10-58 

1103 

8-15 

12-03 

September,   ,. 

4-60 

4-22 

3-75 

6-06 

October, 

15-43 

16-35 

17-42 

20-35 

November,    , , ' 

December,     . . 

1847. 

January, 

•         41-06 

32-52 

27-51 

31-82 

February, 

March,           .. 

April, 

»Iay, 

8-08 

7-56 

7-13 

7-59 

June, 

7-27 

7-12 

S-7I 

8-13 

July. 

3-32 

3-66 

2-50 

4-15 

Auftust, 

10-4S 

10-22 

10-38 

12-00 

September,  .. 

13-28 

10-92 

1206 

1-2-43 

October, 

20-52 

17-.50 

19-02 

180 

November,    ,. 

21-85 

SO-00 

18  07 

22-64 

December,    . , 

Totals, 

193-69 

104-12 

155-75 

183-47 

Dr.  Dalton,  Professor  Daniell,  Captain  Lefroy,  and  the  other  authorities 
quoted  in  this  paper,  confirmed  as  the  observations  and  recorded  experi- 
ments of  these  last-named  gentlemen  are  shown  to  be  by  the  more  recent 
experiments  herein  detailed. 


In  the  valley  of  Wast  Water,  the  amount  of  rain  falling  at  Wastdale,  166 
feet  above  the  level  of  the  sea,  from  March  1846,  to  November  1847,  both 
inclusive,  is  shown  to  be  170-55  inches;  and  at  Scawfell  Pike, which  borders 
this  valley  to  the  east,  3,166  feet  high,  only  128-15  inches  fell  in  the  same 
time.  In  the  valley  of  Ennerdale,  at  Gillerthw-aite,  2S6  feet  above  the  sea, 
133-86  inches  fell ;  while  at  Great  Gavel,  2,925  feet  high,  during  the  same 
time,  only  12468  inches  fell. 

All  the  valuable  facts  here  alluded  to,  supplied  by  Mr.  Miller  with  one 
exception  only,  prove  that  the  greatest  amount  of  rain  falls  in  the  same 
localities  at  or  near  the  base  of  a  bill,  and  not  at  so  great  an  altitude  as 
2,000  feet  above  the  sea ;  and  the  one  exception,  namely,  that  at  Sparkling 
Tarn,  1,906  feet  high,  shows  that  from  June  1846,  to  November  1847  (both 
inclusive),  183-47  inches  fell;  while  at  Seathwaite,  the  bottom  of  the  valley, 
bounded  by  Sparkling  Tarn,  during  the  same  time,  as  much  as  193-69  inches 
fell,  or  10  inches  more  at  the  lower  than  at  the  higher  locality,  thus  con- 
firming the  conclusion  arrived  at  by  my  observations,  which  also  fully  accord 
with  the  meteorological  authorities  I  have  quoted. 

As  the  amount  or  depth  of  rain  falling  in  a  given  time  in  Great  Britain, 
in  different  localities  and  under  different  circumstances,  is  a  matter  of  very 
great  practical  importance  to  civil  engineers  generally,  and  especially  to 
those  engaged  in  designing  works  to  supply  large  towns  with  water,  to 
regulate  the  flow  of  rivers,  or  to  drain  large  tracts  of  land,  independent  of 
their  importance  in  a  philosophical  point  of  view,  I  have  been  unwilling  to 
allow  the  valuable  facts  collected  by  Mr.  Miller,  with  such  perseverance  and 
industry,  to  pass  without  a  few  comments,  which,  as  it  appears  to  me,  may 
tend  to  make  them  more  generally  useful,  by  explaining  their  supposed 
discrepancy  with  the  generally  received  views,  of  such  accurate  observers  as 


NOTES  OF  THE   MONTH. 

New  Steam  or  Ilydratdic  Wheel. — At  a  meeting  of  the  Royal  Cornwall 
Polytechnic  Society,  an  invention  by  Mr.  James  Sims,  of  Redruth,  was  ex- 
plained, the  object  of  which  was  to  carry  out  simplicity  and  portability  to  a 
greater  extent  than  had  hitherto  been  effected  in  such  engines.  It  was 
intended  to  be  worked  either  by  steam  or  watei--poner.  As  a  steam-wheel 
or  rotary  engine,  he  conceived  it  surpassed  all  former  attempts  at  this 
principle,  as  the  motive  poner  is  in  the  piston  and  cylinder  of  the  ordinary 
construction  of  Boulton  and  Watt's  engines,  and  the  expansive  principle  of 
cutting  off  the  steam  is  carried  to  a  greater  extent  than  in  those  engines — 
the  motion  of  the  piston  being  independent  of  the  motion  of  the  wheel,  and 
almost  instantaneous.  In  all  the  rotary  or  steam-wheels  hitherto  before  the 
public,  he  was  not  aware  tl-.at  any  of  the  inventors  had  availed  themselvet 
of  the  benefit  of  working  with  the  ordinary  cylinder  and  piston  ;  they  have, 
therefore,  failed  to  carry  out  the  expansive  principle,  and  also  to  prevent 
the  leakage  of  steam.  In  some,  packing  has  been  attempted,  but  here  the 
friction  is  so  great,  and  the  wear  so  rapid,  that  not  one  on  this  plan  hai 
succeeded  well.  In  this  engine,  on  the  revolution  of  the  wheel,  when  the 
cylinder  comes  to  a  perpendicular  position,  the  steam  is  admitted  under- 
neath the  piston,  at  the  same  time  it  escapes  from  the  top  side,  thereby 
shifting  the  w-eiglit  to  the  top  of  the  wheel,  and  causing  it  to  revolve  by  its 
preponderance,  the  power  of  the  engine  being  the  amount  of  weight  moved 
a  certain  number  of  feet  in  a  given  time.  Regularity  of  motion  being  essen- 
tial, it  might  be  accomplished  by  a  good  governor.  The  blow  against  the 
buffers  is  in  proportion  to  the  extra  quantity  of  steam  admitted,  and  is  on 
the  same  principle  as  the  ordinary  reciprocating  or  pumping  engine.  As  an 
hydraulic  engine,  it  is  well  adapted  for  situations  where  a  good  height  of 
water  can  be  obtained,  but  not  sufficient  for  the  ordinary  water-wheels. 
The  water  might  be  conveyed  in  pipes,  when  a  very  small  stream  could  bt 
made  available  to  an  extent  in  proportion  to  its  height  and  quantity.  It 
would  be  admitted  into  the  cylintler  in  the  same  way  as  steam,  thereby  shifting 
the  weights,  and  making  a  very  effective  and  economical  water-wheel,  as 
every  pound  of  water  would  he  used.  The  velocity  of  the  wheel  would  be 
much  superior  to  the  ordinary  water-wheel,  being  in  proportion  to  the  height 
and  consequent  pressure,  and  the  quantity  of  water  to  be  obtained.  So  also 
its  velocity  as  a  steam-wheel  would  depend  on  the  pressure  of  steam,  ad- 
mitting the  shifting  of  weights,  however  quick  the  passing  of  the  aperture 
for  the  admission  of  tlie  steam.  The  engine  was  at  present  in  its  infancy, 
and  although  it  worked  well,  there  was,  no  doubt,  room  for  further  im- 
provement. The  principle  being  good,  as  regards  the  application  of  steam 
and  water-power,  and  its  economy  and  portability  being  conspicuous,  it 
should  not  be  lost  sight  of;  he  should,  therefore,  proceed  with  his  experi- 
ments, and  hoped  at  the  next  meeting  to  report  more  fully  of  its  advantages. 
Its  application  may  be  general,  and  he  thought  more  advantageous  than 
almost  any  other  engine,  as  in  the  absence  of  the  crank,  each  end  of  the 
shaft  is  at  liberty  for  any  attachment.  The  small  amount  of  friction, 
consequent  on  its  simplicity,  is  seen  at  once,  as,is  also  the  small  amount 
of  liability  to  derangement. 

The  Conway  Tul/ular  Bridge. — The  second  great  tube  of  the  bridge  over 
the  Conway  Straits  was  floated  on  the  pontoons  to  the  piers,  on  the  12th 
ult.  The  operation,  combined  with  the  stupendous  machinery  employed 
in  the  process,  attracted  large  crowds  from  Conway  and  other  parts  of  the 
principality.  Everything  favoured  the  lifting  of  the  leviathan  structure. 
At  precisely  9  o'clock,  or  50  minutes  before  high  water.  Captain  Claxton, 
R.N.,  gave  the  signal  to  pipe  all  hands,  and  almost  immediately  the  tremen- 
dous freight  was  seen  creeping  stealthily  to  its  destination.  Next  him  was 
Mr.  R.  Stephenson,  M.P.,  the  celebrated  engineer,  and  designer  of  this 
new  feature  in  engineering  art  ;  Mi-.  E.  Clarke,  C.  E.,  bis  head  assistant ; 
Mr.  A.  M.  Ross,  C.  E. ;  Mr.  W.  Evans,  the  contractor;  Mr.  F.  Forster,  C.  E. ; 
and  Mr.  Amos,  of  the  firm  of  Easton  and  Amos,  who  constructed  the  lifting 
machinery ;  and  near  it  Sir  C.  Smith,  Bart. ;  Bishop  of  Bangor,  Rev.  Mr. 
Morgan,  Mr.  J.  0.  Burger,  and  a  number  of  the  gentry.  The  tube  was 
lifted  the  height  of  2  feet  in  about  60  minutes,  and  with  its  weight  of  1,300 
tons  was  got  safely  home  at  a  few  minutes  past  10,  amidst  enthusiastic 
bursts  from  the  bystanders,  and  a  salvo  of  artillery  from  the  castle  walls. 
The  entire  operation  was  effected  without  the  slightest  accident. 

Opening  of  the  Shrewsbury  and  Chester  Railway. — This  line  of  railway, 
which  is  41  miles  in  extent,  was  opened  throughout  on  Thursday,  12th  ult. 
The  present  line  is  an  amalgamation  of  the  North  Wales  Mineral,  and  the 
Shrewsbury,  Oswestry,  and  Chester  Junction  Railways  ;  15  miles  of  the  line — 
namely,  from  Chester  to  Ruabon,  have  been  opened  for  nearly  two  years, 
and  the  receipts  during  that  time  have  been  about  JE40  per  mile  per  week. 
The  cost  of  the  entire  line  has  been  about  £17,000  per  mile,  and  the  work- 
ing stock  will  be  about  £4,000  per  mile  more.  The  trafllc  on  the  line  is 
chiefly  mineral.  In  honour  of  the  opening,  the  occasion  was  observed  as  a 
general  hohday  along  the  line,  and  several  trains  ran  both  ways,  conveying 
the  inhabitants  gratis. 
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Ice. — The  intrinsic  value  of  ice,  iilte  that  of  metals,  depends  on  the 
investigation  of  an  assajer.  Tiiat  is  to  say,  a  cubic  foot  of  Lovper 
Canada  ice,  is  inlinilely  more  cold  than  a  cubic  foot  of  Upper  Canada 
ice,  which  contains  more  cold  than  a  cubic  foot  of  Wenhani  ice, 
■which  contains  infinitely  more  cold  than  a  cubic  foot  of  En>;lish  ice;  and 
thus,  although  each  of  those  four  cubic  feet  of  ice  has  precisely  the  same 
shape,  tliey  each,  as  summer  approaches,  diminish  in  value— that  is  to  say, 
Ihey  each  gradually  lose  a  portion  of  their  cold,  until,  Ion';  before  the 
Lower  Canada  ice  has  melted,  llw  rnglish  ice  has  been  converted  into 
lukewarm  water. —  Chambers'  Edinliurgk  Joui-nnl. 

An  I'.xpjrimi'ntal  Vessel. — There  is  now  lo;tding  in  the  North  Docks, 
Sunderland,  an  experimental  vessel,  named  the  Mary  Caroline,  built  by 
Mr.  Siddon,  of  Rochester,  who  is  also  the  owner.  She  has  no  keel,  but  is 
flat  boitoriud,  and  built  in  the  barge  style.  Neither  is  she  caulked— the 
seams  are  Imed  w  ith  fill.  She  is  22J  tons  register,  and  carries  4,000  yards 
of  canvas  when  in  full  sail  ;  and  when  full  laden  with  20  keels  of  coals, 
she  draws  only  0^  feet  of  water.  She  is  intended  for  the  French  trade. 
f)n  the  run  down,  with  a  N.N.W.  wind,  she  outstripped  40  colliers. — 
Durham  Aiheriiscr. 

Railway  in  Spain.— An  experimental  trip  was  made  on  the  8th  of 
October,  on  the  railway  from  Barcelona  to  ftlalaro,  by  the  directors  and 
their  friends.  The  journey  from  liarcelona  to  Mataro  was  made  in  an 
Lour,  exclusive  of  stoppages,  and  the  journey  back  in  50  minutes— the 
distance  is  live  leagues.  The  BarceUmes  are  very  proud  of  Catalonia  being 
the  first  in  Spain  to  possess  a  railway.  The  line  was  to  be  opened  to  the 
public  on  the  15th. 

The  Railway  Interest.— \s  there  appears  to  be  a  good  deal  of  misap- 
prehension and  misstatement  aOoat  with  reference  to  the  object  of  the 
nieetjngs  of  the  three  great  railway  companies,  and  their  consequent  nego- 
ciations,  we  have  endeavoured  to  ascertain  the  real  facts,  and  we  have 
reason  to  believe  that  they  are  as  follows:— The  distinct  object  of  the  con- 
ference is  not  to  increase  fares  or  arrange  trains,  but  it  is  for  effecting  a 
complete  union  of  capital  of  the  three  great  companies— ihe  North- 
Wesiern,  the  South  M'esteru,  and  the  Great  M'estern,  and  tlie  conversion 
of  the  three  into  one  great  company,  under  one  controlling  body,  leaving 
the  working  details  with  the  respective  boards.  The  delegates  consist  of 
five  oirectors  from  each  company,  headed  by  their  respective  chairmen. 
Ihey  have  generally  met  twice  a  week  at  Mr.  Glyn's  house,  adjoining  the 
bank.  W  e  understand  that  some  general  principles  of  union  have  been 
atfirmed,  and  the  details  left  to  the  consideration  of  the  solicitors  of  the 
respective  companies,  who  will  have  to  consider  of  the  proper  notices  to 
Parliamenl ;  for,  of  course,  nothing  can  be  done  without  the  consent  of 
the  proprietors  of  all  the  companies  and  legislative  sanction.  We 
have  heard  that  some  obstacles  have  arisen  from  (he  discussion  introduced 

by  that  vexrd  question— the  broad  gauge  and   narrow   gauge   interests 

but  more  parlicidaily  from  the  difiiculty  of  ascertaining  the  relative  values 
of  Ihe  gnat  interests  which  it  is  proposed  should  be  united.  We  have, 
liowever  good  reason  to  hope  that  these  difficulties  will  be  surmounted.— 
Morning:  Chronicle. 

Clahanised  Wire  anil  Hemp  Ropes.— Aa  experiment  was  lately  tried  in 
VI  oulwiih  Dockyard,  to  ascertain  Ihe  comparative  strength  of  wire  and 
bemp  ropes.  A  wire  rope,  3  inches  round,  and  a  hemp  rope  of  three 
strands,  hawser  laid,  common  make,  7  inches  round,  were  spliced  together, 
and  placed  in  the  testing  machine,  and  on  the  liydraulic  power  being  ap- 
plied, the  hemp  rope  broke  in  the  middle  on  the  strain  reaching  1  If  tons, 
the  wire  rope  remaining  apparently  as  strong  as  when  the  experiment  com- 
menced A  wire  rope,  35  inches  round,  was  then  spliced  with  an  8inch 
hemp  shroud  rope,  and  on  Ihe  power  being  applied  the  hemp  rope  broke 
in  Ihe  middle,  with  a  strain  of  lOJ  tons,  the  wire  rope  continniug  appa- 
rently uninjured. 

Steam  I'ower  of  /■j-awce.— According  to  a  late  statistical  report,  made 
to  the  government,  Ihe  number  of  locomotive  engines  constructed  in 
France,  and  employed  by  the  country  in  1842,  equalled  the  number  im- 
ported (rom  abriiad  ;  in  1843,  there  were  two  moie  French  than  forei-'n 
engines;  in  1844,  the  surplus  was  44;  in  IS45,  76;  in  184G,  beyond 
which  year  the  report  did  not  go,  this  excess  was  101.  In  1846,  there 
were  294  steamboats,  belonging  to  private  individuals  and  companies 
Davigating  Ihe  rivers  and  seas.  The  numbers  and  force  of  the  engines  in 
use  on  land,  and  acting  as  locomotives  in  the  steamers,  were,  in  1846,  as 
follows— viz.  :  4,395  engines  at  work  on  land,  equalling  163,402-hoise 
power  ;  401  locomotives,  of  60-horse  power  each,  upon  the  average 
amounting  to  27,600-horEe-power  ;  338  engines  used  in  steam-ships  and 
boais,  amounting  lo  108,513horse  power.  These,  together,  give  a  force 
of  299,51.5  horse  power.  Comparing  the  strength  of  man  to  horse-power, 
It  will  be  found  that  Ihe  steam-engines  employed  in  France  in  1846  were 
sulisiitule-  for  2,097,625  men. 

Veijetable  Wax.—Vi.  Jules  Rossignon  submitted  to  the  Academy  of 
Sciences  a  specimen  of  vegetable  wax,  extracted  from  the  berries  of  a  com- 
mon laurel  grown  on  the  mountains  of  Vera-Paz,  in  the  Republic  of  Guati- 
mala.  The  analysis  of  this  wax  gave,  Carbon,  76'29  ;  Hidrogen,  15-08; 
Ux,gcn,  863.  It  IS  of  a  green  colour,  and  exhales  a  slightly  aromatic 
odour  when  ruhhed  or  melted.  The  candles  which  have  been  made  with 
this  wax  give  a  beautifully  clear  light,  and  difl'use  a  pleasant  aromatic  odour, 
the  laurel  whose  berries  furnish  this  wax,  has  the  character  and  leafage  of 
J^amu^  nubihs ;  it  forms  numerous  thick  forests  in  the  mountains  of  Vera- 
raz.  that  IS,  throughout  the  whole  of  that  part  of  the  Guatimalian  teriitory 
Which  commences  at  Rio  Polochis,  and  spreads  to  the  limits  of  Yuctan. 


Geological  Discovery. — A  correspondent  of  the  Fi/e  Herald  states  that 
"  a  section  of  limestone  rock  has  been  lalely  laid  open  by  the  cutting  of 
the  Edinburgh  and  Northern  Railway,  at  the  Newburgh  station,  which 
belongs  to  the  cornstone  of  the  old  red  sandstone  formation.  The  face 
exposed  is  about  100  feet  in  leoglh,  by  upwards  of  20  feet  in  thickness 
and  very  distinctly  stratified.  'I'he  beds  are  broken  near  the  centre,  which 
causes  their  edges  to  slip  down  and  dip  in  opposite  directions,  inclining 
on  one  side  at  an  angle  of  28°  towards  Ihe  north-east,  and  on  the  other 
approaching  to  nearly  a  vertical  position  towards  Ihe  north-west.  M'hat 
adds  lo  Ihe  geohigiial  importance  of  the  discovery,  is  Ihe  fact  that  the  grey 
sandstone,  or  Carmylie  fossilliferous  pavement  slone,  is  found  in  the 
immediate  vicinity  of  the  calcareous  deposit.  The  representative  of  the 
Cornstone  in  England,  it  is  well  known,  is  extremely  rich  in  fossils,  par- 
ticularly of  the  genus  cephnlaspis.  while  not  a  fragment  has  as  jet  been 
detected  in  any  of  its  numerous  localities  in  Scotland.  The  colour  of  the 
liineslone  is  that  of  a  dark  flinty  grey,  with  innumerable  white  thread- 
like veins  of  carbonate  of  lime,  bo:h  vertical  and  longitudinal,  and  which 
cause  the  rock  to  split  up  into  thin  bands  of  larger  and  smaller  rhomboidal 
masses.  The  deposit  is  subcrystalline,  of  an  extremely  hard  and  cherty 
texture  ;  it  is  not  nodular  or  compound,  as  in  so  many  other  places,  but  of 
a  close,  uniform,  homogeneous  structure." 


LIST    OF    ^SEW    PATENTS. 

GRANTED    IN  ENGLAND    FROM     SEPTEMBER  28,  TO    OCTOBER    26,    1848. 

5(>  Months  allowed  for  Enrolment,  unless  otherwise  e.rpressed. 

Robert  Stirling  Newall,  Gatesliead,  Durh.im,  for  "  Improvements  in  loclts  and  springs 
and  111  tlie  means  of  fastening  and  setting  up  the  rigging  of  ships."— Sealed  .Sept.  2d.       ' 

Andrew  Paton  Hailiday,  Manoliester,  niaiiufacturing  cliemist,  for  "  certain  Improve- 
ments in   tlie  manufacture  of  pyroligneous  acid."— Sept.  28. 

Fennell  Allman.  of  Ctiarles-strfct,  Saint  James's-square,  Westminster,  for  "  certain 
Improvements  m  apparatus  for  ttie  production  of  liglit  from  electricity."— Sept.  28. 

William  Wilkinson  Nicholson,  of  Aclon-strcet,  Gray's  InnToad,  civil  engineer  for 
'  Improvements  in  machinery  for  compressing  wood,  aiid  other  materiale  requiiiug  such 
a  process  "—Se(.t.  L'tf.  ^         6  ou*,** 

Joseph  Gillot  atid  John  Morrison,  Birmingham,  for  "Improvements  in  ornamentine 
cyhudrical  and  other  surfaces  of  wuod  aud  other  material."- Sept.  28. 

Thomas  Metcalf.  High-street,  Camden  Town,  Middlesex,  gentleman,  for  "  Imnrove 
meiits  in  the  construction  of  chairs,  solas,  and  other  articles  of  furniture  for  sittinir  anrt 
reclining  ou."— October  3.  ° 

Edward  John  Massey,  Liverpool,  for  "  Improvements  in  apparatus  for  measuring  the 
speed  of  vessels  ;ind  streams,  and  for  ascertaining  the  depths  of  water."— October  5? 

Joseph  Sharp  Bailey,  Bradford,  York,  spinner,  for  "  certain  Improvements  in  prenar- 
ing,  combing,  and  drawing  wool,  alpaca,  mohair,  and  other  fibrous  materials."— Oclfs. 

John  Wright,  Camberwell,  Surrey,  engineer,  for  "  Improvements  in  generating  steam 
and  evaporating  fluids."— Oct.  12.  " 

Charles  de  Bergue,  of  Arlhur-street,  West,  London,  engineer,  for  "  Improvements  in 
bridges,  girders,  and  beams."— Oct.  12. 

Arthur  Dunn,  of  D  ilston,  chemist,  for  "  Improvements  in  ascertaining  and  indicatinir 
the  temperature  and  pressure  of    uids."— Oct.  12. 

John  Davie  Monies  Stirling,  of  Black  Grange.  N.B.,  Esq.,  for  "  Improvements  in  the 
manufacture  of  iron  and  metallic  compounds."— Oct.  12. 

Elias  Robinson  Haodruck,  of  111,  Regont- street,  London,  and  Bathmoyle-House 
yueen  s  County,  Ireland,  Esq.,  for  "certain  Improvements  in  mechanism  applicable  to 
iinpellmg  and  lucilitaiing  the  propulsion  of  vessels  in  the  water,  which  improvements  are 
applicable  to  locomotive  engines  for  railways,  and  other  similar  purposes." — Oct.  12. 

John  Ashby,  of  Carshalton,  Surrey,  miller,  for  "  certain  Improvements  in  machinerv 
apidicable  to  cleaning  grain  and  dressing  meal."— Oct.  12. 

Daniel  Watney,  of  Wandsworth.  Surrey,  distiller,  and  James  John  Wentworth,  of  the 
same  place,  for  "  Improvements  in  machinery  for  drilling  metals  and  other  substances." 
Oct.   12. 

Samuel  Cunliffe  Lister,  of  Manninghara.  York,  gentleman,  for  "  Improvements  la  pre- 
paring, hackling,  and  combing  wool,  and  other  fibrous  substances  "—Oct.  19. 

Frank  Clarke  Hills,  of  Deplford,  Kent,  manufacturing  chemist,  for  "  Improvements  in 
treating  certsin  salts  and  gasscs,  or  vapours."— Oct.  19. 

Robert  Angus  Smith,  of  Manchester,  tor  "  Improvements  in  the  application  and  pre- 
paration of  coal  tar."— Oct.  19. 

Robert  William  Sievier,  of  Upper  Holloway,  Middlesex,  gentleman,  for  "  Improve^ 
nients  in  the  means  of  warping  and  weaving  plain  and  figured  fabrics."— Oct.  19. 

Joseph  Eugene  Asaert,  of  Lille,  in  the  republic  of  France,  machinist,  for  "  Improved 
meaus  of  obtaining  motive  power." — Oct.  19. 

William  Brown,  of  Cambridge  Heath,  Middlesex,  weaver,  for  "  Improvements  in 
manufacturing  elastic  stoikings  and  other  elastic  bandages  and  fabrics  "—Oct.  26. 

Soren  Hjorth,  of  Jewi7.street,  Aldgate,  for  "certain  Improvements  in  the  use  of 
electro  magnetism,  and  its  application  as  a  motive  power,  and  also  other  improvements 
in  its  application  genera.ly,  to  engines,  ships,  and  railways."— Oct.  26. 

James  Clark,  of  Glastonbury,  Somerset,  manufacturer,  for  "  Improvements  in  the 
manufacture  of  boots,  shoes,  and  clogs."— Oct.  26. 

William  Longmaid,  cf  Beaumont  square,  Middlesex,  gentleman,  for  "  Improvementa 
in  treating  the  oxydes  of  iron,  and  in  obtaining  products  therefrom."- Oct.  26. 

William  Church,  civil  engineer,  and  Thomas  Lewis,  woollen-draper,  both  of  Birming- 
ham, for  "  a  certain  Improvement  or  certain  improvements  in  machinery,  lo  be  employed 
in  making  playing  and  other  cards,  and  also  other  articles  made  wholly,  or  in  part,  of 
piper  or  pasteboard,  part  or  parts  of  which  said  machinery  may  be  applied  to  other  pur- 
poses where  pressure  is  required." — Oct.  2tl. 

Peter  Fairbairn.  of  Leeds.  York,  machine  maker,  for  "  Improvements  in  machinery, 
for  hackling,  carding,  drawing,  roving,  and  spinning  flax,  hemp,  tow,  silk,  and  other 
fibrous  substances." — Oct.  26. 

Jame«  Burrows,  of  Haigh.  near  VVigan,  Lancashire,  engineer  and  drauchtsman,  and 
George  Holcroft,  of  Manchester,  consulting  engineer,  for  "  certain  Improvementa,  in  and 
applicable  to  steam  engines  in  the  machinery  or  apparatus  belonging  thereto,  in  the  con- 
struction and  arrangements  of  boilers,  for  the  generation  of  steam,  and  in  the  furnaces 
and  flues  useil  in  connection  therewith;  parts  ot  whictl  improvements  are  also  spplicablt 
to  other  similar  purposes,"— Oct,  26. 
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THE  CENTRAL  RAILWAY  STATION,  NEWCASTLE- 
UPON-TYNE. 

John  Dobson,  Esq.,  Architect. 
(  With  an  Engraving,  Plate  XIII. J 

Railway  buildings  ought  to  do  much  for  architecture :  beinn; 
quite  a  new  class  of  structures,  erected  for  purposes  unknown 
until  the  present  age,  or,  we  may  say,  the  present  generation, 
they  suggest,  or  ought  to  suggest,  a  character  of  their  own,  and 
fresh  combinations  in  design ;  and  heing  generally  upon  an  extensive 
scale,  they  afford  opportunities  that  have  hitherto  been  of  rare 
occurrence.  They  are,  moreover,  especially  public  works — struc- 
tures constantly  seen  by  thousands  and  tens  of  thousands  of  per- 
sons ;  and  might,  therefore,  do  much  towards  improving  the  taste 
of  the  public.  That  they  have  done  so,  or  have  been  calculated 
to  do  so,  cannot,  we  fear,  be  asserted  of  them  generally.  In  moie 
than  one  instance,  expression  has  been  falsified  or  forfeited  by  the 
adoption  of  some  style  intended  to  he  reminiscent  of  medievalism — 
of  times  whose  spirit  and  whose  institutions  contrast  very  strongly 
with  the  present  railway  age,  in  which  it  is  either  our  good  luck 
or  our  misfortune  to  live.  All  the  various  modes  of  Gothic  are 
very  ill  adapted  to  buildings  totally  diiferent  in  purpose,  and, 
therefore  requiring  to  be  differently  constituted  from  those  in 
which  such  modes  are  exempliiied.  Either  violence — or  what  is 
likely  to  be  thought  such — must  be  done  to  the  style  itself,  by  de- 
viating greatly  from  its  traditional  physiognomy,  or  mediaeval  phy- 
siognomy will  be  in  contradiction  to  modern  purpose.  The  cha- 
racter aimed  at  may  be  well  kept  up  ;  but  in  proportion  that  it  is 
so,  it  will  be  foreign  from  the  express  occasion — for  what  class  of 
medieval  structures  are  there  that  have  aught  in  common  with 
railway  stations  and  termini  ?  Is  it  the  castellated  with  its 
feudal  fortresses  } — or  the  ecclesiastical  with  its  churches  and  con- 
ventual buildings,  its  priories  and  abbeys .'' — or  the  palatial,  or 
the  collegiate,  or  the  domestic?  Is  there  any  one  of  those  styles 
or  classes  which  supplies  what  is  required  for  railway  structures  as 
a  specific  class,  that  ouglit  to  carry  with  tliem  a  distinct  and  appro- 
priate character  of  their  own .''  The  Gothic  style  does  not  readily 
provide  open  external  halls  or  ambulatories,  which,  if  not  indi- 
spensably demanded,  are  higlily  desirable  adjuncts  to  every  prin- 
cipal railway  station  where  there  is  a  great  confluence  of  passen- 
gers. It  is  only  in  the  form  of  the  cloister  that  Gothic  examples 
supply  any  accommodation  of  that  kind ;  and,  besides  that  the 
cloister  or  arcade  was  hardly  ever  made  an  external  feature,  it  is 
one  tliat  carries  with  it  associations  that,  unless  it  were  to  be 
greatly  modified,  rather  unfit  than  at  all  recommend  it. 

The  accompanying  engraving  (Plate  XIII.)  is  a  plan  of  the 
magnificent  Station  that  has  lately  been  constructed  at  Newcastle- 
upon-Tyne  (under  the  direction  of  Mr.  John  Dobson,  architect  of 
Newcastle),  for  the  York,  Newcastle,  and  Berwick  Railway  Com- 
pany. 

It  will  be  in  the  recollection  of  our  readers,  that  at  Newcastle 
the  great  eastern  trunk  line  of  railway  from  London  to  Edin- 
burgh is  intersected  by  a  main  line  of  railway  extending  across 
the  island,  from  sea  to  sea ;  that  is  to  say,  from  Maryport,  on  the 
Irish  Channel,  to  Tynemouth,  on  the  German  Ocean.  The  traffic 
of  this  cross  line  has  lately  been  added  to  that  of  the  original  line 
from  York  to  Berwick,  by  the  leasing  of  the  Newcastle  and  Car- 
lisle, and  Carlisle  and  Maryport  Railways,  to  the  York,  Newcastle, 
and  Berwick  Company ;  and  the  local  traffic  of  the  great  northern 
mining  district  gives  employment  to  branches  from  Newcastle  to 
North  Shields  and  Tynemouth,  to  South  Shields  and  to  Sunder- 
land. Thus,  with  the  despatch  of  the  through  trains,  at  least 
140  arrivals  and  departures  of  passenger  trains  will  take  place 
daily  at  the  central  station;  and  it  is  to  provide  for  this  immense 
accumulation  of  traffic  that  the  present  building  is  required.  It 
will  readily  be  imagined,  therefore,  that  the  sheds  and  erections 
must  necessarily  be  upon  a  scale  of  no  ordinary  magnitude.  In 
the  infancy  of  the  railway  system,  no  one  could  have  ventured  to 
predict  the  extent  to  which  the  inland  traffic  has  increased  ;  and 
we  have,  therefore,  seen  the  great  expense  which  has  been  incurred 
by  the  London  and  North  Western  and  other  railway  companies 
to  obtain  additional  room  for  their  principal  stations,  and  the  great 
sacrifice  of  valuable  property  which  has  in  consequence  taken 
place.  The  York,  Newcastle,  and  Berwick  Railway  Company, 
however,  having  had  the  benefit  of  the  experience  of  later  years, 
have  taken  great  pains  to  select  a  site  where  the  necessary  extent 
of  ground  can  be  obtained,  with  the  most  ready  access  to  the  centre 
of  the  town  ;  and  they  have  been  fortunate  enough  to  find  a  spot 
which,  at  a  very  reasonable  cost,  and  with  the  destruction  of  very 
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few  buildings,  combines  both  these  advantages.  The  manner  in 
which  the  junction  of  the  northern  and  soiithern  with  the  eastern 
and  western  lines  has  been  effected, — and  the  great  works  required 
to  complete  the  union  of  the  whole,  by  means  of  the  high  level 
bridge  over  the  Tyne  viaduct,  through  Newcastle  and  Gateshead, 
from  the  designs  of  Mr.  Robert  Stephenson,  and  under  the  able 
management  of  Mr.  Thomas  Harrison,^form  too  exten>ive  a  sub- 
ject to  be  treated  of  here,  and  will  probably  be  the  object  of  a 
separate  notice. 

The  identity  of  the  central  points  of  the  great  railway  system 
of  this  period  with  the  central  points  of  the  military  occupation  of 
the  country  by  the  Normans,  has  been,  in  many  instances,  strik- 
ingly exemplified  ;  and  in  none  more  so  than  at  York,  Newcastle, 
and  Berwick,  in  each  of  which  towns  the  railway  station  closely 
adjoins  the  Castle.  The  station  at  Newcastle  extends  from  West- 
moreland-place, the  ancient  town-house  of  the  illustrious  family  of 
the  Nevilles,  Earls  of  Westmoreland,  situate  in  Westgate-street  ; 
takes  in  the  site  of  the  convent  and  garden  of  the  Carmelites  or 
AV'hite  Friars,  known  as  tlie  Spital,  for  many  years  occupied  as  the 
Royal  Free  Grammar  Scliool,  the  alma  mater  of  Lord  Stowell,  Lord 
Eldon,  and  Lord  Collingwood  ;  crosses  the  town-wall  and  ditch 
at  West  Spital  Tower,  and  terminates  at  the  Forth,  an  open  piece 
of  ground  formerly  in  the  outslvirts  of  the  town,  and  which  was 
bequeathed  by  some  worthy  of  former  days  to  the  burgesses  of 
Newcastle,  "  to  walk  abroad  and  recreate  themselves,"  a  circum- 
stance which  has  hitherto  prevented  its  being  built  upon. 

The  facade  or  principal  front,  exclusive  of  the  hotel,  is  GOO  feet 
in  length.  The  style  of  the  huilding  is  Roman,  and  the  most 
striking  feature  in  the  design  is  the  portico  in  the  centre,  200 
feet  in  length  by  70  feet  in  width,  flanked  on  each  side  by  an  arcade 
the  same  length,  by  35  feet  in  vvidtli,  allowing  sufficient  room  for 
carriages  to  drive  in  at  the  end  of  each  arcade,  to  turn,  and  go  out 
at  each  end  of  the  projecting  part  of  the  portico.  The  conve- 
nience of  this  plan  in  such  a  climate  as  ours,  allowing  passengers 
and  luggage  to  be  loaded  and  unloaded  under  cover,  will  at  once  be 
apparent :  and  the  grandeur  of  the  effect  produced  by  an  arcade 
and  portico  of  this  length  will  readily  be  comprehended,  even  by 
the  general  reader,  although  no  drawing  will  convey  an  adequate 
idea  of  that  effect. 

Tlie  exterior  front  of  the  portico  is  composed  of  seven  arches, 
each  14  feet  in  width  by  32  feet  in  height,  divided  by  coupled  in- 
sulated Doric  columns,  29  feet  in  height,  elevated  on  a  basement 
of  7i|  feet,  and  supporting  a  broken  entablature  and  attic  of  the 
same  style.  The  arcades  on  each  side  are  formed  of  arches,  of  the 
same  width  as  the  portico,  divided  by  coupled  inserted  columns. 
These  columns,  with  the  key-stones  of  the  arches,  sup])ort  a  con- 
tinued unbroken  entablature,  without  an  attic.  The  ends  of  the 
arcades  terminate  in  front  in  a  niche,  having  coupled  insulated  co- 
lumns on  each  side,  supporting  an  entablature  and  low  attic.  The 
entrance  to  the  end  of  each  arcade  is  by  an  arch  25  feet  in  width, 
and  the  arcades  will  be  covered  with  groined  ceilings  of  stone, 
with  a  circular  light  at  each  intersection. 

Tlie  front  of  the  station-liouse  facing  the  platform  is  concave, 
forming  the  segment  of  a  circle  of  800  feet  radius.  This  form  was 
rendered  necessary  by  the  junction  of  the  various  lines  of  railway 
at  this  point ;  and  the  elevation  is  of  rubble  stone,  from  Prudham 
Quarry,  of  a  plain  and  bold  Roman  eliflracter,  the  doors  and  win- 
dows having  arched  heads,  with  moulded  imposts  and  archivolts  ;  . 
and  the  long-continued  line  of  these  circular  arches,  with  their 
deep  reveals,  produces  a  striking  effect. 

The  shed  is  236  yards  long,  and  61  yards  wide,  covering  an  area 
of  14,426  yards,  or  about  three  acres.  The  roof  is  composed  of 
iron,  divided  into  three  compartments,  and  supported  by  columns 
33  feet  apart,  and  23  feet  high  from  the  platform  to  tlie  springing 
of  the  roof.  The  various  offices,  waiting-rooms,  and  refreshment- 
rooms  front  tlie  platform,  with  the  exception  of  the  booking- 
office  and  parcels-offices,  which  extend  the  full  width  of  the 
building. 

The  entrance  to  the  shed  is,  from  the  centre  of  the  portico,  40 
feet  wide,  with  a  stone  vaulted  ceiling,  supported  by  two  rows  of 
columns,  which  leads  direct  to  the  centre  of  the  platform,  about 
120  feet  square.  On  the  right  hand  is  the  booking-office,  70  feet 
long  by  36  feet  wide;  adjoining  which  are  the  two  parcels-offices, 
the  telegraph-office,  lamp-room,  and  other  rooms  and  offices  ex- 
tending westward,  for  the  engineers,  guards,  porters,  and  other 
officers  of  the  company.  A  house  for  the  station-master  concludes 
the  front  range  of  buildings  to  the  west. 

On  the  left  of  the  entrance  is  the  station-master's  office,  first, 
second,  and  third  class  waiting-rooms,  (containing  separate  apart- 
ments for  ladies  and  gentlemen),  bashing-rooms,  attendants'  rooms, 
and  other  requisites.     Adjoining  this  suite  of  rooms  is  the  first- 
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ijass  refreshment-room,  CG  feet  lonji  hy  33  feet  wide.  At  one  end 
is  a  distinct  refreshment-room  for  ladies,  and  at  tlie  other  end  a 
corresjiondin;,'  room  for  the  har,  eacli  Ij  feet  hy  23  feet,  divided 
from  the  large  refreshment-room  hy  columns  only,  and  forming- 
with  it  one  large  apartment,  9G  feet  in  length.  Adjoining  tlie  har 
is  the  second-class  refreshment-room,  which  terminates  on  the 
east  the  range  of  hnilding  facing  the  |)latform.  The  kitchens 
form  the  eastern  end  of  the  front  huilding,  immediately  hehind 
the  refreshment-rooms,  and  .-idjoining  the  hotel  ;  and  are  proxided 
with  larders,  store-rotmis,  and  ser\ants'  rooms,  on  the  same  floor, 
with  sleeping  apartments  ahove. 

In  addition  to  the  ahove  e.xtensive  range  of  building,  it  is  pro- 
posed to  erect  an  hotel,  communicating  with  the  station,  forming  a 
separate  range  190  feet  in  length  hy  CO  feet  in  depth  ;  to  contain 
TO  hed-rooms,  with  a  proportionate  numher  of  other  apartments; 
Mid  in  the  basement  story,  tap-rooms  and  refreshment-rooms  for 
servants  and  other  persons. 

The  construction  of  this  building  entirely  of  stone,  would,  in 
any  other  locality,  be  attended  with  enormous  expense ;  but  the 
county  of  Northumberland  aftords  such  an  abundant  supply  of  the 
finest  freestone,  that  this  material  becomes  there  not  only  by  far 
the  most  durable,  but  really  the  least  expensive. 


References  to  Plan,  Plate  XIII. 


EAST  OF  ENTRANCE. 

B  Station  Master's  Office. 

C  Lost-Liig^fage  Store. 

L>  Waterc'losels  and  Urinals. 

E  2nri  Cla?s  Gi^ntiemen's  Waiting  Boom. 

F  2nri  Class  LRdies'      ditto  ditto. 

G  Ist  Class  Gt-ntlemen's  ditto. 

H  1st  Class  Ladies*       ditto  ditto. 

I  1st  Class  Ladies'  Refreshment  Room. 

J  1st  Class  Geneial  Kelrealiment  Room. 

K  Bar. 

J-  2ud  Class  Refreshment  Room. 

M  Kitchen  and  Scullery. 

N  Pastry  and  Store  Room. 

O  Bar  Sitting  Room. 

P  Store  Room. 

Q  Waiters'  Sitting  Room. 

K  Waiters'  Btd  Room 

S  Ladies'  Attwidants'  Room. 

T  Washing  Room  for  Ist  Class  Ladies. 

U  Waterclosets  and  Washing  Room  for 

2nd   Class    Ladies.— Part  of    U   is 

Waterclosets  for  1st  Class  Ladies. 

[We  had  intended  to  have  given  a  Perspective  View  of  the  building,  bnt  the  Engrav- 
ing, wlikh  was  entrusted  to  an  engraver  at  Newcastle,  has  turnetl  out  so  very  defective, 
that  we  have  been  obliged  to  postpone  giving  it  for  another  op[]urtuuity,  that  we  may  do 
justice  to  the  taleuts  of  the  architect.— Ed.  C.E.  &  A.  Journal.] 


WEST  OF  E.NTRANCE. 
A      Entrance. 
B      Booking  Office. 
CC  Parcels'  Office. 
D      Lamp  Room. 
E      Oil  Room. 
F      Porters'  Room. 
G      Engineer's  Offices. 
H      Engineer's  Pay  OtBco. 
J      Clerks'  Office. 
K      Urinals  and  Waterclosets. 
L      Station  Master's  House. 
M  M  Store  Hoiisf  s. 
N     Telegraph  Olljce. 


CANDIDUS'S    NOTE-BOOK, 
FASCICULUS  LXXXVIII. 


"I  must  have  liberty 
M'ithal,  as  large  a  charter  an  the  windSf 
To  blow  ou  whom  1  please." 


I.  The  organ  of  Z)e-,  as  well  as  that  of  Cf/n-structivencss,  .ippe.irs 
to  be  possessed  by  IJarry  and  some  other  architects.  After  being 
taken  down  and  pulled  to  pieces  by  critics  while  living,  Nash  and 
Soane  are  now  literally  taken  down  and  ]iulled  to  pieces  by  their 
successors, — by  "  literally,"  however,  is  not  to  be  umlerstood  "  per- 
sonally." The  "  Board  of  Trade"  of  the  one,  and  the  Georgian 
palace  of  the  other,  have  eipially  disappeared,  although  the  latter 
is  merely  blurred  or  blared  out.  But  then,  ])oor  Nash  has  been  dis- 
mantled of  his  Quadrant  ctdonnades,  which  served  as  a  mantle 
that  cloaked  a  good  many  of  his  architectural  sins  ;  besides  which, 
his  Brightonian  Pavilion  is  now  a  wreck, — whether  it  is  to  grow 
interesting  by  growing  into  a  ruin,  remains  to  he  seen.  Nor  does 
the  work  of  destruction  stop  here,  for  we  are  now  told  by  the 
newspapers  that  Dover-house  is  to  be  taken  down,  in  order  to 
make  way  for  a  new  Colonial-office,  to  be  erected  on  its  site  by  Mr. 
Barry;  so  we  must  prepare  to  bid  adieu  to  its  tdiarming  screen 
faiade — an  architectural  gem — not  indeed  of  the  first  magnitude, 
but  of  the  first  "  water," — picturesque,  classic,  and  elegant,  al- 
though ignored  by  those  who  lavish  their  stale  and  second-hand 
extasies  on  St.  Martin's  Church.  Most  unfortunate  Holland  ! 
thy  Drury-lane  Theatre  expired,  like  Semele,  in  flames  ;  thy  splen- 
did Carlton-house  portico  is  demolished,  and  now  thy  e.xquisite 
little  composition  at  Whitehall  is  doomed  to  destruction  !     Were 


there  no  other  site  to  he  had  in  the  neighbourhood,  necessity  might 
excuse  the  act  of  \'andalism  ;  but  excuse  for  it  there  is  none,  while 
there  is  a  "  hoardcd-uii  "  gap  just  by,  between  Downing  and 
Fludyer  streets, — which  gap  is  aii))arently  not  only  ho.arded-uji,  hut 
treasured-up,  as  sfimething  infinitely  too  i)recious  to  be  jiarted 
with.  Therefore  the  gap  is  likely  to  remain,  and  Uo\er-house  to 
be  sacrificed  to  it, — which  is  only  an  exemplification  of  the  feeling 
and  nous  bestowed  by  us  upon  architecture. 

II.  I  am  no  bigotted  admirer  of  Holland;  if  I  think  that  he 
showed  himself  a  classic  and  an  artist  in  the  portico  of  Carlton- 
house,  the  farade  of  the  et-dwunt  York,  now  Dover-house,  I 
freely  admit  that  he  showed  himself  to  be  no  better  than  an  arrant 
Pecksniff  in  what  he  did  at  the  Pavilion  at  Brighton,  before  Nash 
took  it  in  hand  ;  as  is  shown  in  the  design  preserved,  most  unfor- 
tunately for  his  credit  in  the  "  Neiv  Vitruvius  Britannicus."  We 
look  on  it  with  a  fit  of  shuddering,  and  shudtler  at  the  "  princely" 
taste  which  could  adopt  anything  so  vulgar  and  plebeian, — and  not 
only  so  vulgar,  but  so  atrociously  vile.  But  George  was  then  "  the 
Prince;"  and  had  he  taken  a  fancy  to  have  columns  turned  upside- 
down,  his  taste  would  have  been  cried  up  by  his  flunky  flatterers. 
That  such  a  truly  miserable  design — if  design  it  can  be  called — 
should  have  jiroceeded  from  the  architect  who,  in  the  two  other 
works  here  mentioned,  gave  evidence  of  more  than  ordinary  gusto, 
is  hardly  credible, — at  all  events,  quite  unaccountable.  It  ought, 
however,  to  teach  us  something, — namely,  to  judge  of  works  of 
art  (be  they  buildings,  pictures,  or  anything  else)  by  their  intrin- 
sic merits, — according  to  what  they  are  in  themselves,  and  not  ac- 
cording to  extrinsic  circumstances.  The  opinion  that  is  influenced 
by  the  prestige  of  a  name  is  cowardly  and  worthless.  Even 
Homer  sometimes  nods,  but  we  are  not  therefore  to  nod  again 
when  he  does  so,  in  afl'ected  ajrprobation  and  delight.  Even 
Raffaelle  sometimes  daubed — at  least,  what  would  else  be  cajled 
daubs,  have  been  passed  off  under  his  name,  and  have,  in  conse- 
quence, been  admired  and  extolled  for  excellences  freely  imputed 
to  them  bythe  imagination  or  else  bytheearsof  spectators;  whereas, 
daubs  they  would  have  been  pronounced  to  be,  had  it  been  known  that 
they  proceeded  from  the  atelier  {i.e.  garret)  of  some  Jack  Smith,  who 
lives  by  manufacturing  genuine  specimens  of  the  Old  Masters.  A 
hungry  belly — that  great  artis  niayister,  as  we  are  assured  by  most 
classical  authority  it  is,  may  be  that  same  Jack's  excuse  for  the  de- 
ception. But  what  excuse  is  there  for  those  who  suffer  themselves 
to  be  deceived,  to  be  imposed  upon  and  humbugged  by  names,  and 
who  affect  transports  which  they  do  not  feel.'  Give  me  the  honest 
critic,  him  who  is  not  at  all  biassed  by  names,  but  who  would  as 
freely  condemn  either  Jones  or  Wren  where  they  have  shown  them- 
selves Pecksniffian  in  taste,  as  he  would  Pecksniff  himself.  "  What 
a  strange  man  you  are,  Mr.  Candidus  !  And  so  you  really  think 
that  both  Jones  and  Wren  were  sometimes  Pecksniffian  in  their 
taste."  Even  so:  nothing  would  induce  me  to  praise,  or  rather,  not 
to  condemn  and  turn  away  in  disgust  from  some  of  their  doings. 
Few  will  confess  as  much,  because  very  few  have  the  moral  courage 
of  Candidus,  who  is  in  that  respect  libertine  in  the  extreme, — who 
is  not  only  nullius  addictus  jarare  in  verba  magistri,  but  would  anim- 
advert just  as  freely  on  a  Palladio,  a  Jones,  or  a  Wren,  as  on  some 
poor  devil  of  a  "Jack  Smith  !"  Let  others  affect  milk-and-water 
modesty :  I  am  content  to  be  sincere  in  opinion,  and  fearless  in 
the  expression  of  it. 

III.  A  most  curious  accident,  and  one  recorded  with  singular 
naivete,  is  tluit  which  hajipeiied  to  a  certain  architect  in  a  book  of 
designs  published  by  him ;  it  being  expressly  stated  in  the  letter- 
]>ress,  that,  in  one  of  the  elevations,  the  offices  which  cmght  to 
have  been  shown,  were  "omitted  by  accident."  Very  much  nearer 
the  mark  would  it  have  been  to  say,  that  the  omission  was  occa- 
sioned bv  gross  stupidity  and  unpardonable  blundering.  "  By 
accident,''  forsooth  I  Would  "■  accident"  be  received  as  an  excuse 
for  a  painter  sending  home  your  portrait  without  a  nose  to  your 
face,  he  having  through  sheer  forgetfulness  omitted  that  interest- 
ing, or  at  any  rate  indisi)ensable,  feature  .''  Certain  it  is  that,  with 
regard  to  the  unlucky  elevation  here  alluded  to,  the  omission  was 
discovered  before  the  plate  was  published,  since  otherwise,  it 
would  not  have  been  apologised  for  ;  which  being  the  case,  why  was 
not  the  error  itself  corrected .''  One,  and  indeed  the  only  valid 
reason  may  have  been,  that  the  design  looked  all  the  better  for 
the  accident.  If  that  was  not  the  real  reason,  the  only  other 
imaginable  one  is,  that  the  expense  of  altering  the  plate  could 
not  he  afforded  by  the  poor  devil  who  published  his  designs.  The 
reader  will  agree  with  this  l.-ist  hypothesis,  when  informed  that  the 
work  here  referred  to  was  by  Soane  !  That  poor  man  seems  to 
have  been  not  merely  the  sport,  but  the  very  victim  of 
"  accidents ;"  for,  on  the  very  next  page  of  that  book,  we  read, 
"  the  arched  recesses  were  semicircular  in  the  dra«  ing,  but  by  a 
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mUtake  of  the  engraver,  are  made  considerably  more  !"  Nor  is  that 
the  finis  with  regard  to  mistakes,  for  the  printer — or  else  Sotine 
himself,  committed  many  more,  by  "  omitting  by  accident"  the  ex- 
planations of  the  letters  of  reference  in  some  of  the  plans.  And 
in  their  plans,  or  in  what  is  dependent  on  and  arises  out  of  plans, 
the  chief,  or,  to  speak  more  correctly,  the  sole  merit  of  that  collec- 
tion of  Soanean  designs  consists;  many  of  the  elevations  being  little 
short  of  tlie  downright  ugly  and  hideous.  Soane  should  have  con- 
fined himself  to  plan  and  contrivance  :  they  were  his  forte.  His 
ground  work  was  often  truly  admirable;  his  superstructure  gene- 
rally quite  the  reverse.  The  work  of  Soane's  here  referred  to  is 
remarkable  of  its  kind  ;  for,  professing  to  show  only  "  cottages, 
villas,  and  other  useful  buildings,"  it  includes  a  design  for  what 
is  neither  a  very  cottage-like  nor  very  utilitarian  edifice,  to  wit, 
a  National  Mausoleum.  Soane  seems  to  have  had  a  pious  penchant 
for  burying  people  :  for  the  matter  of  that,  he  would  not  have 
scrupled  to  bury  the  whcde  nation  alive,  so  that  he  had  the  erecting 

its  mausoleum,  or  n!o».woleum,  as  terms  it ;  which  last,  I 

suppose,  means  nothing  more  nor  less  than  a  mouse-trap. 

IV.  Pugin  does  not  at  all  shine  in  the  parliamentary  "  blue  book" 
which  shows  his  design  for  Maynooth  College,  and  those  by  dif- 
ferent architects  of  some  other  public  buildings  that  are  now  in 
progress  in  Ireland.  "  Maynooth"  would  furnish  an  illustration 
for  Mr.  P.'s  own  work  entitled  "  Contrasts,"  it  being  a  sufficiently 
striking  sample  of  pseudo-Gothic,  alias  modern  Gothicising.  It 
is  only  Pugin's  professed  admirers — those  who  make  it  a  point  of 
honour  to  admire  whatever  proceeds  from  him,  who  can  look  with 
complacency  on  such  a  dowdy  and  prosaic  design,  which  possesses 
neither  style,  nor  quality  that  atones  for  the  dereliction  of  style. 
Still  it  may,  on  that  very  account,  prove  not  a  little  satisfactory 
to  some, — those,  to  wit,  among  his  professional  brethren  who  may 
have  taken  oft'ence  at  Welby  Pugin's  supercilious  tone  towards 
them  in  his  "  Contrasts"  and  other  writings.  Perhaps  they  will 
retort  upon  him,  and  ask  if  Maynooth  is  to  be  regarded  as  an  ex- 
ample of  what  can  be  achieved  by  tliose  who  boast  of  being  in- 
spired by  "  the  faith  of  our  forefathers." 

V.  Place  axi.v  dames  !  A  lady-writer  on  architecture  is  so  great  a 
phenomenon — such  a  veritable  black  swan  (applied  to  one  of  the 
jair  sex  the  simile  sounds  somewhat  antithetical),  that  Mrs.  Tuthill 

deserves  to  have  a  separate  article,  or  at  least  an  entire  Fasciculus 
devoted  to  her,  more  especially  as  she  shows  herself  to  be  a  reader 
of  Candidas,  and  has  paid  him  the  compliment  of  transferring  to 
her  own  pages  one  or  two  of  his  pithy  i)aragraphs.  Still  1  am  not 
so  much  indebted  to  her  for  the  compliment,  as  she  is  to  me  for 
those  little  bits  of  architectural  philosophy  which  sparkle  like 
gems  amid  the  dulness  of  her  book,  since  she  has  not  had  the  grace 
to  acknowledge  to  whom  they  belong.  Inverted  commas  mark 
them  for  quotations,  and  that  is  all;  except  it  be  that  they  are 
jumbled  up  with  extracts  fi-om  other  writers,  without  the  difference 
of  proprietorship  being  hinted  at.  Saum  cuique,  my  good  lady,  is 
an  honest  maxim,  and  the  best  policy ;  for  your  own  unscrupu- 
lousness  now  relieves  me  from  all  scruples  and  qualms  of  gallantry, 
and  emboldens  me  to  speak  out  somewhat  freely.  Privilege  of 
sex  cannot  be  allowed  you  :  you  are  of  the  feminine  gender, — and 
so  are  "man-of-war"  ships  ;"  so  also  are  amazons,  but  their  she- 
ship  did  not  shield  those  belligerent  ladies  from  wounds  in  the 
brunt  of  battle.  I  do  not  deny  you  the  right  of  wielding  that 
feminine  implement  the  scissors ;  but  I  do  disapprove  of  your 
making  use  of  the  paste-pot  at  the  same  time  ;  and  your  book  is  a 
notable  sample  of  that  species  of  literary  manufacture  which  goes 
by  the  name  of  "  scissors-aud-paste  work."  Perhaps  you  will  say 
that  it  is  genuine  patch-work,  and,  as  such,  is  a  very  suitable  occu- 
pation for  your  sex.  That  a  good  deal  has  been  ere  now  written  upon 
architecture  by  women  I  do  not  dispute  ;  but  then,  till  now  they 
have  invariably  been  old  women,  and  of  the  man-kind,  whereas  you 
are  neither  the  one  nor  the  other.  "  What  then,"  you  will  say, 
"  may  not  ladies,  who  are  not  old  ones,  turn  their  attention  to  archi- 
tecture? Why  should  they  be  interdicted  from  cultivatingataste  for 
that  branch  of  fine  art  which  has  so  much  to  do  witii  taste  gene- 
rally ?"  Wliy,  indeed,  should  they  ?  Architecture  has,  as  you 
observe,  been  strongly  recommended  in  a  paper  in  the  '•'•Foreign 
Quarterly"  as  a  study  particularly  adapted  to  enter  into  the  list 
of  female  accomplishments  ;  and  you  might  also  have  brought  for- 
ward Wightwick's  opinion  to  the  same  effect.  Nor  do  I  dissent 
from  them  :  there  certainly  is  nothing  to  hinder  a  woman  from 
understanding  architecture— that  is,  the  aesthetics  of  building,  just 
as  well  as  a  man,  or  indeed  a  great  deal  better  than  many  men, 
since  some  of  them  mistake  mere  building  for  architecture.  Pro- 
ficiency in  the  study  is  quite  irrespective  of  sex  :  it  depends  upon 
the  intelligence,  the  application,  and  the  relish  brought  to  it.  Sin- 


cerity of  study,  diligence  of  reflection,  are  the  sine  qua  non  : 
whereas  you  seem  to  have  overlooked  some  of  the  most  indispen- 
sable qualifications  for  the  proper  execution  of  the  task  which  you 
undertook  ;  and  which,  in  the  vastness  of  your  ambition,  you  ex- 
tended to  every  known  style  of  the  art,  including  some  that  no  one 
knows  anything  about  at  all.  You  appear  to  have  set  up  for  a 
teacher,  while  you  yourself  were  only  a  learner,  and  not  very  per- 
fect in  your  lessons.  You  show  that  you  have  spoken  by  book  and 
by  rote,  feeling  secure  in,  and  trusting  to,  the  greater  ignorance 
of  your  readers.  Come,  cheer  up,  my  good  i\Irs.  Tutliill :  though 
you  get  no  flattery  from  me,  you  may  still  get  plenty  of  puff'  from 
other  critics ;  therefore  the  acidity  of  my  remarks  may  be  useful 
to  you,  by  correcting  the  fulsomeness  of  theirs.  Considering — you 
must  excuse  the  ungraciousness  of  that  qualifying  expression, — -con- 
sidering, I  say,  that  it  is  the  production  of  a  female  pen  on  a  mas- 
culine subject,  your  book  is  not  so  vei-y  poor  a  book  after  all.  At 
all  events,  it  is  something  in  the  bodily  shape  of  a  book — a  goodly- 
sized  octavo  volume,  with  your  name  on  the  title-page  ;  wliich  is 
far  more  than  Candidus  can  boast  of  having  ever  sent  forth  to  the 
public.  Yours  is,  besides,  a  funny  book — funnier  perhaps  than 
you  intended  it  to  be.  One  of  its  drolleries  is  that  of  omitting 
in  the  list  of  those  who  have  distinguished  themselves  in  archite<»- 
ture,  such  recent  celebrities  as  Cagnola,  Schinkel,  Gartner,  and 
several  others,  and  immortalising  such  obscurities  as  Joel  Johnson, 
and  John  Linnell  Bond.  Oh !  Mrs.  Tuthill,  Jlrs.  Tuthill,  you  are 
a  very  roguish  creature  !  To  think  of  your  immortalising — and 
immortal  tliey  now  will  be  in  your  book — such  poor  devils  in  all 
their  littleness,  is  no  doubt  very  laughable,  but  partakes  too  much 
of  a  mauvaise  plaisanterie. 

VI.  Loudon's  "  Architectural  IMagazine,"  and  others  of  his  pub- 
lications, have  been  very  freely  laid  under  contribution  by  Mrs. 
Tuthill,  who  has  copied  several  woodcuts  from  them,  but  without 
any  acknowledgment  of  their  being  copies,  and  without  even  men- 
tioning the  names  of  those  by  whom  they  were  designed.  At 
p.  307,  for  instance,  she  has  re-produced  from  the  Supplement  to 
Loudon's  "  Encyclopaedia,"  what  she  very  justly  calls  "a  beautiful 
English  villa  in  the  Blizaljethan  style,"  and  recommends  as  a  model 
for  residences  of  that  class  in  "tlie  northern,  middle,  and  western 
states  ;"  but  very  ungraciously  witliholds  from  Mr.  E.  B.  Lamb  the 
credit  of  having  designed  it,  although  his  name  is  attached  to  it 
in  the  publication  from  wliich  she  pirated — or,  to  speak  more  pret- 
tily— borrowed  it.  The  suppression  of  its  author's  name  is  per- 
haps less  unjust  than  it  otherwise  would  be,  because  she  exhibits  a 
fac-simile  of  the  original  cut,  with  all  tlie  vexatious  blunders  which 
Mr.  L.  complained  of  and  pointed  out  in  the  letterpress  accompany- 
ing his  design,  observing,  that  owing  to  the  ignorance  of  the  en- 
graver, "  the  parapet  appears  like  a  Grecian  guilloche  instead  of  Go- 
thic perforated  panelling  ;  the  arches  do  not  present  the  easy  curve 
of  the  Gothic  four-centred  arch;  and  the  scroll  label  over  the  pro- 
jecting bays  assumes  also  a  difl^erent  character."  Yet,  notwithstand- 
ing that  these  provoking  infidelities  of  delineation  were  plainly 
enough  pointed  out  by  the  author  of  the  design,  they  are  not  cor- 
rected, neither  is  there  a  syllable  of  caution  against  them  ;  so  that 
the  serious  solecisms  and  errors  in  the  cut  may  unwittingly  be  co- 
pied together  with  the  real  merits  of  the  design.  Call  you  that 
honesty,  Mrs.  Tuthill, — or  can  you  fairly  call  yourself  an  honest 
woman  ? 

VII.  "  Simplicity  of  style  in  architecture,"  says  Mrs.  Tuthill — 
Mrs.  Tutliill  again  I^"is  in  itself  a  beauty."  The  dictum  requires, 
however,  to  be  qualified  by  adding,  provided  the  simplicity  itself 
be  aesthetic,  and  accompanied  by  other  aesthetic  qualities.  "  A 
Doric  temple,"  she  observes,  "  is  perfectly  simple ;  yet  what  ob- 
ject of  art  is  more  imposing  and  beautiful?"  No  doubt :  the  Greek 
Doric  temple  was  worked  by  refined  and  truly  artistic  simplicity, 
and  by  perfect  consistency  and  completeness  of  expression.  The 
difficulty  is  to  infuse  an  equivalent  degree  of  similarly-refined  sim- 
plicity into  structures  very  difl'erently  constituted,  and  which,  there- 
fore, ought  to  be  stamped  by  appropriate  character  of  their  own. 
Hardly  can  Mrs.  T.  mean  to  recommend  the  antique  Doric  temple 
as  a  model  at  the  present  day,  it  being  one  which  it  is  utterly  im- 
possible to  adhere  to.  In  fact,  Greek  temples  are  the  stumbling- 
block  against  which  many  American  architects — of  English  ones  I 
say  nothing — have  tripped  themselves  up.  A  mere  portico  has  gene- 
rally been  made  by  them  their  Alpha  and  Omega  of  design.  They 
have  accordingly  showed  their  classical  taste  and  utter  lack  of  inven- 
tion by  applying  that  convenient  ready-made  feature,  the  portico, 
and  tacking  it  ou  to  most  Pecksniffian  buildings,  without  the  least 
suspicion  that  they  were  thereby  out-Pecksniffizing  Pecksniff  him- 
self. Mrs.  T.'s  own  book  gives  us  a  sample  of  the  kind  at  page  300, 
assuring  us  that  "  the  beautiful  portico  is  copied  from  the  Erech- 

46* 


356 


THE  CIVIL  ENGINEER  AND  ARCHITECT'S  JOURNAL. 


[|Decembeb, 


theum."  All  the  more  pity  then  that  it  sliould  he  stuck  on  to  a 
little  smuff  sasli-wiiidowed  house.  It  seems,  however,  that  "  the 
front  is  of  white  marble."  All  the  more  pity  ajjain,  tliat  wliite 
marble  should  liave  been  wasted  u]>on  a  design  for  whieh  latli  and 
plaster  would  have  been  quite  good  enoujih.  The  turninff  Erech- 
theiims  and  Parthenons  into  prose  is  a  notable  achievement,  truly  ! 

VIII.  Although  she  indulges  in  a  good  deal  of  young-lady-like 
writing  and  feminine  sentimentality,  much  ready-made  enthusiasm 
(but  of  a  rather  threadbare  sort)  included,  Mrs.  T.  is  a  very  mattei- 
of-fact  sort  of  lady, — a  mere  matermlist  in  criticism.  Artistic  idea 
and  design,  or  the  absence  of  them,  are  to  her  as  nothing  in  com- 
parison with  tlie  merit  derived  from  such  materials  as  white  marbleor 
granite.  The  adverting  to  the  mere  circumstance  of  material,  when 
every  other  is  passed  over,  does  not  bespeak  much  competency  to  the 
task  in  one  who  professes  to  instruct  others  in  architecture,  and 
direct  their  taste.  Mrs.  T.'s  criticism  never  ventures  beyond  a  poor, 
solitary,  mateless,  forlorn-old-bachelor,  celibatarian  epithet ;  and 
even  that  is  not  only  exceedingly  loose  and  vague,  but  sometimes 
quite  misap])lied  also.  If  we  may  believe  what  she  «u.v-S  Yale 
College  Library  is  a  "  beautiful  edifice  ;"  but  if  we  are  to  believe 
what  she  shuws,  and  to  trust  to  our  own  eyes  rather  than  to  her 
■words,  it  must  be  truly  execrable  in  every  respect.  That  building 
and  Hartford  Athenaeum  (of  which  a  ]n'int  is  also  given)  are  both  by 
the  same  architect  (H.  Austin),  and  are  both  meant  to  be  in  tlie 
Gothic  style-^of  the  Strawberry  Hill  period,  it  may  be  presumed. 
Which  is  the  most  hideous  of  the  two — to  which  of  them  the 
"J5e/«r  Tin-jiiori"  (uight  to  be  assigned,  it  would  be  difficult,  per- 
haps impossible,  to  decide.  Their  similarity  of  merit — or  demerit, 
is  so  great,  that  Mrs.  T.  herself  has  been  forced  to  employ  precisely 
the  same  terms  for  their  characterization,  calling  the  one  and  the 
other  "  a  symmetrical  and  effective  building," — a  proof  that  her 
stock  of  expressions  is  but  a  very  scanty  one.  "  Effective"  enough 
they  both  are,  no  doubt,  and  so  is — an  emetic :  and  just  like  an 
emetic,  it  is,  that  they  operate  ;  at  least,  if  they  resemble  the  repre- 
sentations of  them  in  the  book.  Some  time  ago,  an  American 
journal  made  mention  of  a  fish  without  eyes ;  and  it  would  seem 
that  the  Americans  themselves  are  altogether  without  eyes  (or  eye) 
for  Gothic  architecture. 

IX.  It  was  to  be  supposed  that  Mrs.  T.  would  avail  herself 
largely  of  the  opportunity  of  chronicling  for  fame  some  of  her 
own  countrymen,  in  her  "  Chronological  Table  of  the  Principal 
Architects ;"  instead  of  which,  she  does  not  there  insert  the  name 
of  a  single  one,  assigning  for  the  omission  tlie  following  not  very 
logical  reason  : — "  It  would  be  very  desirable  to  add  here  a  list  of 
eminent  American  architects;  but  so  many  of  the  most  distin- 
guished are  still  living,  that  we  must  deny  ourselves  the  pleasure!" 
Oh,  Mrs.  T.!  Mrs.  T.!  What  a  woman's  reason!  You  are 
woman  all  over ! 

*'  In  reasoning  weak,  in  ciptivation  strong." 

Dead  worthies,  it  seems,  are  not  to  be  spoken  of,  because  the 
race  is  not  extinct,  and  other  worthies  are  still  alive.  Very 
easily  might  you  have  helped  yourself  to  some  notices  of  American 
architects,  quite  sufficient  for  your  purpose,  from  Dunlop's 
"History  of  the  Arts  of  Design  in  the  United  States";  but  you 
scorn  to  borrow  or  pilfer  from  anybody. 

X.  At  any  rate,  it  cannot  be  said  that  Mrs.  Tuthill  has  failed 
to  enrich  her  volume  with  a  glossary  ;  and  a  particularly  rich 
treat  it  is  to  the  lovers  of  fun  and  laughter.  I,  for  one,  was  cer- 
tainly guilty  of  man's-Zanyhler,  when  I  read  her  definition  of 
"  vertical."  I  would  take  a  thousand  bets  tliat  no  one  would  ever 
guess  it.  She  does  not  indeed  actually  say  that  "vertical" 
means  "horizontal;"  but  she  says— never  would  you  find  it  out 
of  yourself — that  it  means  "opposite;"  which  being  the  case,  I 
am  quite  vertical — in  ojiinion  I  mean,  and  in  opinion  only — to 
Mrs.  T.  How  fortunate,  or  else  how  unfortunate,  it  is  that  the 
Atlantic  is  between  us  ! 

XI.  Among  those  with  whom  Mrs.  T.  has  got  into  debt  by  her 
literary  borrowings  from  them,  is  Mrs.  Jameson  ;  of  whose  descrip- 
tion of  the  Konigsbau,  at  Munich,  she  has  availed  herself,  without 
having  the  grace  to  acknowledge  its  authorship,  or  the  policy  to 
quote  it  in  evidence  of  the  competency  of  a  female  pen.  IIovv- 
ever,  if  she  has  defrauded  some  of  her  literary  creditors,  she  has 
paid  off  one  of  the  smallest  of  them  with  usurious  interest ; 
namely,  the  gentleman  to  whom  she  has  thought  proper  to  apply 
the  epithet  "learned,"  as  the  most  characteristic  one  which  she 
could  select,— or  it  was  the  one  perhaps  which  was  just  then  at 
the  point  of  her  pen, — styling  him  emphatically  "the  learned 
•Urfion"!      Possibly,  such  ejiithet  may,  as  a  genei"al  one,  be  well 


merited  by  the  what-shall-I-call-him  to  whom  it  is  applied ;  yet 
hardly  appropriate  to  tlie  actual  occasion,  since  the  words  she 
quotes  are  only  a  sample  of  what  Sam  Slick  calls  "  soft  sawder." 
Go  to,  Mrs.  T., — where  you  deserve  to  go  to,  I  don't  say;  but  go 
to,  for  a  very  quizzical  and  roguish  woman. 


OCCASIONAL  NOTES  UPON  ART. 
By  Fkedehick  Lush. 

I.  We  admire  true  art,  on  account  of  its  ennoliling  tendency. 
This  has  its  origin  in  principles  which,  founded  in  the  constituticiu 
of  our  nature,  are  the  foundation  of  excellence.  It  w<nild  not  be 
a  difficult,  though  a  very  interesting  task,  from  the  varied  and 
honoured  labours  of  the  artist,  to  show  that  success  demands,  upon 
his  part,  the  exercise  of  the  highest  mental  faculties.  Ileal  art  is 
an  evidence  of  these — a  manifestation  of  skill  and  manly  energy. 
It  proclaims  with  eloquence  its  intrinsic  dignity.  How  often,  for 
instance,  do  the  stately  monuments  which  her  genius  has  reared 
force  themselves  on  our  regard,  rivetting  our  attention,  and  com- 
manding our  admiration,  even  when  men  are  intently  occupied  in 
the  bustling  transactions  and  exciting  pursuits  of  life  !  When  the 
appeals  of  art  are  so  powerful,  it  would  be  idle  to  say  anything  in 
vindication  of  its  character,  were  it  not  that  there  are  creatures 
upon  whose  minds  they  seem  to  make  no  impression,  and  who 
rudely  pass  them  by,  or  only  cast  upon  them  a  look  of  cold  indif- 
ference. To  write,  however,  on  subjects  of  pure  and  sublime  art, 
is  to  eulogise  them,  and  at  the  same  time,  to  give  to  the  world 
a  history  of  the  good  they  have  effected ;  but  this  has  been  felt 
and  acknowledged,  from  time  immemorial,  by  all  persons  who  have 
claims  to  our  respect  for  their  quick  sensibility  to  beauty  and  lofty 
elevation  of  intellect :  for,  to  the  poet  they  have  ever  afforded  a 
congenial  and  favourite  theme ;  to  the  wealthy  an  opportunity  of 
gratifying  their  own  taste  in  a  judicious  encouragement  of  talent ; 
nor  has  posterity  ever  forgotten  those  artists  whose  services  and 
beautiful  emanations  have  thrown  such  a  glory  over  their  voca- 
tion, but  have  recorded  their  names  on  the  roll  of  fame,  as  bene- 
factors to  their  race.  There  is  no  reader  of  those  remarkable  poems, 
the  Iliad  and  Odyssey,  but  must  remember  the  frequent  allusions 
which  Homer  makes  to  the  works  of  the  skilled  Sidonian  artists 
and  cunning  artificers ;  with  what  warm  sympathy,  but,  at  tha 
same  time,  with  what  propriety  he  introduces  descriptions  of  va- 
rious instruments  and  accoutrements  of  war — royal  and  sacerdotal 
vestments  curiously  woven — the  shield  of  the  hero  Achilles — with 
works  of  larger  construction — architectural  fabrics — such  as  in 
after  ages  were  conceived  by  a  Palladio,  or  by  a  Sir  Christopher 
Wren.  He  considers  all  these  as  growing  under  the  superintend- 
ing eye  and  inspiration  of  personified  Divinity — be  it  Pallas  or 
other  goddess,  the  beauty  of  their  contrivance  and  the  transcend- 
ancy  of  their  invention  being  referred  to  a  superior  pow  er,  who 
strengthened  the  artists'  energies.  Moreover,  he  reminds  us  how 
the  workmanship  added  immeasurably  to  the  value  of  the  mate- 
rial, by  the  superiority  of  mind  over  matter.  Yet,  whether  it  was 
the  architect  who  built  the  lofty  pile,  or  the  potter  who  fashioned 
utensils  of  domestic  use  into  forms  of  beauty,  each,  by  the  selec- 
tion of  the  most  durable  materials,  insured  to  his  work  the  greatest 
permanence  possible.  The  lower  departments  of  art  received  a 
high  degree  of  artistical  effect  from  the  refined  feeling  and  know- 
ledge of  harmonious  composition  applied  to  them  ;  it  being  an  im- 
portant aim  in  those  decorative  and  ornamental  arts  which  adorned 
the  palace  or  the  temple  to  cultivate  beauty  of  design  in  the 
fullest  extent ;  so  Minerva  is  represented  as  watching  over  and 
herself  occupied  in  the  "  illustrious  labours  of  the  loom  ;"  but  it 
was  not  the  stuff  of  the  tapestry,  nor  the  precious  stones  that 
composed  the  floor  of  rich  inlay,  but  the  design  that  graced  it, 
which  was  admired  and  commended.  In  works  of  fictile  manufac- 
ture, where  the  finer  and  most  delicate  skill  of  the  hands  was  vi- 
sible, the  splendid  vase  is  praised,  not  because  its  material  was 
costly,  but  because  it  was  "figured  with  art  that  dignified  the  gold," 
and  reflected  the  image  of  a  master-mind.  We  witness,  in  all  this, 
a  most  consummate  taste  and  judgment.  So  Ovid,  in  the  opening 
of  his  glowing  description  of  Phaston  : — 

''Regia  Solis  erat  aublimibus  alia  columnis, 
Clara  viicante  auro , Jiammasque  imitante pyropo  ;■ 
Cujus  ebur  nitidum  Jastigia  suiiima  tegebat  ; 
Aryenli  bifores  radiabant  tumhue  valvce, 
Materiem  superabat  opus.^* 

The  bard  of  the  Hiad  says,  the  inventor  of  these  elegant  arts  was 
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a  wise  man,  and  that  he  must  have  acted  from  precepts  delivered 
to  liim  by  Jlinerva  : — 


■  the  workJ 


Twas  a  wise  artist  irt':n'd,  his  wisdom 
By  precepts  from  Minerva." 


taught 


II.  Lord  Bacon's  definition  of  art — namely,  "a  proper  disposition 
of  the  tilings  of  nature,  by  human  thought  and  experience,  so  as 
to  answer  the  several  purposes  of  mankind,"  clearly  expresses  that 
the  success  with  which  the  mind  achieves  that  desirable  end,  and 
the  means  it  adopts  for  the  production  of  the  beautiful,  depends 
upon  such  hifrh  attainments  as  can  be  expected  only  after  a  long 
course  of  observation  and  experience.  Art  will  exert  a  beneficial 
influence  upon  society,  and  be  a  realisation  of  beauty,  according 
to  the  wise  and  "  proper  disposition  of  the  things  of  nature." 
Herein  is  pointed  out  the  necessity  of  a  knowledge  of  first  prin- 
ciples, which,  wlien  systematised  by  reasoning  and  taste,  form  a 
sure  foundation  whereon  the  artist  may  securely  rest  in  all  his 
operations.  The  amassing  together  a  variety  of  perceptions  re- 
quires the  perfection  and  activity  of  tlie  organ  of  vision,  and  the 
power  of  combining  and  representing  figures  in  their  most  natural 
and  appropriate  forms, — is  acquired  only  after  a  repetition  of  ma- 
nual efforts,  aided  by  the  co-operation  of  the  mind,  and  added  to 
much  practical  wisdom.  Sucli  representation  of  sensible  objects — 
not,  however,  strictly  copied  as  they  are,  but  improved  to  what 
they  should  be — portrayed  truly,  yet  poetically,  demands  a  system 
of  various  and  well-appi'oved  precepts,  for  instruction  in  which 
man  must  look  with  the  cautious  and  careful  eye  of  observation 
into  the  laws  which  have  governed  the  works  of  the  Divine  artist. 
The  words  of  Paley,  when  arguing  the  existence  and  attributes  of 
God  from  his  works, — "Contrivance  proves  design,  and  the  pre- 
dominant tendency  of  the  contrivance  indicates  the  disposition  of 
the  designer,"  apply  equally  to  human  productions  ;  and  we  cor- 
rectly infer  from  their  elegant  beauty  or  imposing  grandeur,  the 
artist's  endowments. 

III.  The  well-understanding  of  the  sound  principles  of  art  (by 
which  only  it  can  be  learnt  and  appreciated)  prevents  the  commis- 
sion of  solecisms  and  barbarisms.  Pursued  on  principles  contrary 
to  natui'e  and  just  reasoning,  its  results  are  generally  absurdities, 
and  sometimes  those  one-sided,  partial,  and  imperfect  views,  which 
are  nothing  less  than  proofs  of  insanity.  Witness  Borromini  in 
architecture  ;  oi-,  who  was  worse.  Father  Guarini,  the  specimens  of 
whose  architectural  achievements  in  Turin  look  more  like  the 
sugar-and-plaster  compositions  of  a  pastry-cook  and  confectioner  ; 
or  Bernini,  who  in  sculpture,  imitated  the  style  of  Rubens ;  and 
surely  nothing  could  be  so  bad  in  taste  as  to  make  the  drapery  of 
his  sculpture  resemble  that  of  painting,  or  anything  it  in  reality  is 
not ;  for  in  the  imitative  arts,  as  in  morality,  the  advice  e.sto  quod 
esse  viderif,  should  be  recollected.  These  are  examples  of  an  in- 
dividual caprice,  of  a  love  of  extravagance,  and  of  a  spirit  so 
opposed  to  all  truth,  that  they  deserve  censure ;  and  the  more  so, 
because  they  are  apt  to  captivate  the  ignorant  and  unreflecting. 
So  necessary  is  it  that  all  should  be  under  the  guidance  of  reason 
and  intention,  that  he  who  does  not  attend  to  what  these  govern- 
ing faculties  prescribe  as  binding  and  imperative,  but  acts  only 
from  impulse  or  chance,  forfeits  all  right  to  the  title  of  artist. 
But  worthy  of  all  admiration  is  he  who  exhibits  a  control  over 
himself  and  his,  perhaps,  too  ardent  imagination;  who  regulates 
his  enthusiasm  by  reason;  who  makes  his  genius  conform  to  the 
rules  of  art ;  and  rising  above  every  particular  and  partial,  repre- 
sents only  the  universal  truth.  For  in  this,  as  most  other  pursuits, 
it  will  be  best  to  preserve  a  medium.  Extremes  on  either  side  are 
to  be  shunned. 


Altius  egressus,  ccelestia  tecta  cremahis  ; 
Iiiferius,  terras  ;   medio  tutissimus  ibis.' 


Ovid. 


ON  THE  STABILITY  OF  FLOATING  BODIES. 

The  doctrine  of  stability  is  of  much  greater  importance  in  the 
constructive  arts  than  is  commonly  imagined ;  it  is,  moreover,  a 
difficult  subject,  and  when  considered  in  all  its  generality,  it  re- 
quires a  much  more  extensive  knowledge  of  mathematical  investi- 
gations, than  is  possessed  by  the  greater  part  of  that  class  of 
individuals  engaged  in  mechanical  pursuits ;  hence  the  reason 
why  the  subject,  notwithstanding  its  importance,  is  so  little  under- 
stood. But  although  the  general  investigation  of  the  theory  is 
attended  with  considerable  difficulty,  yet  there  are  cases  of  a 
highly  interesting  and  practical  character,  in  which  the  difficulties 


are  but  slight,  and  which  may  consequently  be  understood  by 
every  person  moderately  acquainted  with  the  elementary  depart- 
ments of  science ;  and  it  is  to  those  cases  which,  in  the  present 
instance,  we  intend  the  more  especially  to  direct  the  attention  of 
our  readers.  The  following  are  the  conditions  on  which  the  equi- 
librium of  flotation  depends.  A  solid  body,  floating  on  a  fluid 
which  is  specifically  heavier  than  itself,  will  remain  in  a  state  of 
equilibrium  or  balanced  rest,  when  it  has  sunk  so  far  below  the 
surface,  that  the  weight  of  the  fluid  displaced  by  the  immersed 
portion  of  the  body,  is  exactly  equal  to  its  whole  weight,  and  when 
the  centre  of  gravity  .of  the  whole  floating  mass,  and  that  of  the 
immersed  portion  of  it,  are  situated  in  the  same  vertical  line. 

If  the  floating  body  be  inclined  from  the  position  of  equilibrium 
through  a  very  small  angle,  by  the  action  of  some  external  force 
any  how  applied,  the  question  of  stability  consists  in  determining 
whether  the  body,  when  left  to  itself  under  such  conditions,  will 
continually  recede  farther  and  farther  from  its  position  of  equili- 
brium until  it  finally  oversets,  or  whether  it  will  librate  about 
some  axis,  until  it  ultimately  restores  itself  to  the  position  which 
it  occupied  previously  to  the  action  of  the  disturbing  force. 

In  the  following  inquiry  we  shall  confine  ourselves  to  that  par- 
ticular case  of  the  problem,  in  which  the  first  condition  of  equili- 
brium is  supposed  to  be  satisfied,  in  whatever  position  the  floating 
body  may  be  placed  ;  that  is,  when  the  weight  of  the  whole  floating 
mass  is  exactly  equal  to  the  weight  of  the  fluid  displaced  by  the 
immersed  portion  of  it. 

Every  solid  which  is  generated  by  the  revolution  of  some  plane 
about  a  fixed  axis,  and  in  general,  every  solid  body  having  an  axis 
about  which  the  opposite  parts  are  symmetrically  arranged,  if  it 
he  specifically  lighter  than  the  fluid  on  which  it  floats,  and  if  it  be 
placed  in  the  fluid  with  its  axis  perpendicular  to  the  horizon,  may 
sink  to  a  position  in  the  fluid,  where  it  will  remain  in  a  state  of 
quiescence  or  balanced  rest.  In  all  such  bodies,  there  are  two 
opposite  positions  in  which  the  equilibrium  oljtains ;  but  there  is 
only  one  position  in  which  a  permanency  of  flotation  can  take 
place. 

If  the  floating  body  be  homogeneous,  or  uniform  in  density 
throughout  the  whole  of  the  mass,  the  centre  of  gravity  of  the 
entire  body  will  be  situated  above  that  of  tlie  part  immersed,  or, 
which  is  the  same  thing,  that  of  the  displaced  fluid ;  but  if  the 
density  of  that  part  of  the  body  which  is  below  the  plane  of  flota- 
tion* be  greater  than  that  of  the  part  above  it,  the  centre  of 
gravity  of  the  whole  floating  mass  may  be  lower  than  that  of  the 
immersed  part,  or  of  the  displaced  fluid.  Indeed,  the  centre  of 
gravity  of  the  whole  floating  mass  may  always  be  placed  below 
that  of  the  immersed  portion  of  it,  by  increasing  the  density  of 
the  lower,  and  diminishing  that  of  the  upper  portions  ;  and  in  this 
way  may  the  stability  be  augmented  in  any  ratio  at  pleasure. 

If  a  floating  body  be  any  how  cut  by  a  plane,  in  respect  of  which 
the  opposite  parts  are  symmetrical,  or  similarly  placed  ;  then,  any 
portion  of  the  body  cut  oS'  by  a  plane  perpendicular  to  the  former, 
will  also  be  symmetrical  in  regard  to  the  same  plane ;  hence, 
we  infer,  that  if  a  body,  symmetrical  with  respect  to  a  certain 
plane  passing  through  it,  be  partially  immersed  in  a  fluid  with  the 
said  plane  vertical,  the  immersed  portion  of  the  body  will  also  be 
symmetrical  as  regards  that  plane ;  and  the  centre  of  gravity  of 
the  whole  floating  body,  and  that  of  the  part  below  the  surface  of 
the  fluid  will  lie  in  that  plane ;  consequently,  for  every  such  plane 
as  that  here  specified,  which  can  be  taken  in  a  floating  body,  there 
will  be  at  least  one  position  of  equilibrium.  These  things  being 
premised,  we  are  now  in  a  condition  to  investigate  some  of  the 
simpler  cases  of  the  stability  of  flotation. 

Problem. — If  a  uniform  prismatic  body,  whose  transverse  section 
is  a  triangle,  be  made  to  float  upon  a  fluid  specifically  heavier  than 
itself  in  a  given  ratio,  with  one  of  its  angles  downwards,  it  is  re- 
quired to  determine  the  difi'erent  positions  in  which  it  will  float  in 
a  state  of  quiescence. 

Let  A  B  V,  in  the  annexed  engraving,  he  a  transverse  section  of 
the  prismatic  body,  floating  on  the  fluid  with  the  angle  A  V  B 
downwards,  and  let  the  straight  line  C  D  be  the  line  of  common 
intersection  of  the  plane  of  the  triangle  with  the  surface  of  the 
fluid,  or  that  which,  by  the  writers  on  mechanics,  has  been  called 
the  water-line. 

Then,  since  the  specific  gravity  of  the  fluid,  as  well  as  that  of 
the  floating  body  is  known,  the  area  of  the  triangle  C  D  V  is 
known,  being  to  that  of  the  triangle  A  B  V,  as  the  specific  gravity 
of  the  floating  body  is  to  that  of  the  fluid  on  which  it  floats. 

Let  the  floating  body  be  a  prism  of  fir,  of  which  the   specific 

*  The  plane  of  flotation,  is  the  horizontal  section  of  the  body,  coincident  with  the 
surface  of  the  fluid  ;  or  it  is  that  horizoutal  sectioQ  whith  .sej-arates  the  immersed  and 
emerged. portioDj'Of  the-body. 
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frravity,  as  comparoil  with  that  of  water  is,  as  11  to  20  ;  and  let 
tlie  side^i  of  tlie  transverse  trianiriilar  section  be  respectively  as 
follows  : — viz.,  A  B  ^  36-5  inches  ;  A  V  ^  ■H-2  inches  ;  and 
B\'  =  53-1  inches. 


Then,  since  the  prism  is  uniform  throughout  the  whole  length, 
the  weiglits  and  solidities  of  tlie  floating  body  and  the  immer- 
sed part  of  it,  will  be  truly  represented  by  the  areas  of  the 
triangles  ABV  and  CDV.  Now,  by  the  riiles  of  mensuration 
and  by  logarithms,  the  area  of  the  triangle  A  B  V  is  I'ouud  as 
follows. 

Side  B  V  =  531  Inches; 
Side  AV  -  44-2  inches , 
Side  AB  =    3li5  inches. 

,BV  +  AV+AB  =  l;'.as.  sum  of  the  sides  of  the  triangular  sect'nn  of  the  prism  ; 

J(BV+AV+AB)=     61  9.  half  sum  of  t  e  sides        ..         h.g.     1  ,s354.!>l 

la-8.  hjlf  sum  minus  H  V  ..         log.     l-l;i!'H;nl 

;;27,  half  sum  minus  A  V  ..         log.     l-3;')602"«9 

iiU'4,  half  sum  minus  A  B  ,,         log      l'4Sl'873(j 


log.     6-8(l42047,  Sum  ; 
Area  of  the  whole  triangle  ABV  —  7a,S  1S3  square  inches.  ,J  log.    2-9(121023,  J  Sum  ; 

and,  oonseipiently,  the  area  of  the  immersed  triangle  CDV,  being 
to  the  whole  area  as  11  to  20,  is 

20  :  11  ::  rOSlSS  :  439-00065  square  inches. 

Bisect  the  sides  of  the  triangles  A  B  and  C  1),  in  the  points  at  P 
and  P  ;  draw  V  F  and  V  P,  and  from  the  vertex  V,  set  off  V  G 
and  V  tj  respectively  equal  to  two-thirds  of  V  F  and  V  P  ;  then,  by 
mechanics,  G  is  the  position  of  tlie  centre  of  gravity  of  the 
triangle  ABV,  and  g,  tliat  of  the  triangle  CDV;  join  the  centres 
G  and  (/  by  the  straight  line  Gg;  then,  according  to  the  second 
condition  of  equilibrium,  Gg  is  a  vertical  line. 

Since  the  area  of  the  triangle  C  D  V  is  known,  the  horizontal  line 
C  D  touches  a  given  hyperbola  described  with  the  asymptoles  A  V 
and  B  V;  and  C  D  is  bisected  by  that  curve  in  P,  the  point  of  con- 
tact. Join  P  F,  then  P  F  is  parallel  to  G  g,  and  because  G^  is 
vertical,  P  F  is  also  vertical,  and  consequently  perpendicular  to 
C  D,  which  is  horizontal ;  it  is  likewise  perpendicular  to  the  hyper- 
bola Q  P  R  which  C  D  touches  in  P.  Therefore,  since  the  position 
of  the  point  F  is  known,  the  position  of  the  straight  line  P  F  can 
he  found  ;  and  for  each  perpendicular  thiit  can  be  drawn  to  the 
curve  of  the  hyperbola  from  the  point  F",  there  will  be  a  position 
in  which  the  prism,  whose  transverse  section  is  the  triangle  A  B  V, 
can  float  in  equilil)rio  with  the  verte.x  downwards;  .and  the  differ- 
ent positions  of  P  F  wliich  satisfy  the  conditions  of  equilibrium, 
may  be  determined,  either  by  the  solution  of  an  algebraic  equation 
of  the  fourth  degree;  or  geometrically,  by  the  intersection  of  two 
,  hyperbolas,  of  which  the  elements  of  construction  are  known. 

When  a  body,  floating  permanently  on  the  surface  of  a  fluid 
specifically  heavier  than  itself,  has  its  equilibrium  of  flotation  dis- 
turbed by  the  action  of  some  extraneous  force — that  is,  when  the 
centres  of  gravity  of  the  whole  floating  mass,  and  of  the  immersed 
part,  are  not  in  the  same  vertical  line ;  if  a  vertical  plane  be  made 
to  piiss  through  those  centres,  the  body  will  revolve  upon  an  axis 
perpendicular  to  that  plane,  and  pa.ssing  through  its  centre  of 
gravity;  for  when  the  impulse  communicated  to  a  body  is  in  a 
line  passing  through  its  centre  of  gravity,  all  the  parts  of  the 


body  move  forward  with  the  same  velocity,  and  in  lines  parallel 
to  the  direction  of  the  impulse  com-iunicated.  But  when  the  di- 
rection of  the  impulse  does  not  pass  through  the  centre  of  gravity, 
as  is  the  case  in  the  present  instance,  the  body  acipiires  a  rotation 
on  an  axis,  and  also  a  ])rogressive  motion,  by  which  the  centre  of 
gravity  is  carried  forward  in  the  same  straight  line,  and  with  the 
same  velocity,  as  if  the  direction  of  the  impulse  communicated 
had  actually  passed  through  the  centre  of  gravity ;  and  it  is  a 
curious  mechanical  fact,  that  the  rotatory  anil  ]irogressive  motions 
thus  cominunicateil,  are  wholly  indejiendent  of  one  another,  each 
being  the  same  in  itself  as  if  the  other  did  not  take  place. 

This  follows  from  the  general  mechanical  principle  or  law,  th<it 
the  quantity  of  motion  in  bodies  estimated  in  a  given  direction,  is 
not  afl^ected  or  changed  l)y  the  action  of  the  bodies  on  one  another. 
The  revolution  of  a  body  on  its  axis  is  produced  by  an  action  of 
this  kind,  and  therefore  it  can  neither  increase  nor  diminish  the 
progressive  motion  of  the  whole  m.ass  moved.  ^Vhen  a  single 
impulse  only  is  communicated  to  the  body,  the  axis  on  which  it 
begins  to  revolve  is  a  line  drawn  through  its  centre  of  gravity, 
and  perpendicular  to  the  plane  whicli  passes  through  that  centre 
and  the  direction  in  which  the  impulse  is  communicated. 

It  is  the  nature  of  some  floating  bodies,  when  their  eqiiilibrinm 
of  flotation  has  been  disturbed,  to  return  to  their  original  ])osition, 
after  making  a  few  oscillations  backwards  and  forwards,  upon  an 
axis  similar  to  that  above  alluded  to.  But  others,  again,  when 
thqjr  equilibrium  of  flotation  is  ever  so  little  disturbed,  do  not 
resume  their  original  position,  hut  continue  to  revolve  on  an  axis 
passing  through  their  centres  of  gravity,  until  they  attain  another 
position,  when  they  are  again  in  equilihrio.  In  the  former  case, 
the  equilibrium  is  s  said  to  be  stable,  and  in  the  latter  it  is  unstable, 
and  the  body  oversets. 

When  the  floating  body  is  made  to  revolve  from  the  position  of 
equilibrium,  by  the  action  of  some  external  force ;  if  the  line  of 
support'''  move,  so  as  to  be  on  the  same  side  of  the  line  of  pressure,f 
as  tliat  part  of  the  body,  which  becomes  depressed  below  the  surface 
of  the  fluid  in  consequence  of  the  inclination  from  the  state  of  equi- 
librium ;  then,  the  ei[uilibrium  is  stable,  and  the  body  will  restore 
itself;  that  is,  it  will  resume  the  position  which  it  occupied  before 
it  was  submitted  to  tlie  action  of  the  deflecting  force.  But  if  the 
line  of  buoyancy,  or  the  line  of  support,  be  on  the  same  side  of 
the  line  of  pressure,  as  the  emersed  or  elevated  part  of  the 
floating  body,  then  the  equilibrium  is  unstable,  and  the  body  will 
recede  farther  and  farther  from  its  original  position,  until  it  finally 
oversets. 

When  a  body  floats  upon  the  surface  of  a  fluid  specifically 
heavier  than  itself,  the  force  which  tends  to  make  the  body  revolve 
about  its  centre  of  gravity,  is  equal  to  the  weight  of  the  body, 
acting  on  a  lever,  the  length  of  wliich  is  equal  to  the  horizontal 
distance  between  the  line  of  pressure  and  the  line  of  buoyancy ; 
and  when  this  distance  vanishes,  that  is,  when  the  centres  of 
gravity  of  the  whole  body  and  the  immersed  part  of  it  are  in  the 
same  vertical  line,  the  force  tending  to  cause  the  body  to  revolve 
is  equal  to  nothing. 

When  the  floating  body  is  any  how  inclined  or  deflected  from 
the  position  of  equilibrium,  and  when  the  line  of  buoyancy  falls 
on  tlie  same  side  of  the  centre  of  gravity  of  the  whole  flo.iting 
mass,  as  that  part  of  the  body  which  becomes  depressed  below  the 
surface  of  the  fluid  in  consequence  of  the  deflection,  the  lever  by 
which  the  force  acts  is  said  to  he  affirmative,  and  the  force  tends 
to  establish  the  equilibrium,  or  to  restore  the  body  to  its  original 
position.  But  on  the  other  hand,  when  the  line  of  buoyancy  is  on 
the  same  side  of  the  centre  of  gravity  of  the  whole  body,  as  that 
part  of  it  which  becomes  elevated  aliove  the  surface  of  the  fluid  in 
consequence  of  the  deflection,  the  lever  by  which  the  force  acts,  is 
said  to  be  negative,  and  the  force  tends  to  overset  the  body. 

These  are  the  chief  principles  necessary  to  be  known  in  taking 
a  cursory  view  of  the  subject ;  and  we  shall  now  proceed  to  show 
in  what  manner  the  momentum  of  stiibility  is  to  be  calculated. 

Let  the  vertical  transverse  section  of  the  floating  body  be  uni- 
form, or  the  same  from  end  to  end  ;  then  put — 

«   =:   area  of  the  transverse  section  of  the  immersed  part  of  the  body  ; 
d   =  distance  between  centre  of  gravity  of  tlie  wln)le  and  immersed  part  ; 
/    =:  iensth  of  the  water-line,  or  the  base  of  tbe  immersed  section  ; 
(j>  z=  small  angle  of  incliuation  or  deliectjon  ; 
w  =  whole  weight  of  the  Soating  mass ; 
m  —  momenlum  of  stability. 

*  The  vertical  line  which  passes  through  the  centre  of  gravity  of  the  immersed  part  of 
the  floating  body,  is  called   "  the  line  of  buoyancy,"  or  '*  the  line  of  support." 

t  The  vertical  Hue  which  passes  through  the  centre  of  gravity  of  the  whole  floating 
mass,  is  called  "  the  line  of  pressure." 
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Then,  on  the  supposition  that  the  angle  of  deflection  is  very- 
small,  as  it  must  be  in  all  practical  cases,  the  momentum  of  the 
force  tendintr  to  restore  the  equilibrium  of  flotation  is,  by  the 
principles  of  mechanics, — 

m  =^    ( d]  w  sin  m. 

This  equation  is  general,  whatever  may  be  the  form  of  the 
floating  body  ;  but  the  subsidiary  calculations  are  more  intricate  in 
some  cases  than  in  others,  and  in  consequence,  the  formula  in 
those  cases  vvill  be  more  difficult  in  its  application,  and  the  labour 
will  be  much  more  tedious  and  irksome. 

By  attentively  examining  the  constitution  of  the  above  equation, 
there  are  certain  inferences  tliat  olfer  themselves,  which  it  may  be 
useful  to  specify.     They  are  as  under  : — 

P 

1.  If   the  first  term  of   the   parenthetical  expression be 

greater  than  the  second,  (/,  th«  leverage  is  affirmative,  and  the 
force  tends  to  restore  the  body  to  its  original  state. 

2.  When  the  two  parenthetical  terms  are  equal,  there  is  no  force 
tending  either  to  restore  or  destroy  the  equilibrium  ;  for,  in  that 
case,  the  momeijtum  is  nothing. 

3.  Mlien  the  first  of  the  parenthetical  terms  is  less  than  the 
second,  the  leverage  is  negative,  and  the  force  tends  to  destroy 
the  etiuilibrium  and  overset  the  body. 

4.  M'heu  tlie  weight  of  the  body  remains  constant,  the  stability 

d)  sin  (p. 

6.  When  the  centre  of  gravity  of  the  whole  floating  mass  is 
lower  than  the  centre  of  buoyancy,  or  that  of  the  part  immersed, 
the  term  d,  or  the  distance  between  the  centres  of  gravity,  is  nega- 
tive, and  the  whole  parenthetical  quantity    I  — d\  becomes 

affirmative;  a  circumstance  which  greatly  increases  the  stability 
of  flotation,  as  we  have  already  intimated. 

If,  in  the  vertical  line  passing  through  the  centre  of  gravity  of 
the  whole  body  and  that  of  the  immersed  portion,  there  be  taken 
a  point  distant  from  the  centre  of  buoyancy,  by  a  quantity  equal 

P 
to  ,    that  point  is  called  the  melacentre  by  naval  architects, 

because  it  must  always  be  situated  above  the  centre  of  gravity  of 
the  mass,  in  order  that  the  body  may  float  with  stability.  These 
things  being  premised,  we  shall  now  give  an  example  of  the  method 
of  calRllating  the  momentum  of  stability,  according  to  the  above 
formula  ;  and  if  the  process  be  well  considered  in  this  particular 
case,  there  can  be  little  difficulty  in  applying  the  same  principles 
to  similar  cases,  even  when  the  section  of  the  body  is  of  a  very 
different  form. 

Example. — In  the  prismatic  body  of  fir  formerly  mentioned,  and 
of  which  we  have  given  a  transverse  section,  the  length  of  the 
water-line  C  D  is  25'8  inches  ;  the  vertical  distance  G  </,  8'5  inches, 
and  the  whole  weight  of  the  floating  body  5,200  lb.  ;  what  is  the 
momentum  of  stability,  or  with  what  force  does  the  body  endea- 
vour to  restore  itself,  when  deflected  from  the  equilibrium  through 
an  angle  of  5  degrees. 

By  a  previous  calculation,  we  have  found  the  area  of  the  im- 
mersed triangular  section  to  be  439  square  inches,  omitting  the 
fraction  ;  hence,  by  the  formula,  we  have — 

/     25-83  \ 

Momentum  =  I  -— -—-  —  8-5  1  x  5200  X  sm  5°. 

\12  X  439  / 


,12  X  439 
The  length  of  the  water-lineis  25-8  in. 


log. 


1-4116197 
3 


25-8^=   17173-502  log.  4-2348591 

Area  of  the  immersed  section  =  439  sq.  in.  ar.  co.  log.  7-3575355 

Constant  number,  12     ar.  co.  log.  8-9208188 


Natural  number,  3-2599 

Consequently,    we  have   — 

'■  •'  12  X  a 


P 


25  8^ 


log.  0-5132134 
=  3-2599  ;    which, 


12  X  439 

being  less  than  the  term  d  =  8-5  inches,  the  third  inference  shows 
that  the  leverage  at  which  the  weight  of  the  body  acts  is  negative, 
and  the  force  tends  to  overset  it,  the  momentum  of  instability 
being  (  —  8-5  -|-  3-2599)  X  5200  X  0-08716  =  —  2374-981  pounds. 


FIRE-PROOF  BUILDINGS. 

The  advantages  of  building  our  dwellings  fire-proof  is  so  gene- 
rally acknowledged,  that  it  is  needless  to  say  a  word  in  its  favour; 
but  the  great  difficulty  in  the  way  has  been  the  expense  in  con- 
structing the  floors  and  ceilings.  To  Dr.  Fox,  of  Bristol,  are  we 
indebted  for  the  erection  of  buildings  that  are  fire-proof,  and  at 
the  same  time  quite  as  economical  as  the  ordinary  timber-built 
floors.  About  15  years  since.  Dr.  Fo.x  built  a  private  asylum  at 
Northwoods,  near  Bristol,  on  a  large  scale,  containing  no  less  than 
120  rooms.  Externally,  it  is  built  in  tlie  ordinary  way  with  brick- 
work, but  the  floors  are  constructed  as  shown  in  the  annexed  en- 
graving ;  and  in  order  to  make  our  description  practical,  we  shall 
describe  tlie  weight  and  size  of  the  bearers  as  adapted  to  one  of 
the  rooms  at  Nortliwoods.  The  floor  is  18  feet  by  13  feet ;  the 
joists,  which  are  placed  lengthwise,  are  of  cast-iron,  of  the  j,- 
shape,  and  are  3  inches  deep  at  the  bearings,  and  5^  inches  deep 
in  the  middle  ;  fths  of  an  inch  thick  at  the  bottom,  and  §  inch 
at  the  top.  The  depth  includes  the  flange  at  the  bottom,  which  is 
2^  inches  wide,  and  |ths  of  an  inch  thick,  on  the  underside.  Each 
joist  weighs  15g  lb.  per  foot,  and  they  are  placed  18  inches  apart. 
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Upon  the  flanges  are  laid  stout  fillets  of  wood,  about  1  inch  square, 
clove  out  of  short  ends  of  deals,  with  a  space  of  about  half  an  inch 
between  each  slip.  Upon  these  fillets  is  laid  a  thickness  of  coarse 
mortar,  portions  of  .which  pass  through  the  spaces,  and  form  a  key 
for  the  ceiling.  Uyon  the  coarse  mortar  is  placed  a  layer  of 
pugging  or  concrete,  and  finally  a  composition  composed  of  lime, 
ashes,  and  sand,  well  beaten  down,  and  trowelled  on  the  face. 
After  the  whole  has  become  tolerably  dry,  linseed  oil  is  rubbed 
over  the  surface,  which  renders  the  floor  perfectly  non-absorbent 
of  moisture.  The  ceiling  is  then  put  on  below — lirst  a  coating  of 
lime  and  hair,  tlien  a  floating  coat,  and  at  the  conclusion  the  set- 
ting coat.  AVhen  the  whole  has  stood  for  a  few  days,  the  floor 
forms  a  solid  mass,  and  is  very  stiff"  and  strong. 

Models,  showing  the  form  of  construction,  may  be  seen  at 
Messrs.  Fox  and  Barrett's  offices,  46,  Leicester-square. 

References  to  Engraving. 

a,  Plaster  Ceiling,  formed  in  the  orilinary  way. — d,  b,  &,  Cast-iron  Joists. 
c.  Strips  of  Wood,  Slate,  or  otlier  material,  with  narrow  spaces  between 
each. —  d,  a  coat  of  coarse  Mortar,  forming  a  bed  for  the  concrete  above, 
and  a  key  for  the  ceiling  below. — e.  Layer  of  concrete  or  pugging. — f  a 
facing  layer  of  composition,  forming  a  floor  of  great  hardness,  toughness, 
and  Uurabiliiy,  and  perfectly  fiee  from  absorption. 


Blasl-Furnaccs. — Remarkahle  Accident. —  At  one  of  our  blast-furnaces, 
blown  with  heated  air,  while  the  blast  was  shut  off  for  a  few  minutes,  as  is 
usual  after  casting,  an  explosion  took  place  inside  the  pipes,  which,  from  its 
effects,  we  consider  extraordinary.  In  the  pipes  immediately  outside  one  of 
the  stoves  for  heating  the  blast,  and  at  the  end  next  the  furnace,  is  a  stop, 
valve — a  circular  disc  of  cast-iron,  IJ  inch  thick,  and  \'2  inches  diameter, 
cutting  off  the  connection  between  a  line  of  cold-blast  pipes  and  the  hot-air 
pipes.  This  valve,  by  the  force  of  the  explosion,  was  literally  shattered. 
Several  of  the  joints  in  the  line  of  cold-blast  pipes,  with  which  the  breaking 
of  this  valve  opened  a  connection,  were  blown  out,  and  another  stop-valve, 
in  the  large  main,  at  a  distance  of  20  yards,  v\'as  also  broken  in  pieces  ; 
there  the  explosive  mixture  escaped  in  flame  at  the  waste.  The  furnace,  at 
the  same  time,  belched  out  a  great  quantity  of  the  materials  in  front.  Will 
any  of  your  scientific  correspondents  have  the  kindness  to  explain  the  nature 
of  the  explosive  compound  likely  to  be  formed  in  the  hot-air  pipes  ?  It  ap. 
pears  to  have  generated  in  the  furnace,  and  tired  by  the  pipes  of  the  stove 
being  red-hot,  which  they  very  soon  become  (if  the  fireman  is  at  all  care- 
less) when  the  blast  is  not  passing  through  them. — An  Old  Scbscribkb  : 
Merihyr  Tgduil,  Oct.  31. — iJechanics'  Magazine. 


360 


THE  CIVIL  EXGINEER  AND  ARCHITECT'S  JOURNAL. 


[^  Decembeb, 


HIGH-PRESSURE  STEAM  GENERATOR. 
Invented  by  J.  A.  Leon,  C.E. 

In  the  beifinninfr  of  this  century  the  tubular  boilers  of  Wonlf 
and  Riimfiird  were  used  for  generating  steam.  Soon  after  Trevi- 
tliick's  flued-hoilers  were  introduced,  it  was  found  that  metallic 
flues  surrounded  witli  water  were  more  effectual  than  tubes  tilled 
with  water,  and  surrounded  by  the  products  of  combustion.  Since, 
the  number  of  flues  in  a  boiler  increased  successively  until  they 
formed  SJ^e  multiflux  locomotive  boiler. 

Flued  boilers  ouirht  to  be  used  only  where  they  cannot  be 
avoided,  as  on  railways  or  for  navigation.  The  space  occupied  by 
the  flues  reduces  the  size  of  the  steam-chamber.  The  water  at  its 
maximum  height  covering  these  flues  only  a  few  inches,  does  not 
permit  the  use  of  the  float-stone,  the  best  water  indicator  on  sta- 
tionary boilers.  The  metallic  flues  are  sometimes  left  dry,  and 
burst.  Boilers  of  that  description  are  not  easily  cleaned,  free 
access  to  the  inside  being  almost  impossible;  the  result  of  such 
neglect,  if  it  causes  no  explosion,  it  increases  greatly  the  tear  and 
wear,  and  the  expense  of  extra  fuel  is  very  considerable. 

The  common  cylindrical  horizontal  boiler,  being  the  simplest,  the 
safest,  and  the  most  easily  cleaned,  ought  to  be  preferred  as  a  sta- 
tionary generator.  The  only  objection  against  its  use  was  its  small 
area  of  heating  surface ;  but  the  greatest  part  of  the  wasted  Iiot 
air  leaving  the  boiler  can  be  absorbed  before  reaching  the  chimney 
by  an  appendix  vessel,  containing  water  for  feeding  the  boiler. 

To  obviate  the  defective  method  of  cooling  the  cylinder  by  in- 
jecting cold  water  in  it.  Watt  condensed  the  steam  in  a  separate 
vessel.  Here,  in  place  of  injecting  cold  water,  mud  and  all,  into 
the  boiler,  this  compound  is  primitively  received  into  the  heater, 
where  the  water,  before  reaching  the  boiler,  deposits  its  insoluble 
matter,  and  acquires  an  elevated  temperature.  The  generator 
receiving  by  this  process  a  constant  supply  of  hot  water,  keeping 
the  steam  steady,  no  perturbation  is  felt,  as  when  injecting  cold 
water. 

This  heater  requires  no  extra  room:  its  place  is  below  the  boiler, 
and  behind  the  fire-grate  bridge,  a  space  commonly  fiUed  with  rub- 
bish. A  great  advantage  of  this  heater  is,  to  keep  the  supply  of 
water  in  almost  a  quiescent  state,  which  give^  the  efl"ectual  means 
of  obviating  the  evil  of  bad  water.  The  sediment  accumulates,  in 
one  or  more  heaps,  in  the  front  of  the  heater,  where  the  water 
happens  to  be  the  least  agitated.  Those  deposits  are  received  in 
some  recipients  placed  near  the  man-hole.  The  generator,  fed  with 
water  almost  clean,  is  no  more  liable  to  burn. 

Fig.  1. 
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Fig.  2. 

The  heater  is  comparatively  of  a  small  size.  In  the  engraving 
the  generator's  axis  has  26  feet,  its  diameter  4  feet,  while  the 
length  of  its  heater  is  only  14,  feet,  its  diameter  4  ft.  6  in.,  and, 
notwithstanding  this,  its  heating  surface  is  twice  as  much  as  the 
heating  surface  of  the  boiler  itself,  which  is  here  150  square  feet. 
In  reducing  the  300  square  feet  of  the  inner  and  outer  surface  of 
the  heater  to  120  square  feet  of  effective  heating  surface,  the  whole 
apparatus  has  150  and  120,  or  270  square  feet  of  heating  surface. 
This  divided  by  one  square  yard,  or  9  square  feet,  per  horse  power, 
will  prove  a  30-horse  power  for  the  capability  of  the  steam  gene- 


rator. Tlie  grate,  5  by  6  feet,  or  30  s'piare  feet,  harmonises  per- 
fectly witli  a  30-li(u-se  high-pressure  boiler. 

The  u])|)er  and  lower  brick  flues  are  very  large,  and  answer  for 
burning  all  kinds  of  combustible — vegetable,  as  well  as  mineral 
fuel. 

The  boiler  and  its  heater  are  screwed  and  cemented  together, 
when  set  on  the  furnace.  If  rivetted  together,  their  tran.sport  by 
land  and  sea  would  not  be  so  easy. 


Reference  to  Engravings* 
Fig.  1,   Longitudinal  section. — Fig.  2,  Top  view  of  Furnace  and  Boiler. — 

Fig.  3,  Vertical  section  through  line  1 — 2,  fig.  1. Fig.  4,  Vertical  section 

through  line  3 — 4,  fig.  1. 

A  A',  Cylindrical  boiler,  with  hemispherical  ends,  containing  only  the  steam- 
chamber,  and  the  water  to  generate  steam. 

B  B'  Horizontal  reservoir,  composed  of  two  concentrical  cylinders,  leaving 
an  annular  space  filled  with  water,  supplying  the  generator  A  A',  by 
means  of  the  short  vertical  pipes  b  b',  set  into  the  sockets  a  a' 

c  c,  Joint  bolts  fastening  A  to  B  with  curved  cramp-irons.  Th(r  annular 
space  between  b  b'  and  a  a'  is  filled  on  the  spot  with  iron  cement. 

d.  Damper,  with  pulley  d'  and  weight  d". 

e,  Stop-valve  betwixt  the  feed-pipe  e'  and  the  plunger-pipe  e". 

ff.  Two  erect  cast-iron  segments,  resting  upon  cast-iron  plates  Y,  on  the 
top  of  the  furnace.  On  those  curved  girders  the  boiler  A  A'  is  sus- 
pended liy  its  brackets  g.  with  holts,  pegs,  and  nuts,  g' ,  g",  g"' . 

h  h\  Main  steam-pipe  and  stop. valve. 

i,  Whistle  regulated  by  the  float  i',  to  give  the  alarm  when  the  water  falls 
below  its  minimum  level. 

i  i',  Man-holes  to  boiler  A  and  to  heater  B. 

t,  Safety-valve. 

m  m',  Gauge-cock  and  pipe-indicator  of  maximum  of  steam. 

n  n',  Ditto,  ditto,  of  minimum  of  water. 

0  o',  Discharge-cock  and  pipe  for  emptying  the  water  from  both  vessels,  A 
and  B,  and  for  filling  them  by  means  of  a  perpendicular  pipe  connect- 
ing o'  with  an  elevated  water-tank. 

p.  Passage  from  the  furnace-door  to  the  fire-grate  g. 

p',  Moveable  fire-mouth,  in  the  shape  of  an  arched-top  bayed  window, 
placed  in  the  fire  doorway,  its  narrow  part  inside  the  furnace,  for  burn- 
ing bundles  of  bagass,  or  dried  squeezed  sugar-cane  ;  each  bundle  is 
pressed  into  the  fire-mouth,  and  acts  I7  turns  as  a  furnace-door.  This 
sort  of  hopper  is  removed  when  wood  or  coal  is  used. 

Qf    Fire-grate. 

r,    Moveable  plate,  shifted  when  necessary  to  clean  the  flues. 

s,     Fire-hriiks  surrounding  the  sockets  a  a',  not  shown  in  tiie  engraving. 

t,     Two  fire-brick  lumps,  on  which  rests  the  heater  B. 

M,    Two  return  brick  flues,  joining  before  reaching  the  damper  d. 

V,    Interverted  arched  bridge. 

M>,  Partition  between  upper  leading  flue  x,  and  lower  return  flues  a. 

y,    Cast-iron  plates,  ou  which  are  placed  the  girders//'. 

z,    Ash-pit. 

*  We  are  indebted  for  tlie  drawings  to  a  worlf  timt  flir.  Leon   Is  about  publishing,  oa 
'*  Colonial  Macllioery  for  Alaoiifacturing  and  Retiniug  bugar." 
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GEORGE    STEPHENSON. 
fContinued  from  page  333.J 

VII.    STEPHENSON,    GRAY,    AND    JAMES. 

The  share  which  Stephenson  had  in  brinejinfr  railways  to  the 
height  at  whicli  they  now  are  has  been  much  foug-ht  about.  He 
has  been  named  the  "  Father  of  Railways"  by  many  of  his  friends  ; 
but  there  are  others  who  are  put  forward.  By  what  he  did  with 
the  locomotive  he  had  made  a  step  onwards,  and  tliis  he  followed 
up  by  tlie  Stockton  and  Darlington  Railway.  These  were  great 
works;  but  no  one  who  fairly  looks  at  it  can 'believe  that  to  George 
Stephenson  only  is  owing  our  wide  net-work  of  railways.  At  forty, 
Stephenson  was  hardly  more  than  a  working  man,  with  little 
weight  even  among  his  own  friends  ;  and  he  had  no  means,  had  he 
had  the  wish  of  moving  the  world  to  the  great  step,  thereby  the 
bounds  of  neighbourhood  were  to  be  widened,  tlie  furthest  shires 
of  England  and  Scotland  brought  within  a  few  hours  reacli,  and 
the  householders  of  London  and  of  Paris,  sundered  from  the  be- 
ginning of  the  world,  made  to  know  each  other  as  friends  and  as 
brothers.  He  had  his  share,  and  a  great  share,  but  no  more,  in 
this  mighty  stride  towards  the  fellowship  and  brotherhood  of  all 
mankind,  which  the  wise  of  old  have  sighed  for  and  dreamed  of, 
but  which  they  durst  never  hope  should  be  so  nearly  brouffht 
about.  3  a 

The  earth  has  this  year  taken  to  itself  Thomas  Gray,  as  well  as 
Stephenson,  so  that  each  can  be  as  fairly  brouglit  to  doom.  Had 
not  the  former  come  forward  while  living,  perhaps  his  name  would 
have  never  been  heard,  nor  would  he  have  been  called  the  "  Railway 
Pioneer."  It  seemed  hard,  however,  that  a  ijrey-headed  old  man, 
who,  m  his  youth,  had  seen  so  far  beyond  his  fellows,  should  be 
left  to  starve  in  the  sight  of  the  wonders  wliich  he  had  foretold. 
There  is  always  a  feeling  for  the  seer  who  ishajipy  in  his  bodings; 
more,  perhaps,  than  for  the  workman  who  has  slowly  wrought  out 
the  task  with  which  he  set  forth.  There  is  a  feeling  of  kindness, 
too,  for  one  who  has  wished  to  do  well,  and  on  wliom  good  luck 
has  not  smiled.  There  was  a  forbearance,  therefore,  in  searching 
into  what  Thomas  Gray  had  done,  and  meting  it  out  narrowly  by 
the  wand  of  truth,  yet  the  utmost  of  what  could  be  said  of  "him 
was,  that  he  was  one  of  those  who,  like  Sir  Richard  Phillips'  and 
others,  but  later,  had  laid  down  wliat  was  witliin  the  bounds  of 
skill  to  do.  ^V^hat  Thomas  Gray  wrote  and  spoke  in  1820,  hun- 
dreds had  said  when  Trevithick  run  his  first  steam-engine  on  the 
Merthyr  Railway  :  to  have  seen  his  engine  and  the  Croydon  tram- 
way was  enough ;  any  man  of  common  daring  would  foretell  the 
greater  speed  and  might  of  the  iron  horse,  wliicli  would  grow  with 
his  growth.  To  map  out  the  railways  as  Thomas  Gray  did  needed 
no  skill,  for  they  must  be  made  wliere  the  trade  already  flowed, 
and  not  over  the  highlands  of  Scotland,  the  wastes  of  Dartmoor 
or  the  heights  of  Snowdon.  That  Gray  did  good  in  writing  his 
book  no  one  will  gainsay,  for  it  awakened  others  to  tlie  worth  of 
railways,  so  far  as  it  went ;  but  others  did  the  same  work,  and 
others  did  still  more.  Trevithick,  Blenkinsop,  Wm.  Chapman, 
Blackett  of  Wylam,  and  George  Stephenson,  set  the  iron  Iiorse 
going,  others  laid  down  tramways:  in  1818,  R.  Stevenson,  of  Edin- 
burgh, wrote  for  a  great  railway  from  Edinburgli  ;  and  later,  \S/m.. 
James  brought  forward  his  great  railway  undertakings. 

On  February  11,  1800,  Mr.  Thomas,  of  Denton,  read  before  the 
Literary  and  Philosopliical  Society  of  Newcastle  a  paper,  styled 
"Observations  on  tlie  Propriety  of  introducing  Roads  on  the 
Principle  of  the  Coal  ^Vagon-ways,  for  the  General  Carriage  of 
Goods  &c.  This  is  the  first  proposition  that  we  know  of  for  a 
general  railway  system,  and  nearly  twenty  years  before  Gray's. 

In  1814.,  George  Stephenson  had  in  his  'm'ind's  eye  a  better  road 
and  a  greater  speed,  and  he  soon  brought  them  to  iiear;  the  others, 
each  in  their  way,  did  something ;  but  Tliomas  Gray  only  wrote 
as  Sir  Richard  Phillips  had  done.  By  writing.  Gray  might  have 
done  much,  had  he,  without  doing  anything,  only  shown  to  others 
something  new,  which  might  be  done  :  but  this' cannot  be  said  for 
him  ;  and  he  stands  as  a  writer  and  talker,  while  the  others  were 
doers. 

Not  so,  however,  with  William  James,  of  Warwick.  He  not 
only  saw  what  railways  could  do,  but  he  set  to  work  to  make  them. 
It  is  now  almost  forgotten  that  the  busy  time  of  1825  teemed  with 
railway  undertakings,  as  much  as  1835  or  1845.  Then  were  laid 
down  all  the  great  works,  wliich  have  since  been  made,  and  these, 
in  a  great  way,  through  the  earnestness  of  James.  The  Liverpool 
and  Manchester  Railway,  and  tlie  London  and  Birmingham  Rail- 

w',w?'^k'""''"'''!1^1'';;^'"  ,"?',"''".-'•  "*-'^'  "''■'^h  1^'°'"  Sir  Richard's  "  Mormng 
^r  Ri.S,?r  ■  P'"'''^5^f'"  '^'g'/""*  'i''*"'"^  q'-^'ea  by  tl,e  •■  Manchester  Examiner." 
sir  Kichard  was  an  upholder  of  Blenkinsop's  engine. 


way,  must  be  looked  upon  as  his  offspring ;  and  had  it  not  been  for 
his  unwearied  earnestness,  they  might  have  been  longer  put  off. 
As  it  is,  we  are  now  only  doing  in  1845  what  might  have  been  done 
in  1825  ;  and  in  the  outcry  against  railway  calls  and  works,  many 
railways,  the  want  of  which"  was  seen  in  184S,  will  not  be  made 
until  1855  or  1865.  We  hear  a  great  talk  about  mad-brained 
undertakings;  but  the  cool  looker-on  must  weep  to  see  how,  by  blind- 
ness, the  works  most  needful  for  the  good  of  England  are  hindered 
and  kept  back.  How  mueli  better  should  we  be  now  if  the  works 
laid  down  in  1825  had  then  been  begun  and  set  out !  All  that 
good  to  which  we  now  own  in  better  liusbandry,  cheaper  coal,  and 
quicker  trade,  would  now  have  reached  a  greater  height.  Had 
Brindley  or  Stephenson  been  listened  to  when  they  first  spoke  of 
canals  and  railways,  England  would  have  been  much  more  forward 
than  she  is,  and  s'till  more  a-head  of  other  lands.  We  may  still 
learn  from  wliat  has  gone  by,  but  it  does  not  seem  as  if  we  were 
willing  to  do  so. 

We  are  not  called  upon  to  search  why  James  did  not  fully  fol- 
low up  his  great  railway  undertakings,  nor  why  he  did  not  reap  a 
better  or  greater  reward.  Too  little  is  known  about  him  ;  his  life 
has  yet  to  be  written ;  and,  until  then,  we  cannot  coolly  settle 
whether  he  were  the  loser  by  the  carelessness  and  unthankful- 
ness  of  the  world,  or,  like  Trevithick,  by  his  own  want  of  steadi- 
ness. That  to  him  very  mucli  is  owing  ought  to  be  acknowledged  ; 
and  now,  that  death  does  not  hinder  us  from  speaking  freely,"  the 
works  of  James  are  likely  to  be  set  in  a  liigher  light.  By  George 
Stephenson  and  his  son  they  were  acknowledged  ;  and  the  latter 
took  the  lead  when  a  call  was  made  on  railway  shareholders  and 
engineers  for  the  widow  and  children  of  James,'  who  are  left  be- 
hind to' witness  his  works,  but  without  sharing  in  the  wealth  which 
they  have  yielded  to  others.  The  Stepliensons,  however,  after- 
wards withdrew,  and  the  subscription  fell  to  the  ground. 

William  James  laid  down  the  first  railway  of  any  length  in 
England,  the  Stratford  and  JNIoreton  Railway,-  finished  in  1821  ; 
the  London  and  Brighton  Railway,  %vhich  he  surveyed  in  1812.^ 
the  Liverpool  and  iManchester  Railway;*  the  Lon'don  and  Bir- 
mingham Railway  ;=  and  the  Canterbury  and  Whitstable  Railway." 
We  may,  without  any  very  great  wron'g,  belie\e  tliat  two  sucli  m'en 
as  Ralph  Dodd  and  VVilliam  James  must  have  done  much  in 
strengthening  the  mind,  and  awakening  the  hopes  of  George  Ste- 
phenson. The  former  had  a  share  in  fostering  the  steam-boat,  as 
well  as  the  locomotive  ;  his  engineering  works  were  daring.  James 
drew  the  outlines  of  our  great"  iron  roads.  The  former  was  un- 
timely in  his  end;  botli  unhappy  in  their  lives,  and  ever  beset  by 
iR-luck.  With  these  two  Stejihenson  was  in  fellowship  ;  but  hap'- 
pier  in  his  lot,  and  liappier  than  Trevithick,  in  whose  path  he  fol- 
lowed, and  carried  out  what  the  other  liad  left  undone.  It  is  not 
needful  now  to  say  anything  of  the  others'  ill-luck  ;  it  is  enough  to 
say  again,  that  the  root  of  Stephenson's  happiness  lay  within  him- 
self. He,  too,  had  a  struggle  with  the  world.  He  had  been  in 
want  of  work  and  bread  :  he  could  not  get  a  patent  for  his  first 
engine  ;  and  for  liis  next,  he  had  no  good  partner  in  Dodd ;  and 
with  his  safety  lamp  he  was  overshadowed  by  the  greater  name  of 
Davjr,  and  reaped  but  a  slender  reward.  He  was  laughed  at  by 
the  mighty,  and  set  down  as  a  quack  and  a  cheat ;  bul  he  looked 
more  to  himself  than  the  world,  and  he  overcame  it. 

It  must  be  borne  in  mind,  tliat  before  James  and  he  set 
about  the  Liverpool  and  iManchester  Railway,  Stephenson  had  set 
the  locomotive  going,  and  was  busy  on  the  Stockton  and  Darling- 
ton Railway.  Steplienson  was  reiuly  for  his  task  ;  but  the  strong 
hand  of  a  man  who  knew  the  world  well  must  have  been  a  great 
help  to  him,  and  the  time  was  most  smiling.  It  was  when  Pros- 
perity Robinson  had  fanned  the  flame  of  greediness ;  and  when  the 
fulness  of  wealth  sent  a  stream  of  English  gold  to  the  mines  of 
Brazil,  Mexico,  and  Peru.  Ten  years  before,  had  there  been  sueh» 
an  opening,  Stephenson  would  have  been  found  unready  for  it  : 
he  had  not  got  his  engine  in  full  work  ;  lie  knew  little  of  rail- 
ways ;  and  he  had  not  put  off  his  workman's  apron.  He  had 
neither  the  strength  nor  trust  within  him  ;  and  though  he  and 
Dodd  may  ha\e  talked  over  what  was  to  be  thereafter,  yet  the 
mind  of  Dodd,  daring  as  it  was,  does  not  seem  to  have  been 
avvakened  fully  to  what  was  to  do  greater  wonders,  and  bring 
greater  wealth  than  even  the  steamboat.  In  taking  a  share  with 
Stephenson  in  the  patent  for  the  locomotive,  Dodd  must  have  seen 
its  worth,  and  may  liave  looked  forward  to  its  becoming  the  iron 
horse,  which  it  ha's  been  fondly  named ;  but  he  did  not  feel  the 
time  come  to  ask  for  railways  all  over  the  land,  as  James  did,  m iio 

2  Ritchie  on  Railways,  p.  37.  a  Weale's  Ensamples  of  Railways,  p.  4. 

*  Ritchie  OD  Railways,  p.  238.  o  Bilchie  on  Railways,  p   238. 

*  Railways   of  Great  Britain,  by  Francis    Whishaw,   C.E.,— Art.   Canterbury   and 

Whitstable.  ' 
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was  a  I)usy  raihvay  ensrineer  bef(irc  he  knew  Stcplienson,  when  he 
helped  liiin  ti)  the  |>artnership  with  Losh,  and  for  which  James  had 
n  fourtli  siiare  of  tlio  patent.'  In  lK2t,  the  fulness  of  time  had 
come;  there  was  the  time,  and  there  were  the  men,  and  the 
start  was  made.  It  is  true,  that  all  which  mi^ht  then  Iiave 
been  done  was  not  done — but  tliere  was  a  beginning :  and  in 
1H35  Stephenson  had  shown  his  skill,  and  had  greater  weight 
and  name  in  the  world,  so  that  ho  could  push  railways  on — 
or  rather  Iiinder  them  fi-om  being  lost  sight  of,  as  they  might  liave 
been  even  then  ;  for  there  was  no  want  of  croakers — the  backers  of 
pnnals  were  loud  and  strong,  and  the  fear  of  railways  beset  all  the 
old  women  and  womanish  men  tliroughout  the  land. 

Of  the  two  men  who  have  been  named  witli  Stephenson — Trevi- 
thick  and  Dodd — it  has  never  been  shown  wliat  a  strange  likeness 
there  was  l)etween  them  in  many  things.  This  went  so  far,  that 
each  had  his  tunnel  under  the  Thames,  Trevithick  at  Rotherhithe, 
Dodd  at  Gravesend  ;  each  had  a  patent  for  the  locomotive  engine  ; 
each  left  Stephenson  to  reap  what  good  was  to  be  got  from  it. 
Dodd  well  knew  Trevithick's  works  ;  and,  when  Stephenson  and 
he  met  in  181.5,  they  must  have  talked  about  them  ;  but  Dodd  did 
not  feel  strojig  enough  to  set  up  as  a  great  railway-maker. 

VIII.    STOCKTON   AND  DARLINGTON   RAILWAY. 

The  Stockton  and  Darlington  railway  was  one  of  our  first  great 
railway  works,  but  it  is  that  as  to  which  the  least  has  been  written. 
Very  little  can  therefore  be  said  as  to  George  Stephenson's  share 
in  it ;  though  it  is  much  to  be  wished  we  knew  more  about  it,  that 
we  might  see  tlie  working  of  his  mind  in  his  early  undertaking. 
AV'hatever  Stephenson  undertook  was,  so  far  as  he  could,  tho- 
roughly done ;  and  he  was  always  seeking  for  the  best  way.  He 
therefore,  in  making  the  Stockton  and  Darlington  Railway, 
brought  into  use  many  things  which  were  quite  new. 

Nicholas  Wood,  who  could  best  have  done  it,  says  nothing  of 
the  Stockton  and  Darlington  Railway  in  his  book.'  Tredgold 
does  not  seem  to  have  seen  it,  though  he  names  it.*  Francis 
AV'hishaw,  in  the  "Analysis  of  Railways,"'"  often  names  the  Stock- 
ton and  Darlington  Railway,  and  s])eaks  about  it  at  length  in  his 
"Railways  of  Great  Britain.""  This,  however,  does  not  show  it 
as  it  first  was ;  and  an  eye-witness  like  Nicholas  Wood,  could  ha\e 
done  m\ich  for  us. 

We  have  sought  in  the  British  Museum,  without  finding  them, 
Thomas  Gray's  "  Observations  on  a  General  Iron  Railway;"  T.  C. 
Cummings'  "Account  of  Railways;"  Charles  Silvester's  "  Report;" 
and  Jose])h  Sandars's  "  Report."  Most  of  what  was  written 
between  1820  and  1S30,  on  the  Stockton  and  Darlington,  and 
Liverpool  and  Manchester  Railways,  is  not  to  be  found  in  the 
British  Museum,  as  such  things  were  not  thought  of  any  worth : 
had  they  been  a  few  sheets  about  a  Greek  play,  they  would  have 
liad  a  happier  lot. 

In  tliis  day  we  know  nothing  of  the  men  to  whom,  less  than 
thirty  years  ago,  we  were  beholden  for  bringing  forward  our  great 
railway  works.  Some,  as  Joseph  Sandars,  R(d)ert  William  Brand- 
ling, and  Henry  Bootli,  still  live;  but  many  have  sunk  to  the  grave, 
unknown  and  unthanked.  Two  books  are  wanted  before  it  is  too 
late  to  learn  all  the  truth, — the  History  of  Railways,  and  the  Lives 
of  Engineers.  There  are  lives  of  ])oets,  painters,  doctors,  and  law- 
yers, but  not  of  engineers,  beyond  Smeaton,  Brindley,  Watt,  and 
Telford.  Stuart  has  done  the  most  in  his  "  Anecdotes  of  the 
Steam-engine."  The  Institution  of  Civil  Engineers  gives  medals 
for  the  lives  of  Trevithick,  and  others;  but  no  one  asks  for  them. 
George  Stephenson  will  not  be  forgotten  by  them ;  and,  before  the 
Institiition  of  Mechanical  Engineers,  a  life  of  him  was  read  by 
John  Scott  Russell. 

Stephenson  was  about  forty  when  he  was  first  called  on  to  be 
.engineer  to  the  Stockton  and  Darlington  Railway.  This  could 
hardly  1)0  named  as  more  than  a  tramway  ;  and,  although  travellers 
were  carried  by  coach,  it  was  only  a  coal  line,  made  to  draw  the 
coals  from  the  pits  in  South  Durham.  Some  of  these  pits  belonged 
to  Messrs.  Pease  and  Backhouse,  members  of  the  Society  of 
Friends,  and  powerful  bankers. 

The  Messrs.  Pease  were  partners  as  bankers  with  the  Liddells, 
the  owners  of  Killingworth  Pit ;  and  this,  perhaps,  led  to  George 
Stejihenson  being  named  as  engineer,  so  far  away  from  his  own 
neiglibourhood.  The  Messrs.  Pease  thought  so  highly  of  Stephen- 
son, that  they  afterwards  found  the  money  for  a  locomotive  work- 
shop, now  known  as  that  of  Robert  Stephenson  and  Co.,  of  New- 
castle. Tlie  brothers  and  their  children  henceforth  took  a  great 
share  in  railways,  not  only  in  the  north,  but  likewise  in  the  mid- 
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land,  and  they  are  still  great  holders  in  the  northern  lines. 
Joseph  Pease  was  a  very  great  holder  in  the  London  and  Birmint>-- 
ham,  in  the  Mancliester  and  Leeds,  and  otliers  of  Stephenson's 
railways.  Joseph  Pease,  his  nephew,  formerly  M.P.  for  South 
Durham,  is  now  treasurer  and  deputy-chairman  of  the  Stockton 
and  Darlington  Railway,  and  treasurer  of  the  Great  North  of 
England,  the  Wear  Valiey,  and  the  Middlesborough  and  Redcar 
Railways.'-  Josej)]!  Robinson  Pease  is  deputy  chairman  of  the 
Hull  and  Selby  Railway.  John  Pease  and  Ilem-y  Pease  are  direc- 
tors of  the  Stockton  and  Darlington  iind  other  neighbouring 
railways. 

The  Backhouses  are  no  longer  on  the  Board  of  the  Stockton 
and  Darlington  Railway,  hut  Edward  Backliouse  is  a  director  of, 
the  Durham  and  Sunderland  Raihvay;  and  John  Church  Backhouse 
of  the  Great  North  of  England  Railway. '  = 

The  Meynells,  of  Yarm,  took  likewise  a  busy  share  in  the 
Stockton  and  Darlington  Railway,  as  did  the  Hobarts  of  Etherly 
Pit.     Both  are  still  directors. 

The  main  line  was  only  twenty-two  miles  long,  and  was  to  ship 
coals  from  the  dale  of  the  Tees,  between  Darling^ton  and  Stock- 
ton. The  money  to  he  raised  was  only  about  a  hundred  thousand 
pounds,  and  the  Act  was  got  in  18'-21.  The  works  most  likely  began 
in  the  next  year.  The  first  line  was  from  from  W^itto'n-park 
colliery,  to  Stockton-on-Tees,  and  the  money  to  be  raised  by 
shares  was  82,000/.,  and  by  loan,  20,0001.  This  was  then  thought 
a  great  deal  to  be  raised  by  the  Peases,  Liddells,  and  Backhouses, 
who  had  it  mostly  on  their  own  hands.  In  1H48,''  the  shares 
were  275,000/.,  and  the  loans  170,000/.;  and  the  shareholders  leased 
at  G  per  cent,  the  ^Vear  Valley  Railway,  which  cost  140,000/.;  and 
the  Middlesborough  ami  Redcar,  which  cost  70,000/..  The  earliest 
dividend  on  the  shares  of  the  Stockton  and  Darlington  Railway 
was  4  per  cent. ;  this  rose  to  11  percent.,  and  afterwards  to  14  per 
cent. ;  but  it  was  lowered  to  10  per  cent.,  and  4  per  cent,  put  by 
as  a  sinking  fund.  These  shares  do  not  come  into  the  market 
now,  but  have  been  sold  for  more  than  2(j0/.  for  a  hundred  pound 
share.  They  are  now  in  a  few  hands  ;  and  .Mr.  Tuck  says,  "  The 
directors  refuse  to  publish  any  accounts  whatever." 

The  gauge  of  this  railway  vvas  4  ft.  8^  in.,  what  is  now  named 
the  narrow  or  national  gauge,  which  had  been  taken  up  as  the 
common  width  of  wagon-wheels.  The  rails  were  at  first  28  lb.  to 
the  yard."'  These  were  afterwards  made  35  lb.,  and  at  length, 
64  lb.  They  were  fish-bellied,"^  on  Jessop's  plan,  which  was  then 
held  better  than  parallel  rails.  Stephenson  was  in  favour  of 
wrouglit-iron  rails,  and  of  Mr.  Birkenshaw's  system,  as  is  shown 
by  a  well- written  report  given  in  "Wood  on  Railroads, ' '  and  one  of 
his  earliest  writings,  printed  after  that  on  the  safety  lamp,  here- 
tofore named.  In  this,'^  he  speaks  of  the  non-rusting  of  wrought- 
iron  rails  when  kept  in  work,  and  of  the  rusting  of  unused 
wrought-iron  rails  laid  alongside  ;  but  he  gives  no  good  reason  for 
this.  He  thinks  that  there  is  a  change  in  the  chemical  condition 
of  the  surface  of  the  rail.  The  rails  were  laid  under  the  patent 
taken  out  with  Mr.  Losh,  in  1816;""  but  Nicholas  Wood  thought 
that  the  chair  might  be  so  made  as  to  get  rid  of  the  jolting  where 
the  chairs  were  pinned  together.  This  was,  in  1829,  done  under  a 
patent  of  Messrs.  Losh,  Wilson,  and  Bell. 

Part  of  the  rails  were  laid  down  on  square  blocks  of  wood,°° 
and  part  on  stone  blocks.  Nicholas  W^ood'^'  wrote  recommending 
the  latter.  Stephenson,  perhaps,  wished  to  get  a  smoother  road 
for  the  sake  of  his  engines,  v.hich  had  been  one  of  his  ends  in  his 
patent  with  Losh.  'I'he  old  way  of  setting  the  blocks  was  by 
mallets  and  shovels,  beating  the  blocks  till  they  came  to  the  right 
level ;  but  Stephenson  set  up  another  way,  which  is  that  now  fol- 
lowed. He  had  a  portable  lever,  about  twenty  feet  long,  which 
lifted  up  the  block  by  the  short  end,  about  a  foot  high ;  and  by 
letting  it  fall  several  times  upon  the  coating  of  the  road  in  the 
intended  seat,  throwing  at  the  same  time  gravel  or  fine  sand  under 
it,  made  a  solid  bed  for  it.  It  is  then  set  to  its  right  level, 
both  lengthwise  and  crosswise,  by  squares  and  sights. -- 

Tlie  line  was  fenced  with  hedge-rows  over  a  greater  part,  which 
was  then  rather  a  new  kind  of  fencing.-" 
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The  engines  are  said,  by  Francis  MTiishaw,  who  had  seen  many 
of  the  old  ones,  to  be  "ponderous  and  clumsy,  but  still  powerful."-^ 
Many  of  the  old  ones  were  on  the  line"  in  1837.  The  Lord 
Brougham  was  16  feet  long,  with  six  wheels  ;  each  three  being  con- 
nected by  cranks.  The  engine-driver  rang  a  bell  on  coming  near 
a  station.  About  1836,  the  steam-whistle  came  into  use  for  the 
passenger-engines ;  but  the  bell  was  used  for  the  coal-engines.^^ 
Whishaw  thought  that  it  was  better  to  have  several  kinds  of 
signals,  rather  tlian  the  steam-whistle  only. 

Level  road-crossings  were  then  tliought  to  be  without  any  harm  ; 
and  therefore  there  were  fifteen  on  the  Stockton  and  Darlington 
line.2'=  This  kind  of  crossing  was,  as  is  known,  afterwards  put  a 
stop  to  by  law,  but  is  now  sometimes  allowed.  In  1839  there 
were  no  gates  on  the  line,  but  merely  signal-posts,  with  the  word 
"  Signal." 

In  1823  and  1821,  further  acts  of  parliament  were  got ;  and  the 
Company  were  allowed  to  run  locomotives  and  carry  passengers. 
On  the  17th  of  September,  1825,  the  line  was  opened.'^'  Stephen- 
son now  tried  on  a  large  scale,  on  the  Hagger  Leases  branch  of 
the  Stockton  and  Darlington  Railway,  his  locomotives,  which  were 
thought  to  be  \ery  successful.  By  this  time,  the  'W'ylam,  Ivilling- 
>vorth,  and  Hetton  tramways  were  worked  by  steam-power. 

The  gradients  on  the  Stockton  and  Darlington  Railway  are 
mostly  steep,  1  in  128,  204.,  233,  and  427.  The  line  rises  from 
Stockton ;  and  was  worked  by  stationary  engines  at  the  inclines, 
which  are  1  in  30,  32,  33,  and  lOl.^s  jhe  length  of  the  main 
line  is  2J  miles,  but  the  whole  length  is  now  55  miles  5  furlongs;^'' 
and  there  are  eight  passenger  and  goods  stations.  Tlie  whole  cost 
per  mile  is  now   9,000/.     1,064  persons  are  employed  on  the  line. 

Passengers  were  first  carried  in  stage  coaches,  drawn  by  horses  ; 
and  it  was  some  time  before  the  locomotive  was  brought  into  play, 
wliile  the  speed  was  low.  In  1837,  Whishaw  found  the  speed  of 
the  passenger-trains  only  12  miles  perhour.""  As  this  was  mostly 
a  coal  line,  it  will  be  seen  that  the  speed  of  the  locomotive  would 
never  have  been  brouglit  out  here,  although  its  power  was  fully 
tried  by  Stephenson  and  Nicholas  AV^ood. 

Whishaw  does  not  th.ink  that  the  earthworks  are  heavy,  nor  does 
he  name  any  great  work.  Some  of  the  curves  on  the  main  line  are 
sharp,  being  much  under  a  radius  of  a  quarter  of  a  mile.  There 
are  thirteen  bridges  under,  and  eleven  bridges  over,  the  main  line. 
The  slopes  of  some  of  the  embankments  towards  the  top  of  the 
line  are  planted  with  firs."     The  line  is  ballasted  with  small  coal. 

This  is  named  as  the  first  line  on  which  houses  for  the  workmen 
were  built  on  the  side  of  the  railway,'*-  and  Whishaw  foresaw  that 
it  would  be  followed  elsewhere.  The  end  for  wliich  these  cots 
were  built  was  to  keep  the  waymen  and  other  workmen  near  their 
work,  and  away  from  the  ale-house. 

In  1839,  there  were  5,000  coal-wagons  at  work  on  the  line.'^ 
At  that  time,  there  were  thirty  engines,  \'ery  few  of  which  were  by 
the  Stephensons,  some  were  by  timothy  Hackwortb,  of  Shildon, 
by  the  Kitchens  of  Darlington,  now  directors  of  the  line,  and  the 
Hawthorns.  The  works  of  Timothy  Hackwortb  are  at  Shildon, 
on  the  line ;  and  thus  he  was  stimulated  to  tlie  Liverpool  and  Man- 
chester struggle  by  seeing  the  engines  of  Stephenson  running  on 
the  line  before  him.  At  Shildon  are  likewise  the  engine  work- 
shops of  the  Stockton  and  Darlington  Railway. 

The  tenders  were  two  waterbutts  set  on  "a  wagon  frame,  and 
holding  together  1,200  gallons  of  water.  Beside"  them  was  the 
c«ke  or  coal  for  the  engines.  The  whole  mounted  on  four 
wheels.^^  This  was  the  rough  beginning  of  the  tender.  Coal 
was  burned  in  the  coal-eugines,  and  coal  and  coke,  mixed,  in  the 
passenger-engines.  The  coke  was  made  at  St.  Helen's  pit,  on  the 
line,  and  was  coked  for  eight-and-forty  hours.  The  cost  was  10». 
per  ton. 

In  the  year  ending  the  30th  of  June,  1847,  the  gross  receipts 
were  113,922/.  for  the  Stockton  and  Darlington,  and  Bishop  Auck- 
land and  Weardale  Railways.^=  Of  this,  16,115/.  was  for  passen- 
gers, 71,842/.  for  coals,  21,439/.  for  goods,  and  3,030/.  for  lime  and 
stone.  The  number  of  travellers  was  428,5] 4.  Of  these,  it  is 
said,  33,222  were  by  horse-coaches  (showing  that  some  still  ran  on 
the  line),  and  1,840  by  coal-trains.  Each  passenger  travels  aoout 
6i  miles,  and  pays  about  tenpence  as  a  fare.  911,635  tons,  or 
nearly  a  million  of  tons  of  coals  are  carried,  showing  how  great  is 
the  yield  of  the  coal  field.     The  number   of  tons  of   goods   is 
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125,883.  It  may  safely  be  said,  that  no  such  number  was  carried 
before  the  railway  was  opened.  The  number  of  tons  of  lime  and 
stone  is  89,540,  which  likewise  shows  a  great  trade,  and  which  is 
much  beyond  what  it  formerly  was.  The  cattle  carried  are  few ; 
1,878  beasts,  2,121  sheep,  and  258  swine.     557/.  is  paid  for  parcels. 

While  the  works  were  going  on,  Stephenson  was  beset  in  the 
"Newcastle  Magazine,"3<i  by  Mr.  B.  Thompson,  of  Ayton  Banks, 
who  wished  to  show  that  locomotive-engines  would  never  pay,  and 
that  Stephenson  had  reckoned  wrongly.  Thompson  said  that 
locomotives  were  not  equal  to  horses. 

He  further  said,  that  tlie  breaking  of  rails  at  Killingworth  was 
very  great,  and  that  horses  were  used  to  help  the  engines  on.  If 
steam  were  to  be  used,  he  thought  stationary  engines  better  than 
locomotives. 

Mr.  B.  Thompson  was  the  maker  of  a  new  kind  of  rail,"  which 
was  tried  on  the  Brunton  and  Shields  Railway,  but  was  not  found 
to  answer.  It  was  something  like  Stephenson's,  but  the  rail  was 
fastened  to  the  chair  by  a  screw  bolt. 

Nicholas  Wood  took'  tlie  side  of  Stephenson,— said  that  Thomp- 
son's tale  about  the  rails  and  horses  was  untrue,  and  gave  other 
reckonings  to  show  that  Thompson  had  made  the  cost  of  the 
locomotives  too  much. 

This  Thompson  answered;  and  a  paper  war  went  on,  in  which 
Thompson  laid  against  Nicholas  Wood,  that  he  had  made  many 
mistakes  as  to  horse-power  and  so  forth.  ^V^ood  seems  to  have 
had  the  better  of  the  fight. 

These  were  among  the  early  writings  of  Nicholas  Wood,  and  in 
all  likelihood  led  to  the  work' on  railways,  written  by  him  in  1825, 
and  in  which,  as  is  well  known,  he  held  'forth  that  it  was  wrong  to 
look  for  a  speed  of  ten  miles  an  hour.  ^V'ood  does  not  seem  to 
have  had  at  first  a  very  ready  belief  in  Stephenson,  either  in  this  or 
in  the  Safety  Lamp  ;  but  he  has  lived  long  enough  to  find  Stephen- 
son in  the  right,  and  to  be  himself  the  maker  of  the  Brandling 
Junction  Railway,  which  was  mostly  done  by  the  means  of  Robert 
^Villiam  Brandling,  already  named  as  an  old'  friend  of  Stephenson, 
and  likewise  as  the  maker  of  a  Safety  Lamp.  Another  great 
work  done  by  a  single  hand  in  the  north,  is  Sunderland-bridge, 
built  in  1790  by  Rowland  Burdon.  This,  and  the  Brandling  Junc- 
tion Railway,  show  the  boldness  of  the  Northumbrians. 

Stephenson  may  be  looked  upon  as  one  of  the  makers  of  Nicho- 
las Wood's  book  on  railways,  for  he  made  all  that  belongs  to 
locomotive-engines,  and  on  the  Stockton  and  Darlington  Railway, 
he  had  set  forth  the  best  way  of  making  railways.  This  is  the  first 
great  book  on  railways,  and  which  set  Tredgold  writing.  "V^^ood 
gives  a  report  by  Stephenson,  and  acknowledges  his  help  in  the 
experiments  to  discover  the  precise  amount  of  resistance  opposed 
to  the  motion  of  carriages  on  railways,  and  the  resistance  to 
different  forms  of  carriages.aa  These,  undertaken  seven  years 
before,  show  how  careful  Wood  liad  been  in  getting  his  book  up. 
The  book  is  worth  the  more,  from  George  Stephenson's  share  in  it. 

Wood  must  have  been  of  great  help  to  Stephenson  many  other 
times  besides  this  ;  and  his  reading  and  mathematical  knowledge 
must  have  stood  Stephenson  in  good  stead.  It  is  said">  that  the 
Rev.  ^Villiam  Turner,  of  Newcastle,  was  a  great  helper  of  Ste- 
phenson with  books,  with  instruments,  and  advice. 

As  an  end  to  this  long  tale  about  the  Stockton  and  Darlington 
Railway,  it  may  be  said  that  the  manager  is  now  Mv.  George  Ste- 
phenson, nephew  of  the  engineer,  so  that  the  name  is  still  kept  up. 
It  is  hoped,  however,  that  some  more  lasting  remembrance  of  the 
great  man  will  be  set  up  on  this  first  of  his  railway  works.  Mr. 
Meynell,  of  Yarm,""  who  laid  the  first  rail  at  Stockton-on-Tees, 
is  still  a  director,  and  should  not  let  his  old  friend  be  forgotten. 

IX.   LOCOMOTIVE   FACTORY. 

Before  1825  Stephenson  laid  down  the  Stockton  and  Darlington, 
Hetton  and  Springwell  Railways,  and  set  the  locomotive  at  work 
on  them.  He  had  now  two  learners  under  him,  his  sou  Robert, 
born  in  ]  803,  and  Ijrought  up  at  Newcastle  and  Edinburgh  ;  and 
Joseph  Locke,  born  in  1805,  at  Atterclifi'e,  near  Shefl[ield,  and 
brought  up  at  Barnsley  Grammar  School.  The  latter  laid  out  the 
Springwell  tramway,  from  Springwell  to  Jarrow,*'  which  is  said 
to  be  a  good  work. 

Both  Robert  Stephenson  and  Locke  are  now  members  of  the 
House  of  Commons ;  the  former  a  Knight  of  Leopold,  and  the  lat- 
ter of  the  Legion  of  Honour.  These  were  the  first  offspring  of 
what  has  since  been   found    a  great  school    of  engineering.     By 

3  6  Newcastle  Magazine,  vol.  1. 

3  7  Ritchie,  on  Railways,  p.  32,  where  there  is  a  drawing. 

3  8  Wood,  on  Railroads,  1st  edition,  p.  175. 

3  9  Gateshead  Observer.  4o  Gateshead  Observer,  August  19,  1S43. 

*  1  Gateshead  Observer,  Aug.  19,  184S. 
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Georpre  Stephenson  were  made  the  railways  of  the  north-east,  hy 
Hubert  Stejihenson  those  of  the  south-east,  and  hy  Locke  those  of 
tlie  wi'st,  fnim  Suntlianipton  to  Glasgow,  loaviiii;:  only  one  i^roat 
sliare  for  Hninel.  Therefore,  to  the  throe  named  do  we  owe  most 
(if  our  railways.  At  IJirniinifhani  their  works  meet ;  and  here,  some 
day,  will  he  a  fittinf^  seat  for  scune  remembrance  of  the  three. 

Locke  was  of  great  help  to  (ieorfre  Stejilienson,  and  most  in  the 
answer  to  the  report  of  Walker  and  Rastrick.  After  the  Livor- 
]»>ol  and  Manchester  was  done,  Locke  undertook  works  of  his  own, 
wliicli  was  not  taken  well  by  Stephenson. 

In  1S94  there  were  two  great  things  in  George  Stephenson's 
life — the  setting  up  of  the  Locomotive  Factory,  and  his  being 
named  as  engineer  of  the  Liverpool  and  Manchester  Railway. 

It  has  been  already  seen  how  he  became  known  to  the  Messrs. 
Pease,  of  Darlington  ;  and  they  set  up  tlie  factory  at  Newcastle, 
for  the  building  of  locomotive  engines,  of  wliicli  there  was  now 
some  want.  Messrs.  Murray,  Fenton,  and  AVood,  seem  to  have 
been  builders  of  engines  then.''-  Mr.  Michael  Longridge  had  a 
share  in  the  new  factory;  and  afterwards  Robert  Stephenson.^-'  It 
was  first  known  as  the  factory  of  George  Stephenson  and  Co.,  and 
afterwards  of  Robert  Stephenson  and  Co.  It  still  flourishes,  under 
tlie  care  of  Mr.  Hutchinson. 

The  first  locomotive  used  on  the  Stockton  and  Darlington  Rail- 
way was  built  by  George  Stephenson,  and,  we  believe,  at  the  New- 
castle factory.  This  was  the  first  locomotive  used  for  drawing 
passengers  on  a  railway,  wliich  it  did  in  1825,  and  is  said  to  be 
still  in  being.  In  1846  it  was  decked  out,  and  brought  forth  to 
head  the  train  at  the  opening  of  the  Middlesborougli  and  Redcar 
Railway,  so  that  it  has  had  a  busy  life  for  a  locomotive.  It  is  a 
shame  to  us  that  there  is  no  English  museum  for  such  things,  or  it 
might  be  as  proudly  kept  as  we  are  told  that  of  Cugnot  is,  in  the 
Conxenmfdire  des  Arts  et  Mttierx,  at  Paris. 

From  the  Newcastle  factory  have  been  sent  forth  engines  for  the 
old  world  and  the  new ;  and  there  is  hardly  a  land  on  the  railways 
of  which  Steplienson's  locomotives  will  not  be  found.  From  his 
great  name,  these  locomotives  were  much  sought  for  on  the  open- 
ing of  railways  abroad,  and  from  them  the  French,  Flemings,  and 
High  Dutch  learned  to  make  locomotives. 

Up  to  1840,  above  two  hundred  and  fifty  of  these  engines  had 
been  sent  forth,  and  as  the  price  was  then  high,  it  will  be  seen  how 
much  money  must  have  come  into  the  hands  of  the  makers. 
Whether  in  railways  or  in  the  factory,  tlie  Messrs.  Pease  had  no 
need  to  sorrow  for  anything  they  did  with  Stephenson;  vvliereas 
few  had  anything  to  do  with  the  other  great  lights  of  engineering 
without  making  up  their  minds  never  to  see  them  again.  The 
lovers  of  knowledge  may  overlook  the  wanderings  of  great  men,— 
they  may  look  to  their  heads,  and  not  to  their  hearts;  but  when 
the  trust  of  men  of  business  has  been  once  broken  it  can  never  be 
made  whole.  The  earnings  of  a  good  undertaking  are  a  fair 
ground  for  doing  something  greater, — they  are  looked  upon  as  an 
earnest ;  even  where  there  is  a  loss,  it  is  fairly  looked  upon  ;  but  a 
breach  of  trust  is  never  thought  of  but  with  sorrow. 

The  Rocket,  the  winner  of  the  500/.  on  the  Li\erpool  and  Man- 
chester, was  built  at  Newcastle,  and  gave  a  great  name  to  the  fac- 
tory, so  that  orders  poured  in  from  abroad. 

Stephenson  most  prided  himself  that  Brunei  had  had  to  make 
use  of  his  engines.  If  in  anything  Stephenson  showed  a  littleness 
of  feeling,  it  was  about  Brunei.  He  was  too  much  given  to  do  as 
others  did  about  him,  to  look  upon  railways  and  engines  as  belong- 
ing to  himself  alone,  and  that  no  one  else  had  a  right  to  meddle  with 
tliem.  He  had  so  often  had  to  fight  for  his  railways  and  engines, 
that  he  miglit  well  have  a  fondness  for  tliem,  and  think  he  was 
made  up  with  them  ;  having,  from  1820  to  1830,  to  meet  the  utmost 
opposition,  not  only  from  such  men  as  Mr.  li.  Thompson  and  JNIr. 
Francis  Giles,"  but  likewise  of  such  as  Mr.  James  Walker,  and 
Mr.  J.  U.  Rastrick.  Forgetting  that  he  himself  was  the  follower 
of  Trevithick,  Jessop,  and  C'ha])man, — the  helpmate  of  James,  Bir- 
kenshaw,  Booth,  and  others,  he  could  not  bear  co(jlly  anytliing 
which  was  not  of  his  school.  He  never  forgave  Brunei  for  taking 
another  gauge,  although  the  narrow  g.auge  was  not  set  up  by  him- 
self, but  found  by  liini  already  set  up.  In  the  speech  at  Tamworth 
tliis  soreness  breaks  out  strongly,  and  he  gives  way  to  very  coarse 
words.  He  said  of  the  atmos])heric  railway,  that  he  had  never 
been  to  look  on  it,  "  because  I  consider  it  hum1)ug  from  begin- 
ning to   end But  it    is    not    the    only   huml)ug.      The  broad 

gauge  is  another  misconception,  as  erroneous  as  the  system  of 
the  atmospheric  railway,  only  they  Iiave  got  my  engines  to  carry 
them  through."  If  we  wished  to  draw  George  Steithenson  as  any- 
thing but  what  he  was  in  truth,  we  should  be  very  glad  to  leave 

42  Newtaslle  lUayazfne,  Vol.  I.  43  Galeahead  Observer,   Aug.  ly,  lrf4ti. 

44  \\bi3haw's  RaiUays  of  Great  Britain. 


out  all  this,  for  it  shows  an  utter  want  of  right  feeling,  and  an 
utter  forgetfulness  of  liis  own  early  life.  The  atmospheric  rail- 
w;ty  or  the  broad  gauge  were  as  well  wortb  trying  as  tlie  two- 
cylinder  locomotive  or  tiiliular  boiler ;  they  held  forth  something 
which  might  be  done,  and  it  is  yet  to  be  seen  whetlier  they  are  so 
far  behind  as  Stephenson  says.  The  locomotive  was  twenty  years 
old  before  Stephenson  got  it  to  draw  passengers  on  the  Stockton 
and  Darlington ;  and  it  has  not  yet  received  its  full  might,  after 
four-and-forty  years  since  it  was  first  set  going  hy  Trevithick. 

At  the  Trent  Valley  opening  there  was  no  call  for  tliis  show  of 
ill-feeling  on  the  behalf  of  Stephenson,  which  makes  it  tlie  worse. 
He  goes  on  to  say,  "  The  Great  Western  Railway  began  with  en- 
gines differing  as  much  as  jiossible  from  mine.  They  put  tlie  boiler 
on  one  carriage  and  the  engine  on  another ;  they  had  the  wheels 
ten  feet  in  diameter,  and  were  determined  to  go  one  hundred  miles 
an  hour;  but  what  became  of  these  engines?  They  retpiired 
porters  to  help  them  out  of  the  station,  and  they  were  obliged  to 
call  the  North  Star,  which  I  had  sent  them  from  Newcastle,  to 
carry  on  the  train,  and  though  it  wanted  rest,  it  was  obliged  to  go 
out  again,  and  do  the  duty  for  which  Mr.  Brunei's  large  engine 
was  incapable. " 

George  Stephenson  had  in  all  likelihood  stood  by  the  Wylam 
tramway  when  Trevithick's  locomotive  was  helped  on  by  men  ;  and 
he  might  have  owned,  that  if  Brunei  made  up  his  mind  to  liave  a 
speed  of  one  hundred  miles  an  hour,  he  got  it  in  tlie  end.  A\'hat- 
ever  Stephenson  might  clioose  to  say,  England  owes  much  to 
Brunei  for  spurring  on  Stephenson;  for  had  it  not  been  for  the 
Great  Western  we  should  never  have  got  the  great  speed  which  we 
now  have.  Brunei  fought  against  the  Stepliensons,  and  they 
against  him  ;  and  in  the  end,  we  have  higher  speed  and  cheaper 
working. 

In  "•'  Whishaw's  Railways  of  Great  Britain"  will  be  found  a  list 
of  all  the  locomotives  in  1839,  and  in  it  are  many  of  Stephenson's, 
some  as  old  as  1830,  which  were  still  at  work.  Tliere  was  one  on  the 
Bolton  and  Leigh,  and  two  on  the  Liverpool  and  Alanchester.  Of 
the  year  1831,  there  was  one  on  the  Liverpool  and  Alanchester,  and 
some  on  American  railways.  Of  1832,  three  on  the  Liverpool 
and  Manchester. 

fTo  lie  continued  J 


THE  STRENGTH  OF  HUNGERFORD  BRIDGE. 

The  paper,  by  Mr.  Homersham  Cox,  on  the  "  Strength  of  Hun- 
gerford  Bridge,"  which  ajipeared  in  the  part  of  the  Civil  Engineer 
and  Architect's  Journal  for  October  (p.  292),  has  no  doubt  been 
read  with  interest  and  with  pleasure.  The  neat  application 
which  he  makes  of  the  doctrine  of  moments  to  the  statical  con- 
ditions of  the  bridge,  cannot  fail  to  gratify  every  professional 
reader.  He  gives  sound  reasons,  too,  why  the  subject  is  at  this 
moment  of  the  highest  practical  importance.  His  calculations 
exhibit  the  power  in  the  chains  of  the  bridge  to  support  a  certain 
weight,  with  all  necessary  accuracy,  it  may  be  admitted  ;*  but,  as 
one  part  of  the  question — namely,  the  load  which  it  is  probable 
will  ever  be  brought  upon  the  structure — claims  a  wider  considera- 
tion than  he  has  given  to  it,  and  affects  the  conclusion  he  has 
drawn — that  "if  9  tons  per  stjuare  inch  be  the  utmost  strain  which 
the  metal  will  safely  bear,  no  margin  is  left  for  security  against 
the  effects  of  rapid  motion" — it  is  hoped  that  some  further  inijuiry 
into  that  part  may  result  in  advantage. 

Mr.  Cox  computes  the  greatest  gross  load  which  the  suspension 
ch;»ns  can  support,  witliout  exceeding  a  strain  of  9  tons  per  square 
inch  of  iron,  as  equivalent  to  a  weight  of  l,57(j  tons  uniformly 
distributed,  and  exerting  a  tension  of  2,GG4  tons.  He  adds,  that 
"  this  is  in  fact  the  load  to  which  the  bridge  is  actually  liable  to 

be  subjected The  weight  of  the  chains  (715  tons),  added  to 

that  of  the  platform,  parapet,  rods,  <S.:c.,  and  a  crowd  cox'ering  the 
platform  with  a  weight  of  100  lb.  per  square  foot,  gives,  according 
to  Mr.  Cowper,  the  maximum  load  nt  about  1,500  tons." 

The  sentence  quoted  embraces  the  point  which  needs  examina- 
tion. 

*  In  fact,  the  tension  at  the  lowest  point  of  a  catenary  is  (I'oisson,  in  *'  liarlow  on 
Strength  of  IVIaieriala,*' p.  30i')  T  =  i^ suspended  weight  x  tolan  C;  the  chains,  sus- 
pension rods,  plaiform,  and  load  makini;  the  weight,  and  c  bL'ini,'  the  angle  at  the  point 
of  suspension,  formed  by  the  horizontal  chord  with  the  tangent  tn  the  curve. 

If  Ihe  curve  is  considered  as  a  parabola,  this  becomes  T  =  ^,  s  bping  the  span  or 
chord  line,  and  rf  the  deflection;  an  expression  identical  with  that  given  by  lilr.  Cox. 
But  the  suspension  chains  do  not  form  an  exact  curve;  tlleir  ti^uie  is  a  polygon,  of  which 
the  angles  have  their  loci  in  a  parabola,  according  to  the  conoitions  assumed  :  and  a 
th'ini^e  in  the  form  of  culcnlation  rollows  in  consequence,  without  hois  ever  any  difference 
in  the  result  which  is  worth  noUte  here. 
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Referring  to  the  Journal  for  June,  1945  (vol.  viii.,  p.  165),  there 
would  appear  to  be  an  accidental  error,  in  callinpr  the  weight  of 
the  chains  715  tons:  the  links  of  those  suspended  hetween  the 
piers,  which  alone  enter  into  the  calculation,  are  stated  by  Mr. 
Cooper  to  weigh  only  352  tons.  It  is  to  be  regretted,  that  in  the 
extract  given  from  that  gentleman's  paper,  read  before  the  Royal 
Institution,  all  mention  of  the  remaining  weights  which  constitute 
the  permanent  load,  as  well  as  the  particulars  which  would  facili- 
tate an  approximation,  are  omitted. 

Mr.  Cowper  appears  to  exhibit  the  figures,  296  X  S  =  1480  tons; 
and  these  are  cited  by  Mr.  Cox,  in  round  numbers,  as  "about  1,500 
tons."  But  there  is  this  very  serious  difference  between  what  it 
seems  probable  the  former  meant  to  convey  by  them,  and  the  in- 
terpretation given  to  them  by  tlie  latter — that  Mr.  Cowper  would 
appear  to  have  calculated  upon  a  tension  of  5  tons  per  square  inch 
as  the  greatest  that  could  be  thrown  upon  the  chains  by  the  heavi- 
est possible  accidental  load  of  100  lb.  per  square  foot  of  platform, 
added  to  the  permanent  load  of  chains,  rods,  &c.,  which  tension 
would  amount  in  all  to  1,480  tons; — whereas  Mr.  Cox  has  called 
this  the  value  of  the  load  itself  from  which  the  tension  arises. 

If  Mr.  Cox  has  misinterpreted  Mr.  Cowper,  his  conclusion  as  to 
the  present  critical  state  of  Hungerford  Bridge  fails  instantane- 
ously. If  Mr.  Cowper's  meaning  has  been  mistaken  here,  what 
remains  to  be  said  will  be  less  forcibly  applicable  to  that  great 
structure  as  maintaining  its  sufficiency  of  strength,  but  will  remain 
to  invite  some  notice  as  a  general  question. 

No  explanation  is  given  in  the  Journal  to  show  why  Mr.  Cowper 
adopted  a  tension  of  5  tons  per  square  inch,  as  the  greatest  that 
would  probably  arise  ;  and  it  is  desirable  to  analyse  his  process  of 
calculation,  as  far  as  the  imperfect  data  which  are  on  the  instant 
accessiljle  will  permit. 

Such  an  amount  of  tension  would  be  the  effect  of  a  gross  load  of 
875  tons,  uniformly  distributed,  and  supported  by  the  chains 
between  the  piers.     It  would  be  made  up  of 

Weight  of  chains         352  tons 

„  load  398      „ 

Estimated  weight  of  platform  ...         ...         100      „ 

„  „  suspension  rods  ...  25      „ 

Total       ...         875  tons. 
There  may  be  inaccuracy  in  the  estimate  of  the  two  last  items:  it 
cannot,  however,  be  very  material,  and  the  meagre  means  at  com- 
mand admit  of  no  more  certain  result. 

The  principal  question  now  for  investigation  is,  whether  it  be 
possible  that  the  bridge  is  liable  to  a  load  of  100  lb.  per  square 
foot  from  the  assembly  of  a  crowd  of  persons  on  tlie  platform. 

This  will  be  answered  when  we  ascertain  how  many  persons  can 
be  crowded  into  a  given  space,  and  what  the  aggregate  weight  ot 
that  number  of  persons  may  amount  to. 

It  is  well  known  to  military  men,  that,  taking  the  average  of 
large  bodies  of  infantry  when  close  packed,  each  man  covers  with 
his  own  person  a  space  of  20  X  15  =  300  square  inches.  We 
should  therefore  find  0-48  men  in  a  square  foot. 

Mr.  James  Walker,  who,  by  direction  of  government,  investi- 
gated the  circumstances  connected  with  the  fall  of  tlie  suspension 
bridge  at  Yarmouth,  in  May,  1845,  stated  in  evidence  before  tlio 
coroner,  that  he  calculated  the  weight  of  peoj)le,  "  ])acked  en  maxse 
upon  the  bridge,"  at  six  persons  per  square  yard,  consisting  chiefly 
of  women,  and  children  under  14  years  of  age,  each  person  being 
of  tlie  fair  average  weight  of  7  stone;  which,  he  adds,  might  be 
a  large  average,  but  one  adopted  by  him,  partly  because  it  has  been 
frequently  employed  before.  This  would  give  |  of  an  individual 
belonging  to  such  a  description  of  persons,  as  chiefly  women,  and 
children  under  14  years  of  age,  for  each  square  foot;  and,  follow- 
ing Mr.  AValker's  average  of  weight,  it  would  amount  to  65  lb.  per 
square  foot. 

Herr  Von  Mitis,  who  constructed  the  steel  suspension  bridge 
across  the  Danube  at  Vienna,  computed  its  probaiile  load  as  arising 
from  the  occupation  of  a  square  fathom  (of  Vienna)  by  15  men, 
each  weighing  115  Vienna  pounds.  Hence,  per  unit  of  one  square 
foot  English,  we  should  have  0'39  men,  and  54"9  lb. 

Drury,  in  his  work  on  Suspension  Bridges,  lays  down  an  arbi- 
trary standard  of  2  square  feet  per  man  weighing  10  stone.  This, 
per  square  foot,  is  equivalent  to  0'5  men,  and  a  weight  of  70  lb. 

It  is  familiar  information,  that  in  France  the  conditions  imposed 
by  government  on  the  constructors  of  suspension  bridges,  require 
that,  before  the  public  is  admitted  to  the  use  of  any  such  bridge, 
the  chains  shall  undergo  the  proof  of  carrying  for  24  hours,  an 
imposed  load  of  200  kihigrammes  per  square  metre  of  )datforni  in 
addition  to  the  weight  of  chains,  rods,  platform,  &c.    This  is  equal 


40 
50 


63-67 
63-46 


to  41  lb.  per  square  foot.  The  rigour  of  this  condition  is  modified, 
too,  in  jiractice,  by  permitting  the  use  of  the  bridge,  subject  to 
special  police  regulations,  for  six  months  after  its  completion,  if 
proof  to  the  extent  of  one-half  this  weight  has  been  satisfactorily 
made  ;  but  at  the  end  of  that  time,  proof  to  the  full  weight  of  200 
kilogrammes  per  square  metre  must  take  place. 

The  enncessionnaire  is  required  also  to  maintain  the  bridge  in 
good  order,  which  shall  be  done  by  the  authorities,  at  his  expense, 
in  case  of  neglect.  Annual  surveys  of  the  works  take  place ;  and 
the  Prefect  may  order  a  fresh  proof  to  be  made  whenever  any 
ground  for  fear  arises,  as  to  the  stability  of  the  bridge,  or  as  to  the 
safety  of  using  it. 

With  respect  to  the  average  weight  of  a  number  of  persons 
assembled  accidentally,  we  may  form  some  precise  judgment,  with 
assistance  from  the  researches  of  Quetelet,  published  in  his  "Trea- 
tise on  Man,"  in  which  he  gives  a  table  of  the  average  weights  and 
sizes  of  men  and  women  at  diiferent  periods  of  life, — sufficient  for 
our  purjjose  being  found  in  the  following  extract. 

Age.  Males.  Females. 
Years.                 Kilogrammes 

5  15-77  14-36")  ,..,  ,            ^,  „ ,-           •    , 

10  24-52  23-52  V  means  ('^/''S        ^1-53  lb.  avoird. 

15  43-63  40-37  j  I  female,    57-50 

20  60-06  52-28  \  /Male,       135-59          „ 

25  62-93  53-28/  "       \  Female,  116-33           „ 

30  63-65  54-33|  .^,^,          ^^^.^^ 

56-16)       "       Uema'le,  121-8  :,' 

To  apply  this  table, — 

From  military  experience,  and  assuming  the  age  of  soldiers  to 
range  between  20  and  50,  we  should  get  a  weight  per  square  foot, 
arising  from  a  packed  crowd,  thus — 

0-48  X  137-9  =   66-19  lb. 
According  to  Mr.  AValker's  estimate  of  the  number  of  peisons 
on  the  Yarmouth  Bridge,  there  would  be  a  weight  per  square  foot 
of  I  X  89-29  =  59-53  lb. 

Taking  the  estimate  of  Herr  Von  Mitis,  as  to  numbers,  the 
weight  per  square  foot  would  be  0-39  X  137-9  =  53-78  lb. 

And,  upon  the  arbitrary  standard  of  Mr.  Drury,  that  weight 
would  be  0-5  X   137-9   =   68-9  lb. 

By  bringing  all  our  results  together,  the  conclusion  to  be  derived 
from  them  will  be  more  obvious  :^ 

Mr.  Walker's  estimate  of  weight  per  square  foot  is  65  lb. 
Herr  Von  Mitis  „  „  55 

Drury  „  „  70 

Proof  load  by  French  Government         „  41 

A  packed  body  of  Infantry  „  66 

From  the  numbers  on  Yarmouth  Bridge  60 

,,  „         as  per  Von  Mitis      „  51 

„  „         as  per  Drury  „  69 

llie  average  of  the  whole  would  be  „  60 

But  suppose  we  adopt  that  number  which  is  derived  from  facts 
apparently  the  best  ascertained — viz.,  66  lb.  per  square  foot — does 
it  not  seem  to  be  inadmissible  that  an  increase  of  50  per  cent, 
should  be  made  to  it  when  we  are  about  to  calculate  what  margin 
may  be  left  for  contingencies,  in  the  strength  of  a  material  mem- 
ber of  a  suspension  bi-idge  ?  If  this  be  so,  let  us  revise  the  esti- 
mate of  strain  when  shorn  of  so  considerable  an  excess. 

The  distance  between  centre  and  centre  of  jiiers  being  taken  at 
676^  feet,  tlie  length  of  platform  supported  by  the  cliains  would 
appear  (from  the  apjilication  of  a  scale  to  the  plates  given  in  the 
Journal  for  June,  1845,)  to  be 

676i  —  29i  —  13  =  634  feet. 
Hence,  straining-weight  of  platform  would  be      99     tons 
„  „  load  „  261-5     „ 

„  „  suspension  rods  25        „ 

„  „  chains  would  be         352        „ 

Total     ...      737  tons. 
Equivalent  to  a  tension  of  4-2  tons  per  square  inch  on  the  lowest 
part  of  the  suspension  eliains. 

Before  pronouncing  any  judgment  on  the  sufficiency  of  the 
Hungerford  Bridge,  it  would  be  requisite  to  know  what  weights 
the  suspension  rods,  the  timbers,  and  the  planking  of  the  platform 
are  capable  of  sustaining.  Indeed,  it  it  not  impossible  that  in  the 
latter  we  might  find  a  limit  which  would  act  as  a  safety-valve  for 
other  parts  of  the  structure.  At  all  events,  we  should  not  forget 
that  dense  crowds  of  persons  generate  a  lateral  pressure,  such  as 
the  parapet  railing  of  a  suspension  bridge  is  usually  unequal  to 
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resist.  And  the  inference  might  be  fairly  drawn,  that  indications 
of  danger  would  be  testified  by  less-important  members  of  this 
bridge  than  its  suspension  chains,  before  fears  need  be  entertained 
of  their  beiiij;  uiiC(iual  to  their  purpose. 

The  conclusions  we  arrive  at  are  these  :^ 

1st.  That  when  the  bridge  is  fully  loaded,  the  strain  on  the  sus- 
pension chains  is  i\  tons  per  square  inch,  or  in  the  most  extreme 
ca.se  5  tons  per  square  iiu^h, — being  one-half  the  strain  under  which 
iron  is  considered  to  he  perfectly  safe,  and  reserving  cue-half  its 
power  to  meet  contingencies. 

find.  That  66  lb.  ])er  square  foot  of  platform  is  sufBcient  allow- 
ance in  estimating  the  weight  of  au  accidental  crowd  of  persons 
upon  suspension  bridges. 

October  30th,  1848.  J.  II. 

[The  above  letter  having  been  referred  to  the  writer  of  the 
'■  Notes  on  Engineering,"  he  appends  the  following  note  :— 

The  researches  of  "J.  H."  seem  to  prove  satisfactorily  that  the 
weight  of  Ilungerford  Bridge  has  been  over-estimated  in  the  paper 
{ante  p.  292,  Oct.  ISIS)  on  the  strength  of  that  structure.  In  col- 
lecting the  data  of  that  paper,  considerable  pains  were  taken  to 
reconcile  the  apparently  contradictory  accounts  of  the  weight  of 
the  bridge,  given  in  the  extract  (vol.  viii.,  p.  165.)  from  Mr.  Cow- 
per's  paper,  which  contains  the  following  words : — ''  VVe  have  there- 
tore,  for  the  weight  the  bridge  will  actually  bear,  290  X  171  tons  =: 
5,180  tons,  while  296  X  5  tons  =  1,1.80  tons  is  the  greatest  load  thai 
can  be  actually  put  uimii.  it." — ^Vns  it  not  natural  to  infer  from  this, 
that  Mr.  Cowper  had  ascertained  that  the  weight  which  the  main 
chains  would  have  to  sustain  was  1,480  tons .'' 

However,  the  above  letter  shows  that  the  words  just  quoted  are 
not  the  statement  of  an  ascertained  fact,  but  probably  the  infer- 
ence from  some  theoretical  computations  not  given.  The  main 
chains  of  the  central  span  consist  of  1,280  links,  of  which  each 
weighs  5^  cwt.,  and  therefore  the  whole  together  352  tons.  This 
item,  however,  does  not  include  the  weight  of  the  coupling-bolts, 
pins,  and  suspension  plates  :  with  respect  to  these,  and  the  weight 
of  the  platform  and  parapet,  which  are  massive  and  strengthened 
by  iron  stays,  we  have  no  data.  There  are  certainly  no  authentic 
grounds  for  objection  to  the  estimate  of  "J.  H.,"  but  in  the  ab- 
sence of  more  certain  information,  the  following  seems  a  legitimate 
mode  of  estimating  the  total  weight  of  the  structure.  Mr.  Cowper 
remarks,  that  "  the  entire  weight  of  the  chain,  platform,  and  full 
load  upon  it  would  make  a  load  of  about  1,000  tons  on  each  pier." 
This  gives  2,000  tons  total  weight  of  the  whole  bridge  ;  and  as  the 
centre  span  is  one-half  the  total  length  of  the  structure,  it  appears 
safe  to  assume  that  the  whole  weight  of  the  centre  span,  platform, 
and  load  is  1,000  tons.  This  would  make  the  horizontal  tension 
per  square  inch  at  the  centre  of  the  main  chain  ^6  tons. 

It  must  be  remarked,  that  the  words,  "  the  present  critical  state 
of  Hungerford  Bridge,"  are  used  by  "J.  H."  on  his  own  authority, 
and  are  not  to  be  found  in  the  "Notes  of  Engineering."  It  was 
not  said,  nor  suggested  in  them,  that  Hungerford  Bridge  was  in  a 
"critical  condition  ;"  all  that  was  asserted  was  that  which  admits 
of  strict  proof— that,  assuming  certain  apparently  accurate  data 
for  the  weight  and  dimensions  of  the  structure,  the  metal  was 
subject  to  a  tension  of  9  tons  per  squai'e  inch.  It  now,  however, 
appears  that  the  data  themselves  were  incorrect,  and  that  the 
tension  is  consequently  less;  but  even  the  greater  amount  would 
by  some  practical  men  be  deemed  within  the  limits  of  security. 
The  error  in  question,  which,  respecting  a  point  of  fact,  is  not,  how- 
ever, to  be  regretted,  as  it  has  occasioned  an  inquiry  and  revision,  of 
which  the  results  are  by  their  near  agreement  recommended  to  gene- 
ral confidence.  Another  benefit  of  the  discussion  has  been,  that  it 
has  elicited  on  one  side  a  display  of  interesting  and  extensive  re- 
search which,  it  is  to  be  hoped,  will  be  renewed  in  other  investiga- 
tions of  that  important  class  of  which  the  above  letter  indicates 
the  familiar  study.] 


The  "Taman." — On  Monday,  the  13th  ult.,  this  iron  steamer  was  launched 
from  the  works  of  iMessis.  llobinson  and  llussell,  at  MillwiU.  She  is  175 
feet  long,  2lj  feet  beam,  and  is  to  have  engines  of  180-horse  power.  Her 
^ines  are  by  Mr.  Ditchburn,  and  the  hull  is  very  smoothly  finished.  The 
Taman  is  built  for  the  Russian  government,  to  be  employed  on  the  Black 
Sea.  She  is  to  he  handsomely  fitted  by  Messrs.  Paul.  On  the  next  slip  is 
an  iron  steamer  for  the  Nabob  Nazim,  one  of  the  mediatized  princes  of  In  dia. 
She  is  to  go  fourteen  miles  an  hour  on  the  Ganges,  and  is  to  be  used  by  the 
nabob  in  his  hunting  trips.  This  shows  the  progress  of  European  luxury  in 
the  East,  as  the  Taman  proves  that  English  skill  is  not  yet  surpassed  on  the 
freezing  sliores  of  the  Black  Sea.  The  nabob's  steamer  will  make  the 
seventh  built  by  Messrs.  Robinson  for  the  Ganges.  An  iron  steamboat  for 
the  Ilumber  is  to  be  laid  down  oa  the  slip  of  the  Taman, 


CONTRIBUTIONS  TO  RAILWAY  STATISTICS, 

In  184G,  1847,  and  1848.— By  Hvde  Clarkk,  Esq. 

(Concluded  from  potje  ii&.J  • 

No.  XXIV.— MISCELLANEOUS  GOODS. 

Among  other  articles  enumerated  in  the  returns,  are  furniture 
and  vitriol. 

In  the  year  ending  .SOtli  June,  1846,  there  was  carried  on  the 
Manchester  and  Bolton,  256  tons  or  furniture;  .on  the  South- 
Western,  325  tons  (half-year)  ;  and  on  the  Brighton,  2,923  tons. 
The  receipts  were,  Manchester  and  Bolton  128/.;  and  Brighton 
4,687/. 

In  the  year  ending  30th  June,  1847,  there  was  carried  on  the 
Brighton  Railway  4,669  tons,  the  receipts  for  which  were  6,660/. 

The  carriage  of  furniture  is  now  considerable,  the  railway  being 
preferred  to  the  canal  for  long  distances.  The  rates  per  ton  per 
mile  are  high.  On  the  Manchester  and  Bolton  the  rate  is  12-/.  ; 
on  the  London  and  South-Western,  7'26d. ;  and  on  the  London 
and  Brighton,  7-49(/. 

Vitriol  is  carried  on  the  Newcastle  and  Carlisle  Railway.  In 
the  year  ending  30th  June,  1846,  17  tons,  bringing  11/.  ;  and  in 
1847,  62  tons,  bringing  39/.  Vitriol  is  classed  as  dangerous,  and 
the  rate  for  carrying  it  is  6^d.  per  ton  per  mile. 

No.  XXV.— GOODS. 

The  gross  tonnage  of  goods  in  the  years  ending  30th  June,  1844, 
1845,  1846,  and  1847,  is  as  follows,  including  evez'y  description  of 

traffic: — 


1844 

1845 

1*46 

1847 

Tons. 

Tons. 

Tons. 

I'ons. 

Arbroath  and  Forfar 

4i,866 

59,844 

61,090 

76.344 

Ardrossan 

"la.S/s 

67,385 

1 13  642 

*77,46l 

Ballochne? 

.isr.Bia 

377.007 

381,299 

436,995 

,f          ISTnnkland 

9fi;i,ii.')S 

1,146,812 

1,199,270 

1,213  283 

„          Slamannan 

6l),;05 

64,236 

77,301 

97,057 

Bodmin  and  Wadebridge   .. 

27,H25 

20,376 

22,220 

.10,177 

Caledonian  (Oariikirk) 

214,0:17 

297,714 

39s,698 

634,554 

Chester  anil  Birkenhead     .. 

3,842 

6,912 

7,060 

11.198 

Coekernioutli  and  Workington 



*2  633 

Dublin  and  Jirogheda 

4,683 

21,817 

18,198 

Dundee  and  Arbroath 

16,484 

21,434 

21,059 

22,355 

„        aud  Newtyle 

29,715 

34,74.1 

47.fi.'i4 

31,282 

Dunfermline  and  Charlestown 

2iJ,6'ja 

33,622 

32,032 

3I.8i'9 

Eastern  Counties  (Cambridge) 

23,866 

44,572 

110,:H9 

236,463 

„            „          (ColeheBter) 

20,343 

31.669 

47,231 

83,364 

„            „         (Nortoii!) 

5,000 

*30,354 

1H,096 

Eastern  Union  .. 

28,832 

,,          ,,      (Ipswich  and  Bury)     .. 



•3  i>07 

East  Lancashire 

*7.283 

Edinbiirgti  and  Glasgow  (VVilsontown) 

64,1^53 

B2.818 

Fleetwoud  aud  W.  Riding  (LongridgeJ 

136,000 

Furness 

110,095 

(ilasgo\p  and  Green  jck 

lOJ.OOO 

79,413 

83.606 

98,297 

Glasgow  and  Ayr 

86,253 

168,376 

293,304 

397,515 

Great  Soutbern  and  Western 

11,1«7 

Great  Western  .. 

129,283 

209,563 

1300.000 

374.326 

Kendal  and  Windermere     .. 

5,341) 

Leeds  &  Thirsk  (Stockton  &  Hartlepool) 

2(;,173 

t50,000 

61,0)5 

23,543 

„      (Clarence) 

t300.('00 

661.513 

686,693 

Lancaster  and  Preston 

22,222 

26,099 

25,585 

49,0.54 

,,         and  Carlisle 

♦24  044 

Lancashire  and  Yorkshire  . . 

379,934 

503,618 

522.177 

697,263 

„          (IVIanchester  and  Bolton)    .. 

121,875 

149,245 

160.139 

*85.754 

„          (Preston  aud  Wyre) 

43,0t;0 

64,749 

tso.ooo 

Llanelly  and  Llaudillo 

96,886 

92,675 

106.841 

95.181 

London  and  North- Western 



,,              (London  and  Birmingham) 

l.'i4,839 

2n„'>90 

370,003 

1,177,553 

„              (Grand  Junction) 

232,880 

3'.2,76I 

920,387 

*2J3,527 

„              (Liverpool  and  Afanchester) 

30n,043 

349.6.!3 

„              (Bolton  and  Leigh) 

82,134 

84,679 

*42.854 

„             (ManchesteraudBirmingm.] 

84,935 

130,3.(4 

293.741 

London  and  Black'wall 

17,515 

2,1.161 

20.406 

25.071 

,,     and  Brighton 

41,6.'i2 

65.747 

93,407 

166,930 

,,     and  Croydon 

a,97a 

9.802 

12.174 

■ 

„     and  South- Western 

"1,163 

93,625 

110,640 

14.8,415 

Londonderry  and  EnniskiUen 



*1,302 

lUanchester  and  Sheffield  .. 

81,673 

t82,000 

t67,678 

218,740 

lilaryport  and  Carlisle 

lnii,885 

128,731 

167,046 

204.678 

Midland 

131,916 

715,207 

909.895 

1,196,177 

„         (Birmingham  and  Derby)     .. 

87,9,^9 

„        (North  midland) 

S94,3(10 

„        (Leicester  and  Swannington) 

154,738 

197  447 

213,329 

„        (Birmingham  and  Glo'ster).. 

6K.U87 

*59,983 

„        (Bristol  and  Glo'ster) 

*9,016 

,,        (Bristol  and  Birmingham)  .. 

97.702 

210.404 

254,038 

Newcastle  and  Carlisle 

1270,000 

t230,000 

two.ooo 

t390,000 

North  British  (Edinburgh  and  Dalkeith) 

106,534 

109,828 

105.3.'>1 

64,973 

North  Union      .. 

■261,928 

413,256 

490,460 

548,813 

„          (Bolton  and  Preston) 

*16,e50 

. 

Soulh-Eastern  .. 

tso.ooo 

88,801 

116,384 

204,102 

,,          (Canterbury  aud  Whitstable 

30.000 

36,000 

Scotch  Midland  (Newtyle  and  0.  Angus) 

8,925 

9.506 

11,007 

12,264 

St.  Helen's  and  Kuncorn     .. 

219,738 

257,8:6 

284.160 

292,606 

Stockton  and  Darlington    .. 

H,000,000 

11,000,000 

1,044,070 

1,127,0.58 

Shrewsbuiy  and  Chester     .. 

*16,66l 

South  Devon      ., 

*l,17a 

Taff  Vale 

254,472 

442.991 

426,357 

479,189 

Ulster 

63,673 

WestCornwBU(Hayle)      .. 

66,871 

09,630 

78,004 

184S.1 
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Whitehaven       ,.  ,. 

Wishaw  nnd  Coltnesg         ..  .. 

York  ttud  North  Midland  .. 

„     (Hull  and  Selby)       .. 

.,  „     (Wiiltby  and  Pickering) 

York  and  Newcastle 

„  „     (Gl.  North  of  Eniiland) 

„  „     (Newcastle  &  Unrlingtoo) 

„  „     (Newcastle  &  N.  Shields) 

„  I,    (Durham  &  Sunderland) 

„  „    (Pontop  &S.  Shields) 

„  n     (Uartlepool) 

*  iJalf-year. 

The  total  tonnage  in  each  year  was  as  follows : — 

1844  1845  1841)  1847 

9,82:!,533  12,522,976  15,871,179  10,699,382 

The  following  shows  the  distribution  of  the  traffic  in  1847,  in 
tons : — 


18+4 

1845 

1848 

1847 

Tons. 

Tons. 

Tons. 

Tons. 

*3.81l 

18.613 

428.777 

610,136 

697,472 

924,424 

187,tili7 

351,022 

378,414 

446,181 

162,;U8 

227,869 

226.101 

2fi,lU8 

36,101 

*9,373 

1,847,689 

130,186 

234,198 

43,1,867 

2158 .080 

787,.347 

21,1134 

26.936 

38.830 

46,600 

668,81S 

412,52.-i 

444.961 

li2,0,i;Sl 

719,7.33 

818.373 

6U2,li37 

824,824 

922,822 

812,306 

t  Estimated  Amount, 


Coals  and  Coke    .. 

8,900,000 

Ironstone 

600,000 

Iron 

300,000 

Iron  Dross 

110,000 

Copper  and  Tin    .. 

23.000 

Limestone  and  Lirae 

300,000 

Building  Stones    .. 

600,000 

Sand 

37,000 

Ballast 

36,000 

Bricks  and  Tiles   .. 

5,000 

Miscellaneous  Minerals 

300,000 

Fish   .. 

43,000 

Grain 

300,000 

Provisions 

400,000 

Manure 

40,000 

Goods,  Timber,  and  Sundries  . . 

4,705,382 

Total     ..  10,099,382  tons 
To  show  how  small  this  traffic  is  relatively  to  the  total  carried, 

the  following  items  in  the  consumption  of  the  people  of  this  island, 

in  tons,  may  be  noted  : — 

Corn..                  ..  ..  3,000,000 

Potatoes                ..  ..  3,000,000 

Sugar                     ..  ..  300,000 

Tea,  Coffee,  and  Tobacco  ..  50,000 

Malt..                  ..  ..  400,000 

Spirits                    ..  ..  100,000 

Paper                     ..  ..  40.000 

Soap..                  ..  ..  90,000 

Candles                 ..  ..  100,000 

Cotton  Goods       ..  ..  250.000 

Woollens               ..  ..  100,000 

Linens                   ..  ..  100,000 

Iron  ..                  ..  ..  1,600,000 

Glass                      ..  ..  40,000 

Coals                      ..  ..  30,000,000 

Salt    ..                  ..  ..  650.000 

Timber                  ..  ..  2,000,000 


Total  ..  41,720,000  tons 
This  enumeration  of  41,720,000  tons  is  under  the  mark,  and  only 
gives  the  total  consumption  of  this  island,  reclconing  the  articles 
as  only  carried  one  way,  and  not  including  many  articles  of  agri- 
cultural produce, — manures,  leather  (60,000),  fish,  .stone,  lead, 
copper,  earthenware,  oil  (00,000),  fruits,  &c. ;  bark,  50,000  ;  dye- 
stuifs,  70,000  ;  hemp,  50,000  ;  cabinet  woods,  30,000  ;  rice,  20,000  ; 
tar,  20,000  ;  turpentine,  20,000  ;  &c.  The  railways  at  present  do 
not  carry  more  than  a  fourth  of  the  traffic  of  the  country,  if  so 
much. 

The  largest  tonnages  in  1847  were  the  following  !• — 
York  and  Newcastle  ..       2,700,593 

Ballocliney  ..  ..       1,740,339 

Midland  ..  ..       1,449,215 

London  and  North- Western         . .       1 ,4 1 1 ,080 
Storkton  and  Darlington  ..       1,127,058 

Wisbaw  and  Coltness  ..  924,424 

Lancashire  and  Yorkshire  ..  763,016 

Leeds  and  Tliitsk      ..  ..  610,235 

North  Union  ..  ..  548,813 

The  total  receipts  for  minerals  and  goods  in  1817  were  2,600,000/., 
of  which  for  minerals  750,000/. 

No.  XXVL— AVERAGE  R.ATE  AND  MILEAGE. 

It  is  of  some  importance  for  engineers  to  know  the  average  dis- 
tance that  each  class  of  produce  is  carried,  and  the  average  receipt, 
which  are  far  below  what  is  believed. 


Passengers. — The  average  mileage  of  all  the  passengers  in  1847  was  16 
miles,*  and  the  average  receipt  2,s.  The  average  receipt  on  the  London  and 
North-Western  is  4s.;  Great  Western,  4s.  9rf. ;  Midland,  2s.  7rf. ;  SiuUh- 
Eastern,  Is.  dd. ;  Brighton,  2s.  id. ;  Eastern  Counties,  3». ;  South-Western, 
3«. ;  and  Lancashire  and  Yoikshire,  Is.  4d. 

Beasts. — The  average  receipt  for  beasts  on  the  London  and  North- West- 
ern is  i2d.,  miles  57  ;  Eastern  Counties,  did.,  miles  75;  Great  Western,  Zid., 
miles  45. 

Sheep. — London  and  North-Western,  10(f.  70  miles;  Eastern  Counties,  9d. 
75  miles ;  Great  Western,  10(i.  G6  miles. 

Swine. — London  and  North-Western,  18(2.  120  miles ;  Eastern  Counties, 
6d.  58  miles  ;  Great  Western,  I2d.  75  miles. 

Coa/s. — York  and  Newcastle,  IGd. ;  Stockton  and  Darlington,  ISd. ;  Mid- 
land, 27d. ;  London  and  North-Western,  20c7. 

Ironstone. — Ballochney,  9rf. ;  Taff  Vale,  28(f.,  25  miles. 

Limestone  and  Lime. — Midland,  22(2. ;  Newcastle  and  Carlisle,  20(/.  16 
miles  ;  York  and  North  Midland,  14(2.  9  miles. 

Building  Stone.— \mV  and  North  Midland,  24</.  24  miles ;  Midland,  20(2. ; 
Newcastle  and  Carlisle,  22(2. 

Sand. — Bodmin  and  Wadehridge,  24(2.  8  miles. 

fisA.— York  and  Newcastle,  21«.  50  miles;  Norfolk,  13s.  68  miles 
Whithy  and  Pickering,  9s.  25  miles. 

Parcels. — Average  of  enumerated  lines,  3'9(2. 

Horses. — Average  of  all  lines,  16s. — Carriages,  ditto,  25s. 

No.  XXVIL— HORSE  TRAFFIC. 

The  total  number  of  horses  carried  in  1847  was  99,405,  and  the 
total  receipts  80,216/. 

Tiie  greatest  horse  traffics  are  the  following : — 

Horses.  £. 

Loudon  and  North-Western  . .  27,715  22,890 

Great  Western     ..  ..  11,785  12,788 

Midland  ..  ..  12,373  11,794 

Eastern  Counties . .  ..  8,155  6,084 

Brighton  ..  ..  6,558  4,901 

York  and  North  Midland        ..  5,813  2,613 

South-Western    ..  ..  5,447  4,335 

South-Eastern      ..  ..  3,782  3,576 

York  and  Newcastle  ..  3,456  

The  charge  for  horses  per  mile  is,  London  and  North-Western, 

3d. ;  Great  Western,  5-4(2. ;   Midland,  4'25(/. ;  Eastern  Counties, 

3-6(2. 

Many  day-tickets  are  taken  out  for  horses  on  tlie   London  and 

North-Western  and  otiier  lines,  by  persons  going  out  Imuting. 

No.  XXVIIL— CARRIAGE  TRAFFIC. 

The  total  number  of  carriages  in  1847  was  41,135,  and  the  total 
receipts  51,733/.     The  greatest  traffics  are  as  follows  ; — 

Caniages.  £. 

London  and  North-Western  ..  8,790  12,785 

Great  Western     ..  ..  5,842  9,452 

Midland  ..  ..  4,775  6,892 

Eastern  Counties..  ..  3,266  3,747 

Brighton  ..  ..  3,040  3,220 

South-Western    ..  ..  2,904  3,285 

South-Eastern     ..  ..  2,458  4,520 

The  average  charge  per  mile  is,  on  the  London  and  North- 
Western,  4(2.;  on  the  Great  '^Vestern  and  Midland,  6(2. 

No.  XXIX.— DOG  TRAFFIC. 

Dogs  are  enumerated  only  in  a  few,  returns.     Tlie  a\'erage  rate 

fier  mile  is  ^d.     The  number  carried  in  1S47  on  the  South  Devon 
ine  was  1,086,  342. ;  on  the  JMaryport  and  Carlisle  336,  512. ;  and 
on  the  Whitehaven,  230. 

No.  XXX.— CARRYING-STOCK. 

Tlie  following  is  an  enumeration  of  the  c4irrying-stock  of  the 
London  and  North-Western  Railway  in  1848,  suitable  for  special 
traffic  : — Horse  boxes,  210  (horses  carried,  27,715)  ;  carriage 
trucks,  217  (carried  8,790)  ;  bullion  vans,  9  ;  post  offices,  8  ;  ditto 
tenders,  13 ;  milk  trucks  (north  division),  2  ;  convict  van,  1  ;  cat- 
tle wagons,  495  (cattle,  161,171);  slieep  wagons,  117  (sheep  car- 
ried, 399,998)  ;  coal  wagons,  653  (440,000  tons)  ;  timber  trucks, 
12 ;  powder  magazines,  4  ;  iron  trolleys,  4. 

No.  XXXI.— MANCHESTER  AND  SHEFFIELD. 

The  following,  communicated  by  the  kindness  of  Mr.  Meadows, 
secretary  of  the  company,  gives  some  particulars  as  to  the  traffic 
of  the  Manchester,  Sheffield,  and  Lincolnshire  Railway : — 

*  See  a  valuable  paper  by  Mr.  V/yudliam  Hanling,  read  befoie  the  British  Association, 
at  Swansea,  uud  since  re-publ;ahed. 
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Analysis  of  Merchandise  Traffic. 


Dale. 

Co»l. 

stone. 

Sheffield 
Goods. 

Flcur  and 
Grain. 

General 
Goods. 

Total. 

Iti4-i. 
Marcli 
April 
May 

Tons. 

12,334 
9.689 
8,673 

Tons. 
6,176 
7, .530 
8,501 

Tons. 
1,791 

1,884 
2.262 

Tuns. 
1,159 
1,018 
2,603 

Tom. 
5,550 
4,698 
5,443 

Ton«. 
27,010 
25,419 
27,002 

Total     .. 

30,090 

22,267 

5,937 

5,440 

15,691 

80,031 

BEGISTSR    OF    NEW    PATXiVfTS. 


GAS-METERS. 

Samuel  Clegq,  of  2t,  Regent-square,  London,  civil  engineer, 
for  "  certain  improi^emerits  in  gas-meters." — Granted  April  20  ;  En- 
rolled October  20,  1848. 

Tlie  patentee  claims,  in  this  invention,  the  dividing  of  the  gas 
ishich  passes  through  a  meter  into  two  or  more  portions,  and  ascer- 
taining the  whole  quantity  by  measuring  a  part  when  under  pres- 
sure.instead  of  measuring  all  the  gas  whichpassesthroughthe  meter. 
Another  portion  of  tlie  invention  claimed  as  new,  is  the  making  of 
the  inner  circle  of  the  drum  of  a  water-meter  water-tight,  that 
being  in  water  it  may  be  buoyant,  and  prevent  the  weiglit  of  the 
drum  from  pressing  upon  the  axis.  The  principle  on  which  the 
first  part  of  this  invention  depends,  is  the  well  known  law,  that 
the  discharges  of  the  same  Huid  through  diiferent  openings  at  the 
same  i)ressure  are  proportional  to  the  areas  of  the  openings.  The 
arrangement  of  the  apparatus  is  as  follows  : — The  measuring-drum 
of  a  wet  meter  consists  of  a  hollow  concentric  ring  aud  cover. 


The  drum,  revolving  upon  an  axis  in  water,  is  divided  into  com- 
partments so  arranged  that,  as  the  gas  enters,  it  sliall  in  succes- 
sion fill  all  the  chambers,  and  be  discharged  measured.  The  inner 
circle  c,  c,  of  the  drum  is  made  water-tight,  so  that  when  the 
meter  is  filled  to  a  certain  level  with  water,  the  drum  is  buoyed 
up,  and  would  nearly  float  if  otherwise  unsupported  ;  con.sequently, 
there  is  little  or  no  friction  upon  the  axis.  The  gas  from  the  service 
enters  the  meter-case  through  the  pipe  k,  and  after  passing  a 
valve, — which,  when  the  meter  is  sufficiently  filled  with  water,  is 
opened  by  a  float  in  the  usual  way, — is  divided  into  two  streams, 
and  flows  through  the  pipes  c  and  b',  the  latter  stream  being  the 
one  measured,  and  is  discharged  so  measured  from  the  drum-cover 
by  the  pipe  p,  through  the  opening  n.  Now  this  discharge  being 
known,  the  quantity  of  gas  that  passes  through  the  other  opening 
M,  is  known  also,  and  the  sum  of  the  two  discharges  is  marked  on 
the  face  of  an  index  arranged  in  the  usual  way. 

To  equalise  the  pressure,  the  following  apparatus  is  used :  E  and 
H,  are  two  hollow  vessels  connected  with  one  another  at  their 
lower  parts,  open  at  the  bottom,  sealed  by  water,  and  free  to 
vibrate  about  a  common  centre  x ;  v  is  a  slide,  covering  the  two 


openings  si  and  n,  attached  to  the  hood  ii,  in  such  a  manner  that, 
as  it  rises  or  falls,  it  shall  move  the  slide  v,  and  open  or  close 
these  openings.  The  pi])es  a  and  b,  lead  into  these  vessels  or 
hoods,  and  the  gas  discharged  into  them  is  of  the  same  pressure 
as  that  which  flows  into  the  meter  ;  so  that,  if  the  regulating-hoods 
were  of  the  same  weight,  and  at  equal  distances  on  each  side  of 
the  centre  .v,  they  would  balance  each  other.  Over  the  hood  E, 
is  fixed  immovealily  aiKjther  and  larger  vessel  c,  o])cn  at  the 
bottom  and  sealed  by  water,  having  communication  with  the  drum 
of  the  meter,  or  rather  with  the  drum-cover  at  k.  The  openings 
M  and  N,  adjusted  by  the  movement  of  the  hood  "i  nre  by  its 
descent  partially  closed,  and  the  pressure  of  the  gas  flowing 
through  them  is  reduced  by  so  much  as  exists  between  the  gas 
flowing  into  the  meter-drum  through  the  i)ipe  b',  or  the  initial 
pressure, — or  that  between  the  interior  or  exterior  surfaces  of  the 
hood  E,  viz.,  one-tenth  ;  so  that  the  gas  now  flows  through  both 
openings,  m  and  n,  with  the  same  relative  velocities,  the  discharges 
being  in  proportion  to  their  areas. 
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Supposing  that  the  measuring-drum  required  a  pressure  of  two- 
tenths  head  of  water  to  work  it,  and  that  the  initial  pressure  was 
four-tenths,  the  pressure  in  the  cover  of  the  drum  and  in  the  fixed 
hood  o,  will  then  be  two-tenths.  The  gas  will  issue  from  the 
opening  n,  with  a  pressure  also  of  two-tenths ;  and  the  differences 
of  pressure  between  the  interior  of  the  hoods  E  and  h,  and  the 
exterior  of  the  hood  e,  being  two-tentlis,  the  hood  ii,  will  have  a 
descending  power  of  two- tenths,  and  thus  the  velocities  with  which 
the  gas  issues  through  m  and  n,  will  be  equalised  ;  and  so  for  any 
other  pressure.  The  same  principle  of  measurement  may  be  ap- 
plied to  dry  meters. 


TUBULAR  FLUES. 

Thomas  Potts,  of  Birmingham,  brass  tube  maker,  for  "  improve- 
ments in  the  manufacture  of  tubular  flues  of  locomotive  and  other  steam- 
boilers." — Granted  April  10;  Enrolled  October  10,  1848. 

The  object  of  this  invention  is  to  protect  the  flues  of  boilers,  by 
lining  them  with  a  composition  resembling  that  used  for  brazing. 
In  forming  this  material,  ten  ounces  of  refined  tin  are  added  to  a 
hundredweight  of  "  bath  metal,"  which  is  composed  of  two  parts 
of  foreign  zinc  and  three  parts  of  good  copper.  This  compound 
metal  is  rolled  and  formed  into  a  ttibular  shape  of  the  size  re- 
quired ;  after  which,  the  tubes  are  annealed  and  stretched,  so  as 
to  straighten  them  and  bring  the  edges  correctly  together.  On 
each  of  these  tubes  is  placed  a  tube  formed  of  copper  or  an  alloy 
of  cop])er ;  and  the  compound  tube  is  jiut  on  to  a  steel  mandril, 
made  with  a  taper  of  about  one-sixteenth  of  an  inch  into  its  whole 
length,  which  not  only  facilitates  the  withdrawal  of  the  mandril, 
but  also  gives  additional  thickness  to  that  end  of  the  tubular  flue 
which  is  to  be  fixed  to  the  fire-box  of  the  steam-boiler.  The  com- 
pound tubes,  each  having  a  mandril  within  them,  are  then  drawn 
through  draw-plates.  It  is  not  necessary  to  solder  together  the 
edges  of  the  inner  tube,  as  it  will  be  sufl[iciently  strong  without. 
The  lining  should  be  made  twice  as  thick  as  the  outer  tube. 

The  patentee  claims  the  use  of  a  lining  of  such  a  preparation 
of  metal,  for  lining  tul)ular  flues  of  copper  and  of  copper  alloyed  ; 
the  object  being  to  obtain  a  lining  of  metal  which  shall  be  less 
prejudiciidly  acted  on  by  the  passage  of  sharp  grit  from  the  fire, 
than  if  the  whole  tube  were  made  of  copper  or  of  copper  alloyed. 
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AXLE-BOXES  AND  JOURNALS. 

William  John  Normanvjlle,  of  Park  Village,  Middlesex, 
gentleman,  for  "  certain  iinpmtiements  in  railway  or  other  carriages, 
partly  consisting  of  new  modes  of  constructing  the  ajcle-boxes  and  jour- 
nals of  wheels  ;  also  an  improved  method  of  lubricating  the  said  Jour- 
nals or  other  portions  of  machinery,  by  the  introduction  of  aqueous, 
alkaline,  oleaginous,  or  saponaceous  solutions." — Granted  May  2 ; 
Enrolled  November  2,  1848. 

The  claims  of  the  patentee  do  not  correspond  in  length  with 
that  of  the  title  of  the  invention,  as  they  are  simply  for  a  peculiar 
combination  of  various  elastic  and  other  materials  with  the  axle- 
box  and  journal,  for  the  purpose  of  rendering  the  lubrication  of 
the  journals  of  railway-wheels  and  other  moving  parts  of  ma- 
chinery more  perfect  ;  and,  secondly,  for  arrangements  for  enclos- 
ing the  lubricator  within  a  vessel,  which  shall  contain  it  and  ex- 
clude the  dirt.  In  carrying  into  effect  the  first  part  of  the 
invention,  as  regards  the  axle-boxes  of  railway-carriages,  a  shield 
or  collar  of  vulcanised  india-rubber,  or  other  suitable  elastic  sub- 
stance, is  made  of  the  form  shown  in  the  engraving,  marked  A,  A, 
and  attached  to  the  axle-box  at  its  outer  edge.  This  shield  is  per- 
forated in  its  centre ;  such  perforation  being  cut  to  a  perfectly 
smooth  surface,  to  allow  the  passage  of  the  journal  through  it. 
The  perforation  is  made  of  less  diameter  than  the  diameter  of  the 
journal,  and  by  the  tendency  of  the  material  of  which  the  shield 
is  made  to  collapse,  it  presses  so  closely  to  the  journal,  that  an 
air-tight  joint  is  maintained. 
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The  diameter  of  the  perforation  in  the  shield  for  a  four-inch 
axle  should  be  three  inches  and  five-eighths,  the  outer  diameter  of 
the  shield  should  be  one-eighth  of  an  inch  less  than  the  disc  of  the 
axle-box  into  which  it  is  to  fit,  and  it  will  then  be  found  to  com- 
pletely fill  it.  After  having  been  stretched  over  the  axle,  the 
shield  tapers  from  its  centre  to  its  outer  edge.  For  the  protection 
of  the  elastic  shield,  and  behind  it,  is  placed  a  thin  cast-iron  or 
other  metal  shield  B  (secured  to  the  axle-box  by  four  bolts)  which 
being  more  or  less  tightened,  presses  upon  the  outer  periphery  of 
the  elastic  shield  and  occasions  pressure  as  required  to  maintain 
the  joint  upon  the  axle.  In  adjusting  this  box  upon  the  journal, 
no  more  compression  should  be  put  upon  the  outer  diameter  of 
the  elastic  shield  than  is  necessary  to  make  an  air-tight  joint, 
otherwise  there  would  be  considerable  risk  of  the  shield  firing, 
before  it  could  become  properly  lubricated.  When  by  continued 
wear  the  air-tight  joint  can  be  no  longer  maintained,  a  loose  ring 
of  india-rubber,  of  the  same  diameter  as  the  axle,  and  about  a 
quarter  of  an  inch  in  thickness,  may  be  placed  upon  the  axle. 
The  original  shield,  whose  orifice  has  become  enlarged  by  wear, 
is  then  stretched  upon  this  ring,  and  by  its  contractile  force  clasps 
it  so  tightly,  that  a  perfect  joint  is  maintained  between  the  two 
surfaces  of  the  india-rubber,  while  the  axle  revolves  within  the 
inner  or  loose  ring ;  and  the  operation  of  tightening  by  the  means 
of  the  four  bolts  is  repeated  as  required.  Or  by  anotlier  modifi- 
cation of  this  arrangement,  a  metal  ring  is  introduced  in  contact 
with  the  axle,  using  the  contractile  force  of  the  india-rubber 
shield  to  keep  the  i-ing  in  close  contact  with  the  polished  axle. 
These  axle-bo.\es  should  be  filled  with  a  saponaceous  grease  in  a 
semi-fluid  state,  so  that  it  may  flow  towards  the  shield,  and  lubri- 
cate it  without  delay.  The  top  of  the  axle  is  of  a  circular  form, 
with  a  lid  furnished  with  a  small  air-hole  screwed  thereon,  and 
effectually  closing  the  box.  The  grease  is  introduced  through  the 
aperture  whenever  required. 


MANUFACTURE  OF  WHEELS. 

John  Ashbury,  of  Openshaw,  near  Manchester,  for  ^'certain im- 
provements in  the  construction  and  manufacture  of  wheels  for  use  upon 
railways  and  common  roads,  and  in  the  methods  of  preparing  and 
constructing  the  tyres  used  thereon." — Granted  March,  11  ;  Enrolled 
September  11,  1848. 

Fig.  1,  in  the  annexed  woodcuts  is  a  side  elevation  and  a  lon- 
gitudinal section,  showing  the  first  part  of  the  patentee's  inven-r 
tion. 


Fig.  1. 


Fig.  2. 


The  nave  a  is  made  of  cast-iron,  and  presents  the  same  appear- 
ance on  each  side  of  the  wheel,  having  six  projecting-arms  a',  a', 
with  sufficient  space  between  them  transversely  to  admit  of  the 
insertion  of  the  wooden  pieces  b,  b .  They  are  also  divided  in  the 
same  direction  by  the  radial  plates  a-,  a-,  wliile  the  circumferen- 
tial portions  «■',  n',  are  of  equal  breadth  and  extend  transversely 
between  them  in  the  recess  thus  formed.  On  each  side  of  the 
radial  plates  a  ,  a'-,  are  placed  one  of  the  wooden  pieces  b,  b,  one 
side  of  each  of  wliicli  is  prepared  so  as  to  abut  upon  the  radial 
plates  a',  a',  and  being  furnished  with  a  notch,  by  which  the  pro- 
jections of  the  circumferential  plates  a-',  a\  are  cleared,  they  im- 
pinge upon  each  other  radially,  till  they  re.ach  the  periphery  of  the 
wheel ;  all  lateral  action  being  prevented  by  dowels,  inserted  be- 
tween them.  The  opposite  sides  of  the  pieces  6,  b,  diverge  slightly 
from  tlie  radial  line  ;  and  between  tliem  tlie  wooden  wedges  d,  rf, 
which  are  prepared  to  a  corresponding  angle,  are  inserted,  and 
driven  on  towards  the  nave.  The  pieces  b,  b,  are  brought  firmly 
into  contact  witli  the  radial  plates  a",  a'\  their  escape  outwardly 
being  prevented  by  the  plates  a\  a-'.  When  these  wedges  are 
driven  up,  tliey  are  secured  to  the  nave  by  the  bolts  d',  d',  passing 
through  tliem  transversely,  any  lateral  motion  between  them  and 
the  pieces  b,  b,  being  prevented  by  metal  tongues.  The  wheel 
then  appears  like  a  disc  of  wood  with  an  iron  nave ;  and  in  this 
state  it  is  placed  in  a  lathe,  and  the  periphery  trimmed  and  turned 
to  the  required  diameter.  A  wheel  thus  constructed,  although 
without  a  tyre,  could  suffer  no  dismemberment  until  the  removal 
of  the  bolts.  The  methods  which  the  patentee  employs  for  se- 
curing the  tyres  to  the  wheel,  form  the  third  and  fourth  series  of 
improvements.  The  tyre  /'  upon  tliis  wlieel  is  slightly  convex 
upon  its  inner  circumference,  and  wlien  it  lias  been  put  upon  the 
wheel  in  a  heated  state,  and  allowed  to  contract  in  cooling,  this 
convexity  enables  it  to  assume  and  retain  a  more  eti'ectual  hold 
upon  the  wooden  portion  of  the  peripher)',  than  if  its  inner  cir- 
cumference were  a  flat  surface  of  the  ordinary  kind.  The  tyre  is 
secui-ed  to  the  nave  a  by  means  of  the  bolts  g,  g. 

Fig.  2,  is  a  front  elevation  and  longitudinal  section,  illustrating 
the  method  of  constructing  the  wheel  according  to  another  im- 
provement, p  is  the  tyre,  furnished  with  two  inner  flanges /)',  p-, 
the  space  between  which  is  equal  to  the  thickness  of  the  spokes 
r,  r,  transversely  :  this  tyre,  it  must  be  undei'stood,  is  laid  down 
cold,  and  the  spokes  are  then  arranged  in  order  witliin  it,  their 
motion  laterally  t)eing  prevented  by  flanges  at  a  sliort  distance 
from  the  point  of  abutment  of  the  spokes.  Upon  the  nave  s  they 
converge  on  each  side  in  lines  radiating  to  the  centre  of  the  wheel, 
or  to  some  centre  determined  by  practice  as  the  most  suitable, 
but  in  either  case  sufficiently  to  admit  of  the  insertion  of  the 
wedges  t,  t,  between  tliem.  These  wedges  are  driven  up  by  a 
tapering  mandril  and  by  other  mandrils  of  increasing  diameter 
successively  until  the  eft'ectual  contact  of  the  spokes  with  the 
inner  circumference  of  the  tyre  and  with  the  wedges  is  effected. 
The  %vheel  is  then  placed  in  a  lathe,  and  the  ends  of  the  spokes 
and  wedges  prepared  for  the  reception  of  the  nave,  wliich  may  be 
of  cast  or  wrought-iron.  The  nave  is  made  in  two  equal  parts, 
consisting  of  as  many  arms  *',  s\  as  there  are  wooden  spokes  to 
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the  wheel;  wliile  the  boss,  or  that  part  of  each  wliich  is  inserted 
in  the  wlieel  transversely,  is  made  slij^htly  taperinfc  towards  the 
other  :  tlie  \\igs  or  projections  *■  ,  «-',  which  correspond  with  the 
mimber  of  wedffes  t,  t,  are  made  equally  taiicring,  tlie  lieads  of  tiie 
ivedges  lieing  cut  away  to  receive  them,  and  the  recesses  thus 
formed  in  the  boss  impinging  u]ion  the  ends  of  the  spokes. 
Wlienever  the  bolts  which  secure  the  two  portions  of  the  nave 
witli  each  otlier  and  to  the  spokes,  are  screwed  up  by  the  nuts, 
their  action  upon  tlie  surfaces  of  the  boss  of  each  portion  of  the 
nave  causes  the  wedges  to  be  driven  up  further  between  the  spokes 
r,  r,  which  are  also  brought  into  more  effectual  contact  with  tlie 
inner  circumference  of  the  tyre,  as  a  small  space  is  left  between 
the  two  portions  of  the  nave  in  the  middle  of  the  wheel.  In  tliis 
wiieel  the  tyre  is  shown  attached  by  jagged  spikes,  one  of  which 
is  driven  into  each  spoke. 

The  next  improvement  consists  of  a  cast-iron  wheel ;  the  nave 
from  which  the  arms  radiate,  and  the  inner  or  cast-iron  tyre,  is 
formed  in  the  usual  manner,  the  outer  tyre  being  made  of  wrouglit- 
iron.  The  arms  of  the  wlieel  have  a  hollow  opening  or  slot,  extend- 
ing from  the  inner  tyre  to  the  nave ;  down  this  opening  the  bolts 
which  secure  the  outer  tyre  to  the  wheel,  pass,  and  are  held  by 
cotters  driven  transversely  through  the  nave,  under  the  first 
series  of  improvements.  One  great  advantage  of  this  method  is, 
that  as  the  outer  tyre  becomes  loose  by  continual  wear,  it  can  be 
tightened  and  held  fast  to  the  wheel  by  merely  driving  up  the 
cotters,  without  involving  the  necessity  of  re-tyring  the  wheel;  and 
this  applies  equally  to  wooden  as  to  ii-on  wheels.  The  fifth  part 
of  the  imin-ovements  refers  to  a  method  of  preparing,  dressing,  and 
finishing  the  outer  surface  of  tyres  for  railway  wheels,  by  grinding 
them  with  hard  stone,  instead  of  dressing  them  in  the  lathe 
in  the  ordinary  manner. 


HEATING  AND  VENTILATION. 

John  Brittekn,  of  Birmingham,  machinist,  for  "  certain  im- 
prwemeiits  in  heating,  lighting,  ventilating,  and  climing  and  screwing 
the  doors  of  apartments  ;  also  in  lighting  and  ventilating  carriages  ; 
parts  of  which  improvements  are  applicable  to  other  tike  purposes." — 
Granted  April  20;  Enrolled  October  20,  184.8. 

This  specification  is  so  comprehensive,  that  we  can  only  notice 
the  principal  objects  which  the  invention  is  intended  to  accomplish. 
In  the  first  place,  the  patentee  claims  a  mode  of  closing  fire- 
)ilaces  or  stoves  with  ground  glass,  introduced  like  panels  into  the 
iron  frame.  The  door  is  placed  in  front  of  the  fire,  and  is  not 
hinged  to  the  frame  of  the  stove  in  the  usual  manner,  but  rests 
upon  a  sliding  dimiper  below  the  bottom  of  the  fire  ;  thus  by  with- 
drawing the  damper,  the  door  is  also  withdrawn  at  the  same  time 
for  the  admission  of  air  to  the  fire.  The  door  is  kept  close  to  the 
frame  at  the  top  by  means  of  a  weighted  latch.  The  second  part 
of  the  invention  relates  to  the  ventilating  of  apartments.  This 
the  patentee  proposes  to  do  by  closing  up  the  fire-)ilaee  by  a  door, 
and  supplying  the  fire  with  air  by  means  of  a  pipe  from  the  top  of 
the  i-oom.  The  pipe  conveying  the  air  is  divided  into  two  branches, 
one  of  which  delivers  tlie  air  above  the  fire  directly  into  the  chim- 
ney, and  the  other  deli\ers  it  below  the  fire  to  aid  the  combustion 
of  the  fuel  :  it  is  provided  with  a  valve  or  damjier,  by  which  the 
intensity  of  the  fire  can  be  regulated  as  required.  x\nother  part 
of  the  invention  consists  of  a  candle-guard  to  prevent  candles  from 
glittering.  It  is  formed  by  a  cap,  which  is  jdaced  upon  the  top  of 
the  caiuile,  the  upper  part  of  the  cap  forming  a  ring  round  the 
melted  part  of  the  tallow,  and,  as  the  candle  burns  away,  the  cap 
descends  with  it  by  its  own  weight.  Improvements  in  the 
windows  of  carriages  are  comprised  in  this  specification  :  the  im- 
provements proposed  consisting  in  having  the  windows  to  open 
outwards  witli  hinges,  like  French  windows  of  houses;  and  a  pro- 
j<'cting  roof  to  the  carriage  is  proposed,  for  the  jiurpose  of  avoiding 
drafts.  The  hinges  and  locks  of  doors  come  next  within  the  scope 
of  the  patentee's  improvements.  Among  other  alterations,  he 
proposes  to  place  the  common  arm-spring  on  the  opposite  side  of 
the  door  to  that  on  which  it  is  usually  placed.  The  two  last  parts 
of  the  invention  relate  to  the  latches  and  locks  of  doors.  The 
patentee  describes  a  variety  of  methods  of  effecting  the  lifting  of 
the  latch  or  other  fastenings  of  doors,  by  simply  pulling  the  door- 
knob on  one  side  of  the  door,  or  by  pushing  in  on  the  other. 
The  pin  or  rod  connecting  the  two  knobs  is  so  connected  by  levers 
or  other  apparatus  to  the  latch  or  bolt,  that  any  motion  given  to 
it  will  lift  the  latch.  The  last  part  consists  in  a  mode  of  locking 
locks  without  the  aid  of  the  opening  key.     It  consists  in  forming 


the  pins  upon  the  tumblers  bevelled  on  one  side,  so  that  by  simply 
pushing  forward  the  bolt,  by  means  of  a  small  lever  attached  to  a 
handle,  the  pins  will  be  raised  from  their  respective  notclies  by 
tlieir  peculiar  sliajie,  and  thus  allow  the  bolt  to  pass ;  but  the  ver- 
tical faces  of  the  pins  fully  lock  the  bolt,  and  prevent  its  being 
forced  back  without  the  key. 


ROTARY  STEAM-ENGINE. 

Isaiah  Da  vies,  of  Birmingham,  engineer,  for  "  improvements  in 
steam-engines  and  locomotive-carriages;  parts  of  which  are  also  ap- 
pUcalde  to  other  machinery." — Granted  May  2;  Enrolled  November 

2,  18-t8. 

The  improvements  in  steam-engines  comprised  in  this  specifica- 
tion have  chiefly  reference  to  rotary-engines,  and  to  a  new  kind 
of  stuffing-box  adapted  to  the  shafts  of  such  engines,  for  the  pur- 
pose of  keeping  them  steam-tight,  where  the  shafts  pass  through 
the  curves,  with  little  friction.  The  patentee  uses  a  metallic 
packing,  which  consists  of  several  segments,  the  larger  set  of 
which  are  adapted  to  the  size  of  the  box,  and  are  furnished  with  a 
flange  piece  projecting  inwards  so  as  to  fit  the  shaft;  while  the 
inner  set  of  segments  are  placed  within,  so  as  to  rest  on  this  flange 
piece  :  the  whole  are  prevented  turning  by  two  fixed  ribs  running 
parallel  with  the  shaft.  These  segments  are  cut  so  as  to  leave 
about  one-eighth  of  an  inch  between  the  ends,  and  are  placed  so  as 
to  "  break  joint,"  as  it  is  technically  termed.  The  whole  are  forced 
up  by  spiral  springs,  placed  in  recesses  cast  in  the  box  :  the  steam 
has  access  to  the  back,  and  also  acts  as  a  spring  thereto.  Metal 
discs  are  placed  above  and  below  this  packing,  and  the  whole  is 
secured  in  the  usual  manner.  Another  improvement  consists  in 
fitting  the  piston  of  rotary-engines  to  the  shaft,  by  means  of 
three  feathers  let  into  the  shaft,  instead  of  keying  it  fast.  This 
is  to  prevent  the  piston  turning  on  the  shaft,  and  at  the  same  time 
to  admit  of  any  slight  end-mo\ement  consequent  on  its  application 
as  a  motive-powei',  without  giving  rise  to  a  great  amount  of 
friction,  which  would  otherwise  be  produced  in  the  cylinder. 
Another  part  of  the  invention  consists  in  working  the  expansive- 
valves  of  steam-engines  by  a  double-acting  cam,  so  that  by  moving 
a  lever,  which  changes  the  position  of  the  different  connections, 
the  steam  is  cut  oft'  at  a  different  point  of  the  stroke. 

The  mode  of  connecting  the  engine  in  locomotive-carriages  to 
the  driving-wheels  forms  another  part  of  the  patentee's  claims. 
The  engine  is  placed  midway  between  the  wheels,  within  the 
framing.  The  axle  projecting  through  has  a  suitable  crank  af- 
fixed at  each  end  ;  these  being  connected  by  the  rods  to  similar 
cranks  on  the  driving-axle,  describing  a  circle  of  the  proper 
radius  from  the  centre.  According  to  the  ordinary  method  of 
constructing  these  carriages,  (the  engine  being  a  fixture  to  the 
framing,  and  the  driving-axle  moving  vertically  in  the  axle-guards 
or  gabs),  the  distance  of  the  centres  must  be  increased  or  dimin- 
ished, as  the  points  are  nearer  or  farther  from  a  straight  line  :  to 
prevent  which,  the  patentee  constructs  the  axle-guards  in  portions 
of  circles,  struck  from  the  centres  of  the  engine-shaft  and  crank- 
pin  ;  consequently  the  axle-boxes  are  kept  at  the  same  distance, 
whatever  may  be  the  rise  and  fall  of  the  framing  on  the  driving- 
axles. 


LAYING-DOWN  OF  RAILS. 

Lewis  Dunbar  Brodie  Gordon,  of  Abingdon-street,  'West- 
minster, for  "««  inijirovement  or  improvements  in  railways." — 
Granted  May  9;  Enrolled  November  9,  1848. 

The  patentee  puts  in  five  claims  for  improvements  in  the  con- 
struction of  railways.  The  first  is  for  forming  the  ends  of  rails 
in  such  manner  that  the  end  of  one  shall  rest  upon  the  end  of  the 
next.  Second,  the  adaptation  of  thin  malleable  plate-iron  to  form 
the  sleepers  for  supjiorting  the  rails,  combined  with  a  mode  of 
fastening  the  chairs  to  the  sleepers.  Third,  a  mode  of  support- 
ing the  ends  of  adjoining  rails  by  a  trough  or  girder.  Fourth,  a 
mode  of  fastening  the  rails  in  the  chairs.  And  lastly,  a  mode 
of  preparing  the  keys  of  railway-chairs. 

The  first  of  these  improvements  consists  in  forming  the  ends  of 
tlie  abutting  rails  in  such  manner,  that  the  end  of  one  of  them 
shall  rest  upon  the  other ;  the  end  of  one  rail  being  cut  so  that, 
when  laid  in  the  chair,  it  shall  rest  as  well  upon  the  end  of  the 
rail  as  upon  the  chair.     In  the  second  improvement,  the  patentee 
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states  his  mode  of  forming  the  sleeper  as  follows.  The  chair  is 
cast  upon  the  sleeper.  A  plate  of  iron  of  about  15  or  16  inches  in 
width,  and  of  from  one-sixth  to  one-fourth  of  an  inch  in  thick- 
ness, is  then  to  be  bent  in  the  direction  of  its  breadth  into  a  cii'cu- 
lar  curve,  having  a  radius  of  from  about  30  to  36  inches  as  most 
desirable.  The  moulds  for  the  chairs  are  placed  in  the  fonndry  in 
the  exact  relative  position  to  each  other  that  they  should  occupy 
when  permanently  laid,  and  upon  them  is  placed  the  bent  plate, 
with  the  convex  side  downwards  to  the  moulds.  Tlie  cast-iron  is 
then  run  into  the  mo\ilds,  and  in  such  manner  as  to  imbed  in  the 
metal  of  the  chair  itself  a  portion  of  the  curved  plate ;  the  cast 
metal  being  of  about  the  thickness  of  half  an  inch  upon  the  upper 
side  of  the  plate.  Thus  will  the  chair  be  securely  cast  upon  the 
curved  plate,  and  firmly  fixed  without  any  bolts  or  pins.  In 
carrying  into  effect  the  third  improvement,  upon  the  sides  of  the 
chairs  are  projecting  pieces  or  ledges,  upon  which  the  girder  is 
placed.  The  one  shown  by  the  patentee  in  his  drawings,  is  of  a 
trough-shape,  that  is,  it  passes  along  beneath  the  rail  to  be  sup- 
ported, and  also  along  the  sides,  so  as  effectually  to  support  the 
rail.  The  mode  of  fastening  the  rails  to  the  chair  is  effected  by 
means  of  a  screwed  bolt  passing  through  one  of  the  cheeks  of  the 
chairs,  and  through  a  nut ;  it  is  screwed  through  the  nut,  and  not 
through  the  chair,  the  nut  fitting  into  a  recess  on  the  inside  of  the 
cheek  to  receive  it,  and  prevent  it  from  turning  when  tbe  pin  is 
screwed  up.  In  the  fiftli  improvement,  for  the  mode  of  preparing 
the  wood  keys,  the  patentee  proceeds  thus.  He  makes  a  varnish 
by  combining  with  any  of  the  di'ying  oils  red  lead,  in  the  propor- 
tion of  about  yV  to  50  °f  t''^  latter  :  these  are  to  be  subjected  to 
heat  for  several  hours,  and  while  at  the  temperature  of  about  450° 
Fahrenheit,  the  wood  kej's  are  immersed  therein,  and  the  wood 
becomes  thoroughly  impregnated,  so  as  to  withstand  the  tendency 
of  the  dryness  or  moisture  of  the  atmosphere  to  effect   its  bulk. 


MEASURING  WATER. 

Edward  Haigh,  of  Wakefield,  plumber,  and  manager  of  the 
Wakefield  AVaterworks  Company,  for  "  «»  invention /or  mensuring 
water  or  any  other  fluid." — Granted  May  9  ;  Enrolled  November  9, 
184.8. 

This  invention  for  measuring  water  or  other  liquids,  consists  of  a 
wheel  or  drum,  divided  vertically  by  a  partition,  which  contains 
on  each  side  three  measuring  chaml)ers.  Above  the  drum  is  a 
"  preparatory  cistern,"  into  which  the  liijuid  flows  from  two  feed- 
pipes, and  which  is  divided  into  four  parts.  The  water  flows  from 
this  cistern  in  two  streams  into  one  of  the  measuring  chambers  on 
either  side  of  the  partition  alternately  ;  so  that  while  one  chamber 
is  filling,  the  liquid  flows  through  the  machine  :  but  the  gauge- 
cocks  and  other  parts  of  the  machine  being  so  nicely  adjusted,  and 
its  being  made  to  register  twice  as  much  as  is  actually  measured, 
no  error  it  is  stated  can  occur.  This  dnim  is  mounted  on  a  hori- 
zontal spindle,  and  carries  at  one  end  a  toothed  wheel  which  gears 
into  a  toothed  pinion,  and  communicates  its  revolving  motion  to  an 
ordinary  indicating  apparatus  as  usual.  On  the  periphery  of  the 
vertical  partition  are  six  projecting  pins  (equal  to  the  number  of 
measuring  chambers),  which  catch  against  and  rest  upon  the  extre- 
mity of  a  tumbling  lever,  which  is  weighted  at  the  other  end  by 
a  ball ;  so  that  when  the  weight  of  the  water  in  the  measuring 
chamber  exceeds  that  of  the  regulator,  it  gives  way,  allows  the  pin 
to  fall,  the  chamber  to  turn,  and  the  water  consequently  to  flow  out. 
The  patentee  claims — "  An  apparatus  or  machine  consisting  of  a 
'preparatory  cistern'  in  connection  with  a  drum  or  wheel  contain- 
ing two  sets  of  measuring  chambers,  into  which  the  water  flows 
alternately  from  openings  in  the  '  preparatory  cistern,'  and  made 
to  revolve  by  the  liquid  ;  and  also  the  employment  of  the  tumbling- 
lever,  or  regulator,  as  before  described. 


MANUFACTURE  OF  IRON. 

Charles  Attwood,  of  Wolsingham,  Durham, j!)sq.,  for  a  "cer- 
tain improvement  or  improvements  in  the  manufacture  of  iron." — 
Granted  April  18  ;  Enrolled  October  18,  1848. 

The  object  of  this  invention  is  to  obtain  a  better  reduction  of 
small  pieces  of  the  ore  which  at  present  run  through  the  coke, 
&c.  to  the  bottom  of  the  furnace,  without  having  come  sufliciently 
in  contact  with  the  limestone  and  other  substances  usually  mixed 


with  the  ore  in  blast-furnaces.  The  small  pieces  of  ore  to  be  ope- 
rated on  are  mixed  with  a  bituminous  coal,  which  will  agglutinate 
in  the  process  of  coking,  in  the  proportion  of  about  one-fourth  of 
the  weight  of  the  coal.  The  mass  so  mixed  is  afterwards  coked  in 
the  ordinary  way  of  coking  coal  for  smelting  purposes,  and  the  ore 
becomes  involved  in  the  body  of  the  coke,  by  which  it  is  retained, 
till  freed,  by  the  subsequent  process  of  smelting.  Ore  so  combined 
cannot  fall  through  the  blast  furnace  faster  than  the  coke  with 
which  it  is  combined ;  it  will  therefore  have  abundance  of  time 
to  combine  with  carbon  to  the  required  extent,  before  it  reaches 
the  bottom  of  the  furnace.  With  regard  to  the  size  of  tlie  parti- 
cles of  ore  that  will  be  benefited  by  such  treatment,  anytliing 
from  the  size  of  a  hen's  egg  or  large  walnut,  down  to  the  smallest 
particles  of  dust,  it  will  be  proper  to  subject  to  such  combination 
with  coal  previous  to  coking;  but  anything  materially  larger,  it 
would  be  unnecessary  to  subject  to  such  treatment,  as  it  becomes 
properly  reduced  in  the  ordinary  method  of  smelting  iron. 

The  patentee  finds  that  coke  formed  of  the  kind  of  coal  found 
in  Durham  and  Northumberland  will,  after  having  been  coke<l 
and  combined  with  one  quarter  of  its  weight  of  ore,  bear  a  burden 
of  ore,  in  the  ordinary  manner  of  charging  the  blast  furnace, 
equal  to  the  same  weight  of  coke  without  such  combination  of 
iron  ore ;  it  therefore  becomes  improved  to  a  very  considerable 
degree,  independently  of  the  advantage  derived  from  a  proper 
reduction  of  the  smaller  particles  of  ore  effected  by  this  process. 


SELF-ACTING  SAFETY-VALVE. 

EnwARD  Walmsley,  of  Heaton  Norris,  Lancashire,  cotton 
spinner,  for  ^  certain  improved  apparatus  for  preventing  the  ejcplosion 
of  steam-boilers." — Granted  April  27  ;  Enrolled  October  27,  1648. 

This  invention  is  chiefly  applicable  to  low-pressure  boilers,  the 
safety-valves  of  which  are  lifted,  when  the  pressure  becomes  too 
great,  by  a  weight  of  water  forced  out  of  the  boiler  and  acting  at 
the  end  of  a  lever. 

This  apparatus  consists  of  a  vertical  tube,  containing  a  column 
of  water,  which  may  be  the  ordinaiy  feed-head.  In  this  the  water 
is  sustained  at  a  certain  height,  according  to  the  pressure  of  the 
steam.  A  little  higher  than  the  surface  of  the  water  is  placed  a 
lorizontal  branch-pipe,  leading  to  a  descending-tube,  down  which 
the  water  flows  when  forced  over  by  any  undue  pressure  in  the 
joiler.  Immediately  under  the  descending  pipe  is  placed  a  small 
circular  jian  with  a  bottom  slightly  conical,  suspended  on  the  end 
of  a  long  lever.  Tliis  lever  forms  a  continuation  of  the  safety- 
valve  lever  from  the  fulcrum  in  an  opposite  direction  to  the 
weighted  end,  and  is  so  adjusted,  that  when  the  pressure  of 
the  steam  is  at  the  proper  height,  it  will  be  nearly  in  equilibrium, 
the  preponderance  being  slightly  in  favour  of  the  weighted  end  of 
the  lever.  When  the  pressure,  becomes  too  high,  the  water 
column  will  be  elevated  so  as  to  run  down  the  pipe,  and  will  be 
caught  in  the  pan.  This  additional  weight  of  water  causes  that 
end  of  the  lever  to  preponderate,  which  will  immediately  descend, 
thereby  raising  the  safety-valve.  The  pan  is  furnished  with  a 
small  valve  in  the  bottom,  having  a  short  stem  projecting  through, 
so  that  on  completing  its  descent  this  pin  comes  in  contact  with  the 
bottom  of  a  receiver,  thus  raising  the  valve  and  allowing  the  water 
to  flow  out.  The  steam  in  the  mean  time  having  been  reduced  to 
its  ordinary  pressure,  the  whole  assumes  its  original  position. 

A  second  improvement  consists  of  an  apparatus  for  opening  a 
valve  in  a  channel  leading  into  tlie  tire-place,  directly  above  the 
dead  plate.  The  cover  of  this  channel  is  connected  with  tlie  op- 
posite end  of  a  lever  from  which  the  float  is  suspended.  In  the 
event  of  the  water  falling  below  the  proper  level  in  the  boiler,  the 
float  will  consequently  sink,  thereby  causing  the  opposite  end  of 
the  lever  to  remove  the  cover  from  the  air-channel,  and  allow  a 
current  of  cold  air  to  pass  through  the  fire.  Tlie  same  principle 
is  scarcely  aiiplicable  to  high-pressure  boilers,  because  the 
column  of  water  would  requii-e  to  be  inconveniently  high.  To 
obviate  this  difficulty,  the  patentee  employs  only  a  short  length  of 
vertical  tube,  thi'ough  which  however  tiie  water  does  not  rise 
until  the  safety-valve  has  been  raised  by  the  pressure  of  the 
steam  ;  the  weight  of  water  being  in  this  case  only  a  supplemental 
assistant  in  opening  the  valve  farther  after  it  has  been  raised  by 
the  steam-pressure. 
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COUPLING  IRONS. 

Damki,  Rice  Pratt,  of  AVorccster,  United  States  of  America, 
for  "  niinhiiiri-i/  fi.r  cdinierliiig  railway  carriages" — Granted  April 
27  ;  Enrolled  ()ctober  27,  IHl's. 

This  specification  describes  a  mode  of  constructing  what  the 
patentee  calls  a  self-actinf>:  couplinff,  for  connecting  together 
railway  carriages.  The  object  to  be  effected  by  tlie  use  of  it  is, 
that  when  two  carriages  to  which  it  is  ap]ilied  are  brought  toge- 
ther, end  to  end,  tlie  coupling  connects  and  secures  itself.  It  is 
formed  of  a  nuneable  and  peculiarly-shaped  hook,  to  which  the 
draw-link  attaches  itself.     It  is  represented  in  the  annexed  figure, 


A,  A',  being  the  two  ends  of  the  draw-bars  of  two  separate  car- 
riages. The  ends  of  the  draw-bars  are  provided  with  the  concave 
huffing-plate  B,  B' ;  a  hole  passes  through  the  centre  of  each 
buffing-plate  and  into  the  ends  of  the  draw-bars,  through  which 
])asses  tlie  coupling-link  C.  Hooks  D,  D',  are  jointed  to  the  draiv- 
bars  by  fulcrum-jiins,  upon  which  the  hooks  are  at  liberty  to  move. 
They  are  of  the  peculiar  shape  shown,  and  the  ends  so  formed, 
that  when  the  end  of  the  coupling-link  passes  through  the  hole 
into  the  interior  of  the  draw-bar,  it  comes  against  the  end  hook 
D",  and  thereby  raises  it  sufficiently  to  allow  the  end  of  the 
coupling-link  to  pass  under  the  end  of  it;  so  soon,  however,  as 
the  end  of  the  link  has  thus  passed,  it  comes  in  contact  with  the 
other  end  D"  of  the  hook,  and  depresses  it,  and  also  the  other 
end  D"  takes  hold  of  the  link  and  retains  it  fast.  The  hook  may 
he  released  by  means  of  a  cord  or  chain  attached  to  the  upper 
part  of  it  being  pulled,  and  thereby  raised.  The  patentee  states, 
his  improvement  may  be  attached  to  all  descriptions  of  railway 
carriages,  whether  with  or  without  spring-buffers  and  draw-rods  ; 
and  he  claims  the  hook,  in  conjunction  with  the  coupling-link 
described. — Patent  Journal. 


THE  BLAST  OF  ENGINE- FURNACES. 

Eugene  Ablon,  of  Panton-street,  Haymarket,  for  '■'■improvements 

in  increasing  the  draft  in  chimneys  of  locomotive  and  other  engines." 

Granted  April  8 ;   Enrolled  October  8,  1818. 

The  object  of  this  invention  is  to  produce  a  steady  draft  or 
blast  in  the  furnaces  of  locomotive  engines  more  particularly,  by 
causing  a  quantity  of  atmospheric  air  to  be  drawn  into  tlie  chimney 
by  the  action  of  the  escape-steam.       In   the  annexed  woodcut 


c  c,  c,  represents  the  form  of  the  pipe  by  which  the  air  is  admitted 
into  the  chimney,  the  mouth  d  being  enlarged  for  the  entrance  of 
the  air.  The  following  are  the  proportions  of  the  pipe,  to  which 
considerable  importance  is  attached  by  the  patentee  : — The  open- 


ing of  the  escape-pipe  being  circular,  to  ascertain  its  surface  and 
its  diameter  it  is  necessary  to  measure  the  size  of  (me  of  the 
cylinders  of  the  engines  of  the  locomotive  in  cubic  inches,  and  by 
deducting  the  cube  of  the  ])iston  (measured  in  the  same  way)  the 
number  of  cubical  inches  remaining  being  divided  by  three  hun- 
dred and  ninety-four,  the  quotient  of  that  division  will  indicate 
the  number  of  si|uare  inches  that  the  opening  of  the  escape-pipe 
should  have,  'ihe  diameter  of  tlie  opening  of  the  escape-pipe 
is  to  the  diameter  of  the  cylindrical  part  as  four  is  to  five.  The 
height  6',  i",  of  that  cylindrical  part  is  equal  to  five  times  the 
diameter  A',  d".  The  diameter  4',  d\  of  the  part  h',  is  to  the 
diameter  of  the  part  c,  f,  as  five  is  to  seven,  and  its  height 
6,  d',  is  equal  to  the  diameter  6,  6,  of  the  opening  of  the  escape- 
pipe  K.  Tlie  locomotive-engine  being  put  into  motion,  the  steam 
from  the  boiler  passes  through  the  escape-pipe  o,  and  produces  in 
it  a  jiowerful  suction  of  air,  which  flows  into  that  pi]ie  through  its 
mouth  d  ;  and  its  acquired  speed,  it  is  stated,  remains  in  it  constant 
on  account  of  its  inertia,  and  although  the  action  of  the  escape  of 
steam  be  intermittent.  Then  a  powerful  current  of  air  mi.xed 
with  steam  escapes  in  the  chimney,  and  produces  a  powerful  un- 
interrupted draft.  The  pipe  through  which  the  air  passes  may  be 
arranged  in  any  other  form  around  the  chimnej',  and  may  enter 
into  the  smoke-box  by  one  of  its  lateral  sides  instead  of  entering 
by  the  front.  The  patentee  claims  the  mode  of  arranging  appa- 
ratus whereby  currents  of  steam  and  air  are  brought  to  act  toge- 
ther in  the  chimneys  of  locomotive  and  other  engines,  so  as  to 
accelerate  the  draft  therein. 


IMPROVEMENTS  IN  SEWERS. 

Design  for  a  Diaphragm  Double  Sewer,  for  separating  or  combining 
House-drainage  and  Surface-drainage. — Registered  by  W.  B.  >Iop- 
FATT,  Esq.,  of  Spring-gardens. 

The  annexed  engraving  represents  a  design  for  a  main  sewer, 
the  novelty  of  which  consists  in  forming  it  in  two  separate  cham- 
bers, the  upper  or  larger  portion  A  forming  a  subway  for  means 
of  access  to  the  lower  sewer  B,  and  house-drains  E,  E,  and  also 
for  the  passage  of  surface-water  from  inlets  D,  D.  It  may  also  be 
used  for  electric  telegraph,  gas,  or  water  pipes,  so  as  to  prevent 
the  breaking  up  of  the  pavement.  A  tube  may  also  be  inserted 
above  the  level  of  the  inlet  D,  for  placing  service-water  or  gas- 
pipes  to  houses,  &c. 


The  engraving  represents  a  transverse  vertical  section  of  a 
sewer  constructed  on  the  principle  described,  showing  the  dia- 
phragm and  trap. 

A,  the  subway.  B,  the  main  sewer,  which  is  separated  by  the 
diaphragm  C.  This  diaphragm  is  continued  throughout  the  entire 
length  of  the  sewer,  but  has  inserted  at  intervals  a  moveable  trap 
F,  which  may  be  raised  for  cleaning  the  house-drains  and  main 
sewer,  if  required,  and  may  be  used  for  flushing  with  surface 
water.  E,  E,  inlet  for  house-drainage.  D,  D,  inlet  for  surface- 
drainage. 

Protection  has  been  obtained  for  the  diaphragm  C,  and  trap  F, 
which,  together  with  the  separate  passages  A,  B,  are  new,  as  ap- 
plied in  the  manner  herein  shown. — Patent  Journal. 
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JOINTING  CLAMP. 

Jointing  and  Compressing  Screw  Cramp. — Patented  by  Mr.  James 
KiiiBERLEy,  of  Inge-street,  Birmingham. 


The  accompanyinaf  enfrravinfj  fully  explains  the  nature  of  an 
ingenious  clamp,  to  be  applied  for  jointing  of  floors,  &c.  Its  con- 
struction is  extremely  simple,  and  its  power  great,  and  it  can  be 
easily  fixed  and  removed.  It  is  applicable  in  all  cases  where  two 
bodies  require  a  fixity  and  perfect  union,  and  in  the  laying  of 
floors  it  compresses  the  boards  very  gradually  and  truly  together. 
It  does  not  require  the  workman  to  rise  oif  his  knees  when  using 
it  (as  in  all  former  ones)  to  efl^ect  a  leverage,  one  progressive  and 
uninterrupted  motion  only  being  wanted;  moreover,  it  can  be  left, 
with  its  full  pressure  upon  its  work  when  necessary,  unattended, 
and  with  perfect  safety.  Amongst  builders,  shipwrights,  coach- 
mnkers,  and  others,  a  cramp  to  improve  upon  the  ponderous  and 
tedious  action  of  the  present  kinds  in  use,  has  been  an  object  long 
looked  for,  and  the  one  described  appears  to  be  an  invention  which 
will  prove  a  great  auxiliary  to  the  working  department  of  every 
one  engaged  in  the  above  pursuits, — as  multiplying  power,  re- 
ducing labour,  and  increasing  disjiatch.  It  is  contrived  in  but 
few  parts,  and  breakage  or  derangement  appears  impossible.  The 
cost  of  the  instrument  is  two  guineas. 


NEW  LEVER  VICE. 

The  accompanying  cut  and  description  will  explain  the  principle 
of  a  new  lever  vice,  patented  by  Messrs.  J.  Peck  and  L.  Pardee, 
of  the  United  States.  The  following  qualities,  it  is  claimed,  give 
it  a  decided  superiority  over  all  over  vices : — 


Greater  strength  than  any  other  vice  of  equal  weight  possesses. 
Greater  power,  and  so  applied  as  to  save,  in  work  requiring  fre- 
quent changes,  at  least  one  hour  in  ten,  as  it  is  worked  entirely  by 
the  foot,  without  the  necessity  of  laying  down  a  file,  or  other  tool, 
or  without  any  use  of  the  hand,  whatever.  It  can  be  changed  to 
receive  work  from  one-sixteenth  of  an  inch,  to  eight  or  ten  inches 
in  width,  as'easily  and  as  quickly  as  any  other  vice  can  be  moved 
one-fouith  of  an  inch.     And  heavy  work,  requiring  both  hands  to 


lift,  can  be  easily  placed  in  the  vice,  without  calling  the  assistance 
of  a  second  man  ;  it  will  soon  pay  for  itself  in  saving  of  time.  It 
is  much  easier  for  the  labourer,  the  strain  upon  the  breast  in  turn- 
ing up  a  screw  is  entirely  avoided,  and  the  vice  can  be  closely  ap- 
proached without  being  obliged  to  bend  the  body  over  the  end  of 
the  screw,  as  in  other  vices.  When  the  vice  is  forced  up,  it  be- 
comes more  firmly  attached  to  the  bench  than  any  other  vice  can 
be,  rendering  the  whole  much  more  solid,  which  in  chipping,  and 
other  heavy  work,  is  very  desirable. 

H,  sliding  jaw.  b,  jointed,  or  swinging  jaw.  c,  rail  on  which  the 
sliding  jaw  moves.  (/,  click  which  catches  in  ratchet  on  rail  c,  and 
holds  the  sliding  jaw  firmly  where  placed.  p,  jointed  lever  (elliow 
joint),  which  turns  on  pins  e  e,  and  is  attached  to  ])rong  of  rail  c, 
and  the  lower  end  of  the  swinging  jaw.  y,  foot-lever  with  joint 
attached  to  leg  of  bench,  and  connected  by  rod  /  with  jointed 
lever,  h.  click  wliich  catches  in  ratchet  at  the  foot  of  tlie  forward 
bench  leg,  and  holds  the  jaws  firmly  as  forced  up  by  the  combined 
levers ;  it  is  easily  tripped  with  tlie  foot.  /  is  a  spiral  spring 
which  lifts  the  foot-le\er,  and  throws  open  the  jaw. 


THE  GREAT  AMALGAMATION. 

The  great  amalgamation  of  the  three  companies,  the  London 
and  North-AVestern  Railway,  the  Great  AVestern  Railway,  and  the 
South-AVestern  Railway,  is  attracting  the  attention  not  only  of 
railway  men,  but  of  the  public  at  large.  Considered  as  an  amal- 
gamation of  fifty  millions  of  capital,  it  is  certainly  the  largest 
financial  operation  of  the  kind  yet  efi'ected.  The  capital  of  the 
Bank  of  England  is  not  a  third  part  of  that  of  the  Great  Amalga- 
mation ;  the  union  of  the  two  East  India  Companies,  which  re- 
sulted in  that  which  now  exists,  was  not  equal  in  importance  ;  the 
South  Sea  Company  did  not  jiropose  to  touch  so  large  an  amount 
of  capital.  Abroad  no  example  is  to  be  found  of  a  private  enter- 
prise so  great.  Yet,  considered  in  its  individual  features,  the 
measure  does  not  bear  that  unprecedented  chiiracter.  The  an- 
nexation of  the  Great  Western  to  the  London  and  North- 
AVestern,  is  not  greater  than  the  annexation  of  the  Grand  Junction 
to  the  London  and  Birmingham  ;  and  the  annexation  of  the  South- 
western is  of  still  less  importance.  It  is  therefore  tlie  aggregate 
to  be  constituted  which  gives  character  to  the  measure. 

To  hold  forth  any  certain  views  with  regard  to  the  course  likely 
to  be  followed  by  the  managers  of  this  system  of  policy  is  in  so 
far  futile,  as  it  is  by  no  means  sure  that  they  have  a  design  of 
ultimately  carrying  it  out  in  good  faith.  AA'hen  we  consider  what 
temporary  objects  the  proposition  of  such  a  plan  is  calculated  to 
serve,  regardless  of  its  execution,  it  is  prudent  to  hesitate  before 
we  assume  too  hastily  how  it  will  be  carried  out.  If  we  recollect 
that  there  is  no  compulsion  on  one  of  the  chief  members  of  the 
league  (namely,  the  Great  Western,)  to  amalgamate;  if  we  recol- 
lect that  a  purposed  contest  has  been  long  carried  on,  and  has  ended 
in  the  achievement  of  the  objects  by  the  party  last-named  ;  when  we 
consider  the  ambition  of  their  views,  and  the  indisposition  of  the 
London  and  North- Western  shareholders  towards  them,  we  must 
feel  how  uncertain  is  it,  so  far  as  the  parties  themselves  are  con- 
cerned, whether  they  will  persevere, — and  still  more  uncertain, 
whether  they  will  be  allowed  by  the  legislature,  in  opposition  to 
the  public  voice  and  interests,  to  carry  out  the  measure  in  the 
form  in  which  the  several  boards  may  settle  it  with  each  other. 

It  happens  (not  unexpectedly  to  those  who  know  anything  of 
the  parties)  that  the  avowed  object  of  this  league  is  to  raise  fares, 
and  constitute  a  monopoly;  and  no  time  could  be  more  unluckily 
chosen  for  the  promotion  of  such  designs.  Three  years  ago,  the 
high-ftre  party  were  beaten  by  the  conclusive  evidence  of  facts, 
and  forced  to  give  way  to  a  policy  which  gained  .neither  their  con- 
viction nor  their  sympathies.  And  as  they  have  ever  since  been  on 
the  look-out  for  the  opportunity  of  reverting  to  their  old  course, 
the  moment  a  decline  took  place  in  railway  dividends,  it  was 
instantly  asserted  that  it  was  owing  to  the  lower  fares  and  in- 
creased accommodation  :  and  the  directors,  seconded  by  the  sym- 
pathies of  shareholders  of  their  own  school,  have  lost  no  time  in 
doing  away  with  the  day-tickets,  raising  the  fares,  and  diminishing 
the  number  of  trains, — and  this  is  but  the  beginning. 

It  has  not  been  asked,  what  were  the  reasons  which  led  to  the 
adoption  of  the  low-fare  system, — it  is  quite  forgotten  that  it  was 
the  experience  of  its  success  which  was  the  cause  ot  its  adoption;  and 
some  inquiry  it  would  be  thought  might  be  made,  before  its  abandon- 
ment was  determined  on.     At  any  rate,  while  the  country  was  in  its 
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ordinary  state,  the  low-fare  sj'stem  was  fully  competent  to  (five  t;ood 
dividends  ;  and  it  is  therefore  quite  {froundless  to  assert  tliat  it  has 
ceased  to  be  able  to  do  so,  or  tliat  it  is  the  cause  of  lower  dividends. 
J^o  one  ever  supposed  or  asserted  tliat  that  system  was  competent 
to  frive  a  maximum  dividend,  irrespective  of  all  other  causes  ;  and 
still  less  that  the  low-fare  system,  or  the  high-fare  system,  or  any 
system,  could  jjivetlie  same  amount  of  dividend,  in  defiance  of  the 
depression  resulting  from  the  greatest  financial  and  political  crisis 
which  the  world  has  yet  seen, — and  (if  we  take  into  account  the 
failure  of  the  grain,  potato,  cotton,  sugar,  and  other  crops,  and  the 
prevalence  of  cholera,  influenza)  and  the  greatest  physical  crisis. 

If  we  were  to  sit  dow  n  and  estimate  before-hand  what  would 
be  the  results  of  such  a  crisis,  we  surely  could  not  be  surprised 
at  a  falling  oif  of  dividends  from  ten  to  seven  per  cent.  ;  and  if 
we  had  a  fore-knowledge  of  such  a  crisis,  we  should  be  able  to 
decide  that  there  must  he  a  falling-off  in  the  business  of  the 
country,  such  as  after-knowledge  proves.  This  is  a  truism  :  and 
it  is  perfectly  idle  to  charge  the  diminution  of  revenue  on  the 
fare  system.  That  there  has  been  a  diminution  consequent  on  the 
opening  of  a  great  number  of  branches,  we  believe ;  but  that  is  to 
a  great  extent  a  necessary  evil,  and  is  temporary  in  its  operation  ; 
at  all  events,  the  public  are  not  to  suffer.  Those  gentlemen 
who  were  very  anxious  for  "calves"  and  new  shares  in  184.5,  and 
who  pocketed  the  premiums  upon  them,  are  not  to  turn  round  in 
18 IS,  and  make  the  public  pay,  because  their  branches  are  not  yet 
yielding  the  full  ten  per  cent.  At  the  same  time  we  believe,  as 
said  in  some  letters  in  the  Morning  Herald  on'^^Rnihvay  Legislation 
and  Railway  Administration,"*  that  the  uniform  fares  have  pressed 
heavily  on  some  of  the  branch  lines;  for  with  a  new  and  unde- 
veloped traffic,  an  absolutely  low-fare  is  of  no  good;  because  it  has 
no  effect  in  diverting  the  old  traffic  on  to  the  line  of  railway,  and 
which  time  is  the  chief  agent  in  effecting.  A  reduction  in  fares 
will  stimulate  a  traffic  already  existing,  but  has  not  such  great 
effect  in  diverting  traffic  from  accustomed  routes,  and  in  overcom- 
ing the  prejudices  of  old  women  and  obstinate  men.  The  remedy 
proposed  for  this  is  a  practical  one;  and  that  is,  to  give  the  Rail- 
way Board  the  power  of  allowing  alterations  in  the  tariffs  of  fares 
beneficial  to  the  companies  and  to  the  public.  The  writer  just 
named  has  pointed  out  that,  so  far  from  fares  being  raised,  they 
might,  if  the  companies  had  the  power,  be  beneficially  lowered  to 
many  of  the  great  towns  and  places  of  chief  resort ;  whereby  the 
revenues  of  the  companies  would  be  much  increased.  A  Railway 
Board,  to  be  good  for  anything,  should  have  the  power  of  miti- 
gating those  regulations  which  press  harshly  on  the  publicand  the 
companies:  and,  as  the  writer  in  question  has  shown,  there  is  great 
room  for  the  exercise  of  such  discretionary  functions  in  the  case 
of  amalgamations,  loans,  new  stations,  fares,  preference  shares, 
and  many  minor  arrangements  for  wliich  the  expense  and  delay  of 
an  act  of  parliament  is  now  needlessly  required. 

If,  every  time  there  is  a  commercial  panic,  the  business  and 
energies  of  the  country  are  to  be  still  further  depressed  by  the 
railways  putting  the  screw  on  to  the  means  of  conveyance,  the 
public  will  find  the  need  of  ridding  themselves  of  such  an  oppres- 
sion ;  and  an  additional  argument  will  be  furnished  for  taking 
railways  into  the  hands  of  the  government. 

Altogether,  the  policy  of  abridging  the  public  accommodation  is 
as  odious  as  it  is  unprofitable,  but  it  is  held  by  a  certain  school  who 
are  amongst  the  worst  enemies  the  railway  system  has  ever  had. 
Mr.  Glyn  has  always  advocated  monopoly,  high  fares,  and  govern- 
ment meddling;  and  his  brother  chairmen  have  much  the  same 
views.  They  have  already  met  severe  rebuffs  in  the  narrow  policy 
to  which  they  are  attached;  but  in  the  present  instance  failure  is 
sure  to  attend  them,  whether  successful  or  unsuccessful  in  carrying 
a  bill  through  parliament.  Tlie  public  are  fully  aware  of  the  mo- 
tives on  which  it  is  founded ;  and  either  a  bill  will  be  granted,  ac- 
companied by  such  stipulations  as  permanently  to  reduce  tl^income 
of  the  companies,  or  free  competition  in  railways  will  be  allowed, 
the  result  of  which  will  be,  at  an  early  date,  a  cheap  line  between 
London  and  Birmingham.  One  railway  man  already  talks  of  a  line 
at  cts,000  per  mile ;  and  it  is  practicable.  In  either  case  the  ex- 
pectations of  the  shareholders  will  be  greviously  deceived ;  and 
therefore  we  say,  failure  must  result. 

Mr.  Glyn  is  himself  one  of  the  authors  of  the  present  difficulties, 
for  it  was  he  who  advocated  the  limitation  of  dividends  to  ten  per 
cent.,  and  its  enactment  by  tlie  legislature;  a  measure  uncalled  for 
and  injudicious,  for  while  it  did  not  propitiate  those  who  olijocted 
to  railway  profits,  it  trammelled  the  companies.  While  there  are 
famines  and  panics,  traffic  must  fluctuate, — and  therefore  profits 
must  fluctuate.     While  the  object  is  to  declare  a  maximum  divi- 
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dend  of  ten  per  cent.,  there  are  no  means  of  forming  a  reserve  to 
equalize  the  dividends  ;  but,  were  there  no  restriction,  profits  above 
ten  per  cent,  would  be  reserved  to  keep  up  the  dividends  in  un- 
favourable years.  This  is  now  rendered  impossible,  whereby  very 
great  hardships  are  inflicted  on  railway  shareholders.  The  least 
that  should  have  been  given  is  an  average  ten  per  cent,  from  the 
time  of  opening. 

The  railway  system  is  yet  in  its  infancy  ;  and  nothing  can  be 
more  unwise  than  the  constant  efforts  to  shackle  it  and  to  cramp 
it ;  and  the  more  directors  attempt  to  do  so,  the  more  they  peril 
the  existence  of  the  undertakings  to  which  they  belong.  Inte- 
rested and  prejudiced  parties  may  choose  to  assert  that  nothing 
more  can  be  done ;  but  whoever  looks  at  the  history  of  the  last 
twenty  years  will  never  dare  to  tie  himself  down  to  any  such  con- 
ditions. It  is  tlie  very  result  of  improvement,  that  it  allows  fur- 
ther improvements  to  be  made.  It  would  never  answer  to  make  a 
machine  for  half  a  dozen  pins ;  but  when  thousands  are  wanted 
machines  are  set  up.  A  great  traffic  makes  e.xpensive  engines 
cheap  ;  a  high  speed  authorises  those  means  which  were  before  un- 
thought  of.  After  all,  dare  any  one  say  tliat  engines  cannot  be 
made  lighter,  rails  cheaper,  bridges  and  viaducts  of  readier  con- 
struction, and  gradients  of  greater  inclination  ?  The  claimants  to 
effect  these  things — nay,  who  are  now  doing  them, — are  already  at 
the  doors ;  the  minds  of  thousands  of  ingenious  men  are  at  work 
in  inventing  new  and  cheaper  modes  of  traction  ;  the  resources  of 
science  ared  ally  becoming  greater  ;  and,  since  light  and  electricity 
have  been  enlisted  among  the  servants  of  man,  a  new  impulse  has 
been  given  to  the  applications  of  art. 

The  demand  for  a  monopoly  forcibly  recalls  all  the  evils  of  our 
present  system  of  legislation  on  public  works.  The  Morisonian 
and  Doctrinaire  calls  out  for  a  government  system  of  railways,  and 
relies  on  the  Amalgamationists  to  prove  his  case  :  those  w  ho  advo- 
cate freedom  in  public  works  equally  profit  by  the  same  circum- 
stances. Conviction  is  gaining  ground,  even  among  the  railway 
press,  who  have  hitherto  been  staunch  advocates  of  the  old  com- 
panies, and  opposed  the  introduction  of  new  ones.  Herapath's 
Journal'"  very  well  points  out,  that  in  the  district  of  the  Great 
Amalgamation  there  is  room  for  thrice  or  four-fold  the  number  of 
railways.  And  urges  that  the  monopolists  will  neither  make  them 
themselves  nor  allow  others  to  make  them.  It  should  be  added, 
neither  will  the  government  make  them,  should  it  get  hold  of  the 
railways;  and  thus  the  progress  of  the  country  in  its  struggle  with 
manufacturing  and  commercial  rivals  may  be  irretrievably  impeded  ; 
for  if  we  stand  still,  other  countries  will  not;  and  as  it  is,  we  are 
already  too  much  fettered.  Nothing  short  of  freedom  in  the  con- 
struction of  public  works  can  secure  us  against  high  charges  or  in- 
adequate accommodation  ;  and  let  us  have  but  that  freedom,  and  the 
Great  Amalgamation  may  be  allowed  to  charge  whatever  fares  they 
like.  It  is  not  true  that  competition  in  railways  cannot  exist :  the 
question  has  never  been  carefully  discussed  ;  for  the  railway  parties 
who  have  discussed  it  have  thought  themselves  bound  to  monopoly. 
Till  the  poorer  classes  of  this  country  can  be  conveyed  on  suitable 
terms,  wo  shall  not  have  reached  the  limits  of  fair  accommoda- 
tion ;  and  we  want  thousands  of  miles  of  railway  to  do  this.  In 
another  part  of  this  journal  it  is  shown  that  the  traffic  of  the  ex- 
isting railways  is  but  a  fraction  of  the  whole  traffic  of  the  country  : 
indeed,  the  extension  of  the  means  of  economical  conveyance  is 
most  urgent. 

When  the  Amalgamation  Bill  comes  to  be  discussed  in  parlia- 
ment, it  is  very  likely  its  supporters  may  be  little  inclined  to  go  on 
with  it.  Their  strength  in  the  House  of  Commons  is  great ;  but 
the  exposure  of  the  discussion  will  of  itself  be  a  severe  shock, 
while  the  possible  political  operations  are  menacing.  To  a  large 
party  in  the  house  a  tempting  opportunity  is  offered,  of  gratifying 
the  people  at  the  expense  of  the  shareholders ;  cheap  travelliujif 
will  save  the  members  from  putting  taxation  on  a  fair  basis,  or 
giving  the  people  a  share  in  the  government.  The  C'heap  Travel- 
ling Bill  will  be  the  measure  of  the  session ;  members  may  look 
their  constituents  in  the  face,  and  say  they  have  done  something ; 
and  the  character  of  the  Do-nothing  Parliament  will  be  retrieved. 
The  temptation  to  the  government  is  very  sore  :  financial  reforms 
deprive  them  of  patronage  in  the  customs,  dockyards,  and  excise ; 
and  taking  possession  of  the  Great  Railway  Amalgamation  will 
give  them  compensation,  without  alarming  the  opponents  of  patron- 
age and  prerogative,  and  to  the  gratification  of  those  who  think 
that  the  government  should  have  legitinvite  means  of  securing  a 
majority.  Neither  Whigs  nor  Tories  can  withstand  such  a  chance, 
in  which  both  have  an  interest, — one  contingent,  the  other  im- 
mediate. 
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The  catastroplie  of  a  government-purchase  Mr.  Gl_vn  may  anti- 
cipate, and  may  have  laid  this  trap  to  effect,  for  he  has  always 
been  a  consistent  supporter  of  such  a  coux'se ;  but  these  are  rather 
dangerous  times  in  which  to  try  such  strokes  of  policy.  If  a  sop 
must  be  given  to  the  people,  raiiWays  will  be  sacrificed  here,  as  in 
France  the  provisional  government  proposed  they  should  be, 
under  the  amiable  desire  to  gratify  the  people  at  the  expense  of 
anybody.  And  English  capitalists  have  already  much  suffered, 
although  the  whole  measure  has  not  been  carried  out. 

The  position  of  the  Great  AV^estern  Railway  under  its  shrewd 
leader,  Mr.  Saunders,  is  the  great  element  in  the  problem.  He 
has  succeeded  in  getting  the  means  of  coercing  the  London  and 
North- Western  after  hard  fighting ;  and  he  is  not  likely  now  to 
rate  peace  so  highly  as  to  give  up  for  it  the  fruits  of  victory, 
which  offer  themselves  to  his  hands.  What,  too,  is  to  be  done 
with  the  broad  gauge  ?  After  all  the  service  it  has  done  to  the 
public,  is  it  to  be  set  aside  ?  What  compensation  are  the  Great 
Western  to  get  for  their  varied  claims  ?  These  are  all  questions 
to  be  solved,  and  to  be  solved  satisfactorily  in  a  pecuniary  sense, 
or  it  is  very  certain  amalgamation  will  not  go  on.  Mr.  Saunders 
has  fought  to  get  something,  and  he  wUl  have  it. 

Mr.  Glyn's  motives  in  bringing  about  the  amalgamation  ai-e  ap- 
preciable. He  effected  that  with  the  Grand  Junction — he  stayed 
the  dissension :  and  to  carry  out  a  further  amalgamation,  and  to 
appease  a  most  dangerous  competition  are  still  greater  measures. 
Can  he  pay  the  price  ?  His  shareholders  have  for  years  been  plied 
with  the  most  rancorous  insinuations  by  the  narrow-gauge  advo- 
cates ;  and  will  tliey  in  this  day  accede  to  those  terms,  without 
which  the  Great  Western  will  not  give  up  their  vantage-ground. 
The  South-AVestern  directors  and  shareholders  are  glad  to  snap  at 
anything ;  but  the  Old  Grand  Juncti(m  shareholders,  and  the  share- 
holders in  the  Liverpool  and  Manchester  Railways,  (who  have  had 
their  dividends  cut  down),  are  notlikely  to  hear  calmly  any  propo- 
sition for  giving  high  terms  to  a  company  which  they  have  been 
taught  to  believe  is  overcharged  with  liabilities,  paying  dividends 
out  of  capita],  and  pursuing  a  ruinous  system  of  management. 
These  falsehoods  have  been  widely  propagated,  and  have  been 
countenanced  by  those  who  ought  to  have  knovvn  better.  Now 
they  will  reap  the  fruits  of  falsehood.  The  narrow-gauge  partisans, 
editors,  and  pamphleteers,  will  find  it  hard  to  make  the  shareholders 
believe  a  new  tale,  after  what  they  have  heard  for  years. 

It  seems  to  have  been  left  out  of  account  by  most  parties,-  that 
the  amalgamation  will  result  in  an  increase  of  income  and  economy 
of  expenditure ;  affording  a  surplus  fund  which  under  a  liberal 
system  would  go  partly  to  extend  public  accommodation,  hut 
which  in  the  present  case  will  be  divided  between  the  three  par- 
ties to  the  amalgamation.  This  is  the  point  for  negotiation.  The 
Great  Western  may  say,  "  Without  us  this  amalgamation  cannot 
be  carried  out,  and  therefore  it  is  fair  we  should  have  the  larger 
share ;"  and  as  this  is  true,  they  are  not  obliged  to  accede  to  a 
division  in  proportion  to  capital,  and  the  greediness  of  the  others 
must  give  way. 

So  far  as  we  regard  the  public  interests,  we  are  most  heartily 
glad  that  this  measure  has  been  proposed ;  for  we  are  convinced 
that  the  ultimate  result  must  be  for  the  public  benefit,  notwith- 
standing what  directors  may  believe.  The  latter  may  plume  tliem- 
selves  that  they  have  secured  dear  fares ;  but  we  do  not  fear  that 
we  shall  have  not  only  cheap  fares,  hut  cheaper  fares  and  greater 
accommodation.  Discussion  must  do  good  ;  and  discussion  will 
now  take  place  on  a  wider  and  more  liberal  basis  than  it  has  here- 
tofore done. 

What  the  end  of  the  bill  will  be  no  one  can  say  ;  hut  meanwhile 
the  shareholders  will  have  something  to  think  of,  and  something  to 
talk  of  at  the  meetings;  and  the  directors  will  have  time  to  look  about 
them.  The  Times  nnd  Punchhiive  got  a  good  cause;  the  public  will 
get  excited  ;  and  the  bill  may  be  postponed  till  another  session, — or 
may  get  into  pai-liament,  and  the  whole  basis  of  railway  legislation 
be  upset. 


Ships  without  A>p/s.— Captain  Jean  Napoleon  Zerman,  of  the  French 
niivv,  has  recently  taken  out  a  patent  in  tliis  country  for  the  construction 
of  ships  without  keels.  His  ships  are  to  be  flAt-bollomec];  and  through  the 
vessel,  from  stem  to  stern,  there  is  to  he  an  opening  or  trough  ;  the  size 
being  about  the  width  of  one-third  the  greatest  breadth  of  beam  of  the 
vessel,  and  the  height  so  much  as  just  to  be  above  the  low-water  line.  The 
patentee  states  his  object  to  be,  in  adopting  this  mode  of  construction,  en- 
abling the  vessel  to  draw  less  water,  and  take  a  greater  hold  of  the  water. 
The  vessels  are  so  constructed  as  to  go  each  way,  and  are  to  have  a  rudder  at 
each  end. 
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Thmretkal  and  Practical  Mechanics,  designed  principally  for  Prac- 
tical Men.  By  James  Hann,  A.I.C.E.,  Mathematical  Master  of 
King's  College  Scliool,  London.     Weale,  1848,  Svo.;  pp.324. 

We  are  scarcely  in  the  position  to  review  a  book  written  by 
Mr.  Hann  as  impai'tial  critics.  A  pre-disposition  in  favour  of  his 
new  work,  arising  from  a  strong  impression  of  the  merits  of  those 
which  preceded  it,  will  be  admitted  by  the  reader  to  be,  within 
certain  limits,  a  fair  ground  of  criticism.  Rut  we  have  other 
motives  for  a  partial  verdict,  besides  those  patent  to  all  who  have 
read  Mr.  Hann's  former  publications.  The  extraordinary  zeal 
which  prompted  him  to  the  study  of  mechanical  and  mathematical 
science — the  sacrifices  which  he  has  offered  to  his  favourite  science 
— these  are  considerations,  derived  from  personal  knowledge,  which 
cause  admiration,  mingled  with  somctldng  like  surprise.  We  are 
too  much  accustomed  to  think  that  academic  discipline  is  almost 
indispensable  for  tlie  attainment  of  that  severe  precision  of  thought 
and  language  which  is  pre-eminently  required  in  mathematical 
studies.  Here,  however,  those  studies  have  been  pursued  in  far 
other  scenes  than  the  seclusion  of  a  college,  and  with  far  other 
means  than  the  appliances  of  the  professor's  lecture,  the  tutor's 
private  instruction,  the  discussion  with  contemporary  students, 
and  the  powerful  stimulus  of  a  university  examination. 

In  Mr.  Hann's  work  we  occasionally  meet  with  definitions  and 
expressions  which  seem  to  lack  the  precision  of  our  accus- 
tomed class-books.  Our  author  in  these  cases,  is  not  always,  as  it 
appears  to  us,  uninfluenced  by  impressions  derived  from  the  works 
of  inferior  writers,— men  who  address  themselves  to  practical  en- 
gineers, and  have  been  too  long  deemed  mathematicians  because 
they  tise  mathematical  symbols.  But  if  Mr.  Hann  and  ourselves 
be  at  issue  respecting  the  value  of  the  class  of  authors  referred  to, 
this,  at  least,  we  concede — tliat  if  he  sometimes  borrow  from  such 
books  their  unscientific  phrases,  he  does  not  borrow  their  blunders 
in  the  conception  and  application  of  principles.  In  turning  over 
English  books  on  engineering  and  analogous  subjects,  we  usually 
adopt  a  rule,  derived  from  vexatious  experience,  never  to  trust  to 
the  result  of  a  single  investigation  till  after  having  worked  it  over 
a^ain  for  ourselves.  In  looking  over  the  pages  of  tliis  book  we 
do  nothing  of  the  kind  ;  we  do  not  expect  to  find  at  every  turn  an 
error  of  principle.  On  the  contrary,  we  have  not  yet  found  but 
one  result  which  we  are  disposed  to  dispute  :  this  occurs  at  page 
205. 

"  Suppose,  by  measurement,  it  be  found  that  a  man-of-war,  with  its  ord- 
nance, rigging,  and  appointments,  sink  so  deep  as  to  displace  1,300  tons  of 
sea-water, — wlmt  is  the  whole  weight  of  the  ship,  supposing  a  cubic  inch  of 
sea-water  to  weigh  -5949  of  an  ounce  avoirdupois? 

"  The  weight  of  the  water  displaced  is  equal  to  the  weight  of  the  ship. 
216  gallons  =  1  ton.  1300  x  210  =  280,800  gallons;  and  if  we  tak^ 
277-2738  cubic  inches  to  the  gallon,  then  280,800  x  277-2738  = 
778,584  ;  83-04  cubic  inches  ;  and  this  multiplied  by  -5949  gives 
463,180,  11-5307  ounces  =   1292-35  tons,  the  weight  of  the  ship." 

Surely  there  is  an  error  in  this  passage.  If  the  displacement  of 
the  ship  be  1,300  tons,  it  will  weigh  1,300  tons — not  an  ounce,  not 
tlie  millionth-part  of  a  grain,  more  or  less.  Here,  however,  with- 
out any  apparent  reason,  the  displacement  is  reduced  from  tons 
to  cubic  inches,  and  then  brought  back  again  to  tons ;  and  the 
several  multiplications  with  decimals  account  for  the  eight  tons 
lost  in  tliis  unnecessary  process.  The  error  is,  however,  evidently 
accidental. 

About  one-third  of  Mr.  Hann's  work  is  devoted  to  the  theory  of 
statics ;  and  considering  the  class  of  readers  for  whom  his  work  is 
intended,  he  has  acted  judiciously  in  avoiding,  as  far  as  possible, 
complicated  mathematical  operations.  AV'e  wish  that  it  could  have 
been  found  practicable  to  substitute  arithmetical  methods  for  the 
somewhat  difficult  analysis  which  occurs  in  the  subsequent  pages. 
The  chapter  upon  Revetements  (p.  209-223),  for  example,  consists 
almost  entirely  of  mathematical  symbols,  and  is  not,  therefore, 
likely  to  have  much  practical  utility.  Besides,  we  have  strong 
doubts  whether  any  system  of  theoretical  computation  will  express 
even  ap])roximately  the  pressure  of  earth  upon  sustaining  walls. 
Coulomb's  idea  of  the  wedge  of  maximum  pressure  is,  in  a  scien- 
tific view,  extremely  beautiful;  but  in  practice  many  things  con- 
cur to  vitiate  all  deductions  from  the  theory.  In  railway  cuttings, 
stratified  formations  which  dip  to  the  horizon  will  be  liable  to 
slide  forward  where  the  inclination  is  towards  the  face  of  the  cut- 
ting ;  and  when  the  inclination  is  in  the  reverse  direction,  the  strata 
may  sustain  each  other  by  their  mutual  action.  In  this  way  it  will 
happen   that,   in  a  railway  cutting  through  inclined  strata,  the 
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rifrlit-liand  l)anl<  may  require  the  support  of  a  strong  revetement 
wall,  wliile  the  left-hand  hank  is  able  to  support  itself.  Afjaiii,  the 
effects  of  raiiimiii;;'  orliimling  the  earth  of  an  embankment,  and  of 
imperfect  drainage,  &c.,  altofrether  vitiate  mathematical  formulie. 

Me  do  not  insist  upon  this  point  to  the  disadvantage  of  Mr. 
Ilann's  book,  but  as  a  general  truth.  It  might  be  extended  to 
another  important  subject — the  theory  of  the  Arch.  There  also  we 
are  satisfied  that  ))ractic^e  arul  modern  theory  are  widely  at  variance. 
I'etit  and  (laridel's  tables  (p.  ^14-6)  may  be  correct  abstractedly  ; 
but  we  imagine  that  it  would  be  difficult  to  point  out  one  actually 
existing  structure  for  which  they  would  indicate  even  approxi- 
mately correct  results.  There  rfo  not  exist  any  of  those  "  arches 
with  parallel  extrados,"  and  "arches  with  horizontal  extrados," 
fur  which  the  tallies  are  computed.  Real  bridges  and  arches  are 
not  the  homogeneous  uniform  structures  here  supposed  ;  on  the 
contrary,  they  are  composed  of  materials  of  very  variable  specific 
gravities  ;  the  voussoirs  may  be  of  granite  or  Portland  stone,  the 
spandrils  may  be  either  filled  in  with  solid  rubble,  or  partly  occu- 
pied by  abutting  or  inverted  arches,  and  the  roadway  and  parapet 
may  be  composed  of  materials  still  more  heterogenous.  No  ge- 
neral formiJaj  will  meet  such  cases.  If  there  be  any  instances 
where  Petit  and  Garidel's  tables  (founded  on  the  assumption  that 
all  the  materials  of  the  arch  are  homogeneous,  and  uniformly 
distributed)  apply  with  anything  like  accuracy,  we  at  least  are  not 
awai-e  of  their  existence. 

In  the  present  treatise,  the  mathematical  theories  of  the 
Arch  and  Revetements  are  presented  with  as  much  simplicity 
and  analytical  elegance  as  the  subjects  probably  permit,  but 
engineers  never  can,  and  never  will,  trust  to  long  mathematical 
formulifi.  In  abstruse  theoretical  calculations,  the  errors  arising 
from  neglect  of  practical  contingencies  increase  and  multiply  at 
every  step  of  the  investigation  ;  so  that  the  adoption  in  practice  of 
remote  results  of  theory  is  generally  inadniissable,  and  always  ha- 
zardous. The  more  value,  therefore,  attaches  to  the  numtrous 
simplifications  effected  in  the  present  woik.  The  mathematical 
science  of  engineering  is  daily  becoming  more  simple  and  exact ; 
and  to  Mr.  Hann  belongs  a  large  share  of  the  merit  of  these  im- 
portant improvements. 


On  the  Importance  of  Studying  Abstract  Science,  with  a  View  to  its 
Fiitni-e  Fnictieal  Apjiticatifms — An  Introductory  Lecture,  given  at 
I'utney  Col/eye,  Sept.  1S18.  IJy  LvoN  Playfaik,  F.R.S.,  F.G.S.— 
[Printed  for  private  circulation.] 

This  lecture  of  Dr.  Playfair's  is  of  more  extensive  use  than  it 
would  appear  to  be  from  its  title.  There  is  a  general  disinclina- 
tion on  the  part  of  practical  men  who  have  not  been  educated 
scientifically,  to  allow  that  such  investigations  as  those  which  take 
place  in  the  laboratory  of  the  chemist,  or  the  experimental  philo- 
sopher, are  practically  useful.  It  may  take  more  or  less  time  to  bring 
their  discoveries  into  use  for  the  benefit  of  man,  but  Dr.  Playfair 
has  shown  that  some  of  the  least-promising  discoveries  have  even- 
tually been  made  extremely  useful — polarization  of  light,  for  ex- 
ample, and  galvanism.  His  text  is  the  idea  on  which  Uoyle 
wrote  : — "  There  is  no  one  thing  in  nature  the  uses  of  w  hich  are 
thoroughly  understood."  Nothing  about  or  around  ns  but  what 
may  eventually  be  found  to  be  of  service  to  man  in  many  ways,  of 
which  at  present  he  is  ignorant. 

The  certainty  of  this  truth  is  undoubtedly  a  great  incentive  to 
all  to  persevere  in  acquiring  a  knowledge  of  the  intimate  constitu- 
tion of  bodies,  and  the  developments  of  their  known  qualities. 
Dr.  Playfair  also  gave  excellent  advice  to  the  students  he  was  ad- 
dressing, on  the  necessity  of  intense  apjdication,  and  constant  per- 
severance in  studious  and  industrious  habits.  In  the  present  day, 
the  examples  of  fortunes  rapidly  made  by  men  eminent  in  their 
profession,  and  sometimes  even  by  less  eom])etent  persons,  have 
an  injurious  effect  on  the  rising  generation — making  them  expect 
to  advance  more  rapidly  than  is  either  good  for  them  or  their  em- 
ployers. However  well  qualified  to  enter  on  the  practice  of  their 
))rofession,  no  young  men  ought  to  look  to  securing,  at  starting  in 
life,  positions  or  emoluments  which  are  the  legitimate  prize  of 
lengthened  services,  and  years  of  laborious  assiduity. 

To  return  to  Dr.  Playfair's  lecture,  which  will  be  read  with 
pleasure  by  all  who  take  an  interest  in  the  practical  apjilicatious 
of  science,  we  would  only  further  hint,  that  a  little  more  care 
should  be  taken  in  correcting  the  press,  even  though  the  lecture  is 
printed  for  ^^ private  circulation  only."  Some  sentences  are  un- 
granmiatical,  and  some  unintelligible;  but  we  again  must  express 
our  opinion,  that  the  main  idea  of  the  lecture  is  excellent,  and  the 
advice  given  well  deserving  the  careful  attention  of  the  students. 


A  very  good  illustration  of  the  progress,  from  the  discovery  of 
an  abstract  philosophical  theory  to  its  jiractical  application,  is 
given  in  the  following  extracts  :^ 

"  It  is  but  the  overHowinga  of  science  which  thus  enter  into  and  animate 
industry.  In  its  study  you  are  never  sure  that  the  morrow  may  not  gUdd<'n 
the  world  witli  an  application  of  a  principle  which  to-day  was  abstract  and 
appeared  remote  from  practice.  This  is  a  truth  that  1  wish  most  particu- 
larly  to  impress  upon  ynu  who  are  to  devote  your  lives  to  its  practical  appli- 
cations. In  your  studies  you  will  constantly  meet  with  abstract  truths 
which  you  mi^ht  think  it  was  unnecessary  to  acquire,  because  you  did  not 
see  their  practical  tendency.  This  feeling  in  itself  is  wrong,  education 
being  a  course  of  mental  discipline  fitted  to  frame  the  mind  to  habits  of  in- 
duction and  investigation  ;  and  therefore,  if  it  were  thought  necessary  to 
teach  you  truths,  which  from  their  nature  never  could  be  practically  applied, 
their  use  would  still  be  great  in  expanding  and  tutoring  your  intellects,  and 
enabling  them  to  grasp  difficulties  when  they  present  themselves." 

"  An  officer  of  artillery,  directing  an  optical  instrument  to  the  windows  of 
Versailles,  which  were  illumined  by  the  sun,  was  struck  with  the  fact  that 
in  one  position  they  disappeared  from  his  view.  This  was  the  first  dawn  of 
the  discovery  of  polarised  light, — of  light  which  had  suffered  a  change, 
similar  to  that  which  it  experiences  when  it  has  passed  through  doubly  re- 
fracting Iceland  spar.  When  a  ray  of  this  light  was  passed  through  flat 
plates  of  certain  crystalised  substances,  the  most  brilliant  colours  were  ob- 
served. These  phenomena  were  remarkable,  and  were  well  worthy  of  the 
attention  of  scientific  observers.  Nothing,  however,  could  appear  more  re- 
mote from  practice  than  the  study  of  an  altered  beam  of  light.  It  was  most 
interesting,  indeed,  that,  as  in  the  case  of  sound,  where  two  sounds  reach- 
ing the  ear  either  exalt  or  destroy  the  effect,  so  in  light,  two  rays  interfering 
with  each  other  may  produce  darkness.  But  who  from  this  abstract  obser- 
vation would  have  dreamt  that  out  of  it  would  come  useful  applications  ?  It 
was  found  that  ihe  light  which  reached  reflecting  surfaces  at  a  particular 
angle  was  polarised  in  coming  from  them  j  that,  for  example,  much  of  the 
light  reflected  from  water  is  in  this  condition.  Thus,  suppose,  you  look  with 
a  Niohol's  prism,  the  common  polariser,  at  the  shadow  of  a  man  on  a  smooth 
lake;  by  turning  round  the  prism  in  a  certain  direction  the  shadow  will  dis- 
appear, because  much  of  the  light  is  polarised,  while  the  man  seen  by  com- 
mon light  will  remain  visible)  thus  realizing  the  German  fable  of  the  man 
without  a  shadow.  This  property  of  the  polarising  prism  was  after  a  time 
applied  to  the  important  purpose  of  detecting  shoals  and  rocks  at  sea.  It 
had  been  long  the  practice  for  mariners,  when  they  suspected  the  existence 
of  shoals, to  send  a  man  to  the  head  of  the  mast  to  detect  them;  for  the 
outlook  viewing  the  water  from  a  vertical  position  shut  out  much  of  the  re- 
flected light,  which  dazzled  and  obstructed  his  view.  Now,  as  a  great  part 
of  this  reflected  light  is  polarized,  it  was  obvious  that  by  looking  through  a 
polarizing  prism  from  the  deck,  the  depths  of  the  ocean  could  be  scanneil 
without  the  interiuption  of  the  glare,  which  had  formerly  tendered  this  so 
dilBcult ;  and  thus  this  abstract  truth  of  the  alteration  of  light  by  reflection 
became  practically  applied  to  the  preservation  of  mariners  from  the  hazards 
of  the  sea.  Another  useful  application  was  now  made  to  salmon  fisheries,  to 
enable  the  spearsmen  to  see  the  fish  at  considerable  depths,  where  detection 
was  before  impossible.  The  singular  insight  which  polarized  light  gave  into 
the  inner  constitution  of  bodies,  was  usefully  employed  to  discover  the  laws 
of  tension  in  beams,  thus  showing  that  it  mi^ht  be  made  to  aid  in  the  pro- 
motion of  mechanics.  Under  the  hands  of  a  Biot,  a  ray  of  polarised  light 
performed  with  magical  quickness  the  most  refined  but  tedious  operations  of 
the  analytical  chemist,  by  enabling  him  to  ascertain  the  amount  of  sugar  in 
various  saccharine  substances.  He  was  enabled  to  follow  the  increasing 
richness  of  sugar  in  the  juices  of  various  plants  at  different  stages  of  their 
growth,  so  as  to  indicate  when  they  are  most  fitted  to  be  gathered  in  for  the 
purposes  of  the  sugar  manufactures;  and  by  the  same  ray  silently  perform- 
ing its  quick  analysis,  he  was  able  to  make  improvements  in  the  economy  of 
labour.  Thus,  when  beet  is  ready  to  be  gathered,  labour  is  in  demand  for 
the  harvesting  of  other  crops,  and  consequently  is  expensive.  It  would  not 
do  then  to  take  another  crop,  such  as  parsnips,  inferior  in  its  amount  of 
sugar,  as  the  cost  of  production  would  outweigh  the  returns.  But  precisely 
at  the  time  that  horses  and  carts  are  disengaged,  and  labour  is  cheap,  pars- 
nips contain  most  of  their  saccharine  ingre.iients,  so  that  it  is  then  useful  to 
employ  the  idle  mills  in  the  production  of  sugar  from  this  plant.  Thus  a 
ray  of  light  has  produced  good  also  to  the  farmer,  as  well  as  to  the  seafaring 
man  and  the  engineer.  Or  to  take  a  case  of  the  use  of  polarised  light  tu 
science,  who  could  have  dreamt  that  the  colours  it  exhibits  in  transparent 
substances  would  render  it  possible,  by  means  of  a  mineral,  to  deteimine 
such  questions  as  to  whether  the  light  of  the  sun  proceeded  from  a  solid 
mass  or  from  a  gaseous  canopy,  or  »hetlier  the  comets  enjoyed  light  of  their 
own,  or  only  reflected  the  light  from  other  bodies  (lluniboldt)  .' 

There  are  other  applications  of  polarised  light  to  the  telescope  for  mea- 
suring the  siza  of  distant  objects  ;  but  to  these  1  will  not  at  present  draw 
your  attention,  mentioning  only  one  other  instance,  the  recent  beautiful  dis- 
covery of  Wheatstone,  who  has  invented  a  simple  means,  far  more  accurate 
and  useful  than  the  sun-dial,  of  determining  the  apparent  solai  time  by  the 
diurnal  changes  of  the  plane  of  polarisation  at  tiie  north  pole  of  the  sky. 
By  availing  himself  of  the  fact  that  the  planes  of  polarisation  in  ihe  north 
pole  of  the  sky  change  exactly  as  the  position  of  the  hour  circle  alters, 
Wheatstone  has  adapted  a  simple  and  ingenious  apparatus,  by  which  the 
true  time  may  be  told  within  three  minutes.     This  elegant  appiicatiuu  of  the 
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laws  of  pularization  is  only  one  of  others  which  we  may  expect  from  the 
sarae  philosopher." 

The  following  interests  othei's  besides  students  of  the  College 
for  Civil  Engineers,  and  in  the  present  dearth  of  employment  at 
home  will  meet  with  attention  from  many  of  our  readers  ;  and  the 
more  so,  as  it  comes  from  one  wlio  has  a  practical  knowledge  of 
what  he  says  : — 

*'  It  is  scarcely  necessary  to  urge  on  you  the  desirableness  of  a  practical 
education,  such  as  jou  will  receive  at  this  College.  I  have  said  enough  to 
show  you  that  it  is  indispensable  in  this  country,  if  you  wish  to  outstrip  the 
competiliou  which  now,  happily  for  the  world,  prevails  in  all  departments 
of  industry.  If  it  be  requisite  here,  it  is  far  more  necessary  to  the  aspirio^^ 
colonist  abroad.  The  held  open  for  well-educated  men  in  the  colonies  is 
so  great,  that  I  doubt  not  there  will  be  many  of  you  who  will  try  their  for- 
tunes ill  foreign  lands.  I  myself,  having  been  born  in  a  colony,  and  all  my 
relations  having  spent  their  lives  and  acquired  their  fortunes  in  colonies,  I 
naturally  know  somewhat  of  the  life  and  of  the  prospects  of  intelligent 
emigrants.  This  I  can  assure  you,  that  I  have  never  known  an  instance  of 
failure,  where  a  man  went  out  with  a  well-grounded  scientific  knowledge, 
and  with  a  power  of  applying  it  in  a  special  direction.  I  have  many  friends 
in  the  colonies,  who  have  gone  out  with  no  other  recommendation  than 
that — a  very  high  one  certainly — of  being  proficient  in  some  one  of  the 
sciences.  I  recall  to  my  mind  at  the  present  moment  names  of  men  who  I 
am  proud  to  call  my  friends — men  who  are  now  all  in  the  enjoyment  of 
lucrative  posts  abroad,  from  having  gone  out,  some  with  a  knowledje  of 
geology,  others  of  chemistry,  and  others  of  natural  history.  It  is  true  that 
scientific  men  are  rare  in  our  colonies  ;  and  it  is  because  practical  scientific 
education  is  rare, — the  more  the  chance  for  you  who  avail  yourselves  of 
your  youth  and  your  advantages.  Look  at  the  treasures  opened  in  Australia 
by  the  discovery  of  coal  and  of  valuable  mineral  ores.  What  a  grand  field 
for  the  mineralogist,  the  metallurgist,  the  geologist,  chemist,  and  practical 
engineer!  When  we  hear  of  men  who  have  lately  made  large  fortunes  in 
the  course  of  three  years,  by  a  happy  development  of  formerly-neglected 
mineral  wealth,  is  there  not  here  encouragement  to  those  who  have  a  sound 
knowledge  of  the  applied  sciences  to  devote  their  lives  to  the  development 
of  our  colonial  industry  ?  But  iu  attempts  to  do  so,  ihere  will  be,  of  course, 
difficulties  to  overcome,  such  as  cannot  occur  in  this  land,  where  all  kinds 
of  professional  talent  is  available.  It  is  for  this  that  we  give  a  general 
practical  education  such  as  we  do.  Are  you  to  be  a  farmer  in  the  colonies  ? 
Then  learn  before  you  go  to  understand  the  principles  of  machinery,  so  as 
to  make  and  repair  your  implements;  learn  how  to  survey;  how  by  geo- 
logy and  chemistry  to  choose  your  land;  how  to  cullivate  it  when  pro- 
cured— learn  to  think  how  the  resources  of  the  country  are  to  be  econo- 
mised. Recollect,  that  in  boiling  down  whole  flocks  of  sheep  for  th=ir 
tallow  only,  in  imitation  of  your  brother  farmers,  you  might  at  the  same 
time  make  the  most  admirable  and  nutritious  portable  meat  and  soups  for 
armies  and  navies — a  process,  if  carried  out,  which  is,  I  am  sure,  destined 
to  become  one  of  the  most  valuable,  though  yet  untried  manufactures  of 
Australia — and  why  untried  ?  Because  there  is  no  science  to  guide  them 
in  a  manufactory  involving  a  knowledge  of  animal  chemistry,  as  well  as 
of  a  wise  adaptation  of  machinery,  and  an  acquaintance  with  what  has 
been  done  in  the  same  way  in  other  countries.  And  if  you  go  out  as  a 
surveyor,  how  invaluable  to  gain  the  geological  knowledge  which  you  may 
also  here  acquire ;  how  indescribably  useful  your  chemical  power  of  detect- 
ing and  assaying  valuable  ores  and  minerals  !  Are  you  destined  for  the 
army  abroad  ?  The  best  way  of  getting  staff-appointmenls  or  lucrative 
employment,  is  to  have  the  power  of  making  yourself  useful  with  your 
scientific  knowledge.  I  again  say,  that  in  this  service  in  our  colonies  I 
have  never  known  an  instance  where  a  really  deserving  scientific  man 
failed  in  being  speedily  advanced  to  a  useful  and  honourable  position. 

But  do  not  think  that  in  these  days  fortunes  or  honours  are  easily  ac- 
quired. It  is  not  mediocrity  in  your  pursuits  that  will  enable  you  to  out- 
run the  masses  struggling  to  push  forward.  The  age  is  au  age  of  action  ; 
and  if  you  are  to  succeed  in  future  life,  you  must  now  brace  and  prepare 
yourself  for  the  struggle.  If  you  fall  asleep  now  while  you  are  young, 
in  vigour,  and  able  to  prepare  yourself  for  future  life,  the  world  will  not 
know  when  you  awake,  and  it  will  be  a  long  and  a  sad  struggle  for  you  to 
overtake  those  who  were  active  when  you  were  passive.  Recollect,  that 
it  is  only  by  study,  downright  hard  study,  that  you  can  acquire  that  mental 
strength  and  vigour  that  will  enable  you  to  overcome  the  increasing  diffi- 
culties of  progress  iu  life." 


History  of  Architecture  from  the  Earliest  Times;  its  Present  Con- 
dition in  Europe  and  the  United  States.  By  Mrs.  L.  C.  Tuthill. 
Philadelphia:  Lindsay  and  Blakiston,  1848. 

As  there  are  some  remarks  on  this  work  in  the  Fasciculus  of 
"  Candidas,"  we  shall  not  trouble  our  readers  much  further  as  to 
its  critical  merits.  It  was  intended  for  a  popular  work  in  the 
United  States,  but,  unhappily,  it  gives  little  definite  information 
as  to  the  buildings  there,  and  is  ten  years  behind  hand  as  to  those 
of  Europe,  the  "  Architectural  Magazine  "  having  been  the  chief 
authority. 


It  seems  from  the  remarks  of  the  authoress  that  Gothic  and 
Elizabethan  are  now  tlie  fashion,  instead  of  Greek,  but  there  are 
few  favourable  American  examples  of  any  style  given  by  the 
authoress,  though  there  are  many  American  buildings  of  great 
merit.  We  sh;ill  try  and  glean  what  we  can  as  to  buildings  in  the 
United  States  of  which  any  particulars  are  given  by  the  writer. 

At  Boston  among  the  novelties  are  named — 

"  Trinity  Church,  m  Summer-street,  a  Gothic  edifice,  of  granite,  built 
in  1829. 

The  Tremont  Hottse  is  a  large  and  beautiful  building,  of  granite,  with  a 
fine  Doric  portico  in  front.     J.  Rogers,  architect. 

Two  beautiful  Gothic  churches,  of  freestone,  were  built  in  1317.  Billings, 
architect." 

At  New  York — 

'*  The  Church  in  JVashington-square,  belonging  to  a  congregation  of  the 
Dutch  Reformed  denomination,  is  said  to  be  one  of  the  most  perfect  Gothic 
structures  iu  the  United  States.     Le  Fevre,  architect. 

Trinity  Church  was  commenced  in  1841,  on  the  site  of  the  old  church  in 
Broadway,  and  completed  in  1846.  It  is  built  of  a  beautiful  fine-grained 
freestone,  in  the  Perpendicular  Gothic  style.  It  is  192  feet  long,  and  84 
wide.  Its  graceful,  symmetrical  spire  is  264  feet  high.  It  is  hy  many  con- 
sidered the  finest  specimen  of  ecclesiastical  architecture  iu  this  country, 
Mr.  Upjohn,  architect. 

Grace  Church,  on  Broadway,  is  built  in  the  form  of  a  cross,  in  the  Gothic 
style,  and  is  of  white  marble.  The  windows  are  of  stained  glass,  and  tlie 
edifice  cost  145,000  dollars  (£30,000).  It  was  completed  in  1813.  Mr. 
Renwick,  architect. 

The  Custom  House,  in  Wall-street,  is  a  beautiful  Doric  building,  177  feet 
long,  and  59  feet  wide.  The  architects  were  Ithiel  Town  and  Alexander  J. 
Davis. 

The  Episcopal  Church  of  the  Holy  Trinity,  at  Brooklyn,  New  York,  is  one 
of  the  finest  specimens  of  Gothic  architecture  in  this  country.  A  citizen  of 
Brooklyn,  with  a  munificence  above  commendation,  has  erected  this  noble 
edifice,' at  a  cost  of  about  150,000  dollars  (j630,000).     Lefevre,  architect." 

At  Philadelphia— 

The  United  States  Banti,  now  the  United  States  Custom  House  for  the 
port  of  Philadelphia,  is  one  of  the  most  beautiful  buildings  in  this  country. 
It  is  closely  copied  from  a  perfect  model,  the  Parthenon.  Its  length  is  16  1 
feet;  its  breadth  87  feet.  The  fine  massive  Doric  columns  of  the  portico 
stand  upon  a  platform  of  white  marble,  the  ascent  to  which  is  by  a  high 
flight  of  marble  steps.  Thus  lifted  up  away  from  the  street  it  has  a  very 
imposing  appearance.     The  banking-room  is  81  feet  long  and  48  feet  wide. 

The  new  Bank  of  Pennsylvania  is  copied  from  the  Ionic  Temple  of  the 
Muses,  upon  the  Ilissus ;  it  is  built  of  marble,  and  is  a  large  and  handsome 
edifice. 

The  Girard  College. — The  main  building,  which  is  the  subject  of  this 
description,  is  composed  in  the  Corinthian  order  of  Grecian  architecture  :  it 
covers  a  space  of  181  feet  by  239J  feet,  and  consists  of  au  octastyle  perip- 
teral superstructure,  resting  upon  a  basement  of  8  feet  in  height,  composed 
entirely  of  steps  extending  around  the  whole  edifice ;  by  which  a  pyramidical 
appearance  is  given  to  the  substruction,  and  a  means  of  approach  afi'urded  to 
the  porticoes  from  every  side.  The  dimensions  of  the  stylobate  (or  platform 
on  which  the  columns  stand)  are  159  feet  on  the  fronts,  by  217  feet  on  the 
flanks ;  and  the  cell,  or  body  of  the  building,  measures  111  feet,  by  169  feet. 
The  whole  height,  from  the  ground  to  the  apex  of  the  roof,  is  100  feet. 

The  columns  are  34  in  number ;  the  diameter  of  the  shaft  at  the  top  of 
the  base  is  6  feet,  and  at  the  bottom  of  the  capital,  5  feet ;  the  height  of  the 
capitals,  including  the  abacus,  is  9  feet,  and  the  width,  from  the  extreme 
corners  of  the  abacus,  10  feet;  the  whole  height  of  the  column,  including 
capital  and  base,  is  55  feet.  The  entablature  is  16  feet  3  inches  high,  and 
the  greatest  projection  of  the  cornice,  from  the  face  of  the  frieze,  is  4  f t . 
9  in. ;  the  elevation  of  the  pediment  is  20  ft.  5  in.,  being  one-ninth  of  the 
span.  The  capitals  of  the  columns  are  proportioned  from  those  of  the 
monument  of  Lysicrates  at  Athens :  they  are  of  American  marble,  and  were 
wrought  upon  the  grounds  of  the  college. 

The  building  is  three  stories  in  height,  each  of  which  is  25  feet  from  floor 
to  floor :  there  are  four  rooms  of  50  feet  square  in  each  story.  Those  of  the 
first  and  second  story  are  vaulted  with  groin  arches,  and  those  of  the  third 
story  with  domes  supported  on  pendentives,  which  spring  from  the  corners 
of  the  rooms  at  the  floor,  and  assume  the  form  of  a  circle  on  the  horizontal 
section,  at  the  height  of  19  feet.  These  rooms  are  lighted  by  means  of  sky- 
lights of  16  feet  in  diameter.  All  the  domes  are  terminated  below  the  plane 
of  the  roof,  and  the  skylights  project  but  one  foot  above  it,  so  as  not  to  in- 
terfere with  the  character  of  the  architecture. 

The  roof  is  covered  with  marble  tiles,  so  nicely  overlapping  each  other  as 
to  defy  the  most  beating  storms. 

Beside  the  main  edifice,  there  are  four  other  buildings  belonging  to  the 
institution,  each  52  feet  wide,  125  feet  long,  and  four  stories  high.  Thomas 
U.  Walter,  architect." 

At  Washington,  among  other  buildings,  are — 

"  The  President's  House,  of  Potomac  freestone.  It  has  two  fronts  with 
porticoes,  and  is  180  feet  in  length  by  85  feet  in  width. 

2he  Patent  Office  is  still  unfinished  ;   it  is  designed,  when  completed,  to 
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siirro'ind  the  square   on  wliich  it  stanils.     It  is  of  the  darlc  frecstonn  of  the 
Potomac.    The  tuiUling  already  completed  has  a  superh  portico  of  the  Doric 

order. 

The  General  Post  Office,  of  white  marhle,  is  a  magnificent  liiiildinR,  orna- 
iiiPiited  with  pilasters,  and  an  cntahlature  of  tlie  Corinthian  order.  The 
edifii-e  already  occupies  the  front  and  part  of  two  otlier  sides  of  a  square.  It 
is  untiiiislied,  hut  when  completed  will  be  one  of  the  most  splendid  buildings 
in  the  United  States. 

T/ie  Capitol  is  finely  situated,  commanding  a  view  of  the  city,  with  the 
suiriiundinp  country,  and  the  river  Potomac.  It  is  352  feet  long  in  front, 
and  its  greatest  height  145  feet.  The  Hall  of  the  Representatives  is  of  a 
half-circular  form.  The  dome  rises  above  an  entablature,  supported  by  24 
Ccrinlhian  cidnraiis  of  variegated  u;arble  (somelimes  called  pudding  stone), 
from  the  hanks  of  the  Potomac." 

At  Baltimore  we  find — 

•'  The  Roman  Catholic  Cathedral,  planned  by  I.atrobe.  It  is  of  the 
Ionic  order ;  190  feet  in  length,  117  feet  wide,  and  127  feet  high,  to  the  top 
of  the  dome." 

For  want  of  siimething:  lietter  we  shfll  extract  what  is  said  of 
the  public  squares  and  walks  of  the  United  States,  to  wliich  more 
attention  is  now  paid,  a  gratifying  proof  of  the  progress  of  taste. 

"  The  citizens  of  New  York  have  at  length  become  aware  of  the  beauty  and 
salubrity  of  public  squares.  St.  Jobn's-park,  Washington-square,  Union- 
square,  and  several  others  in  recently-built  parts  of  Ibe  city,  aie  tastefully 
ornauienlcd  with  trees  and  shrubbery,  affording  sweet  green  spots  for  the 
eye  to  rest  upon,  as  a  relief  from  the  glare  of  brick  walls  and  dirty  pave- 
ments. 

Every  city  should  make  ample  provision  for  spacious  public  squares.  Trees 
of  ever'v  variety,  shrubs,  flowers,  and  evergreens,  should  decorate  these 
gronnds,  and  fountains  throw  up  their  sparklinf,  waters,  contrasting  Iheir 
pure  white  marble  with  the  deep  green  foliage.  Here,  beneath  the  shaded 
walks,  the  inhabitants  might  ei.joy  the  sweet  air,  the  children  spoit  upon  the 
fresh  grass,  and  all  lie  refreshed  and  cheered  by  the  sight  of  beautiful  natural 
oliects.  Here  the  y(jung  and  old  might  meet  to  '  drive  dull  care  away,'  and 
lose  for  a  few  brief  iVioments  the  calculating  money. making  plans  that  almost 
eonstanllv  usurp  American  thought  and  feeling. 

The  Boston  Common  is  the  most  spacious  pleasure  ground  in  the  United 
States.  Seventy-five  acres  were  appropriated  by  the  early  'fathers  of  the 
town'  for  this  purpose,  on  the  condition  that  it  should  ever  remain  devoted 
in  this  way  to  public  convenience  and  comfort.  The  same  venerable  elms 
which  shaded  the  patriots  of  the  revolution,  still  wave  over  the  heads  of 
tbeir  successors,  and  fresh  young  trees  are  planted  from  year  to  year  by  the 
side  of  the  new  gravelled  walks,  rendered  necessary  by  the  rapidly  increasing 
population  of  the  city.  The  undulatiiig  ground  of  tbe  common  gives  it  a 
pi.  asing  diversity  of  hill  and  vale,  and  the  little  lake  or  pond  near  the  centre 
adds  to  its  picturesque  beauty. 

The  New  York  Battery,  though  much  smaller,  is  very  delightful,  aflfording 
a  view  of  the  magnificent  harbour,  gemmed  with  its  beautiful  islands.  Con- 
venient seats  are  placed  about  Ibe  battery,  that  its  numerous  visitors  may 
quietly  enjoy  the  cooling  breezes  from  the  ocean,  beneath  the  grateful  shade 
of  the  trees.     It  is  one  of  the  loveliest  spots  in  the  world. 

The  jiublic  squares  of  Philadelphia  are  incalculably  important  to  the  health 
of  the  city.  Beneath  the  dense  foliage  of  \V.i5hington-square,  crowds  of 
nierrv  children  enjoy,  unmolested,  their  healthful  spoits.  Witbin  tbe  indo- 
sure  of  Independence-square  was  first  promulgated  the  Declaration  of  Inde- 
pendence. Franklin-square  has  in  the  centre  a  fountain,  falling  into  a  hand- 
some white  marble  basin.  Penn,  Logan,  and  Kitlenhouse-squarcs  are  also 
ornamental  to  the  city. 

Tbe  New  Haven. green  has  been  justly  celebrated  as  one  of  the  most  beau- 
tiful public  squares  in  this  country.  Its  elms  are  remarkably  fine  ;  it  has 
lecently  been  enclosed  with  a  light  and  ta^telul  iron  railing,  which  adds 
much  to  its  beauty. 

Many  of  our  large  cities  are  entirely  destitute  of  snch  green  retreats. 
Gardens  and  tquaiesarc  so  necessary  to  the  health,  as  well  as  tbe  eiij  lyment 
of  ibose  who  are  shut  up  in  the  close  streets  of  a  city,  that  it  should  he 
considered  an  iuipeiative  duty  to  provide  them  for  ail  classes  of  the  inha 
hitants." 

The  following  shows  the  resources  available  to  tlio  architect  in 
the  United  States  : — 

'■'Granite,  a  primary  rock,  nmy  be  called  the /(iHHi/a/w/i-sfoHe  of  the 
lartli.  Its  constituent  parts  are  quartz,  feldspar,  and  mica,  ll  is  a  liard 
and  bnllle  stone,  but  witb  much  labour  ina)  he  worked  into  capilala  and 
oiher  oroameulal  parts  of  a  building.  It  abounds  in  the  New  liugland 
.•Mates,  esp'ciallj  in  New  Hampshire  aud  Masoachuselta.  A  beautiful 
while  granite  is  iherc  quarried,  and  employed  in  buildms  at  home,  and 
sent  lo  dislaul  parts  of  the  Union.  The  United  States  liank  is  of  this 
white  granite;  the  market  house  at  Boston,  some  line  dwelling-houses  iu 
New  York,  and  many  other  edifices  there  and  elsewhere. 

Sieiiile  is  often  called  granite,  from  its  resemblance  to  it  ;  feldspar  and 
hornblende  predominate  in  its  composition.  It  is  even  more  difficult  than 
(;rnniie  lo  chisel  into  ornamenlal  work.  The  fine  quarry  of  ibis  sioiie  at 
Q.iincy,  near  Itosion,  has  given  it  ihe  name  of  Uuiiicy  stone,  by  wl.ich  it 
is  txteusivcly  known.     1  he  Astor  H.  use  iu  New  Yolk  is  b'jilt  entirely  of 


sienite.  and  in  Boston  there  are  many  structures  which  have  now  been 
standing  for  some  years  ;  showing  tbat  it  bears  expusure  to  tbe  air. 
without  injury  lo  its  appearance.  The  Bunker  hill  Monument  is  of  this 
slone. 

Marble  is  one  of  the  most  durable  of  stones.  The  heautifol  Pentelic 
marble  of  the  Parthenon  has  stood  tbe  storms  of  more  Ihan  2,000  jears, 
without  injury.  Happily  for  us,  this  fine  material  abounds  iu  almost  every 
part  of  tbe  country.  Tbe  black,  gray,  and  white  marble  of  Vermont  are 
extensively  known.  Massachusetts  furnishes  specimens  of  various  kinds. 
The  splendid  columns  of  the  Girard  College  were  brought  from  Sbefheld, 
in  Berkshire  county,  in  that  Slate.  New  Hampshire  has  sever.il  quarries. 
In  (Jouuecticut,  near  New  Haven,  gieeu  marble  abounds,  resembling  Ihe 
verde  antique.  Many  speciineus  of  this  marble  have  been  sent  to  ICurope, 
and  been  much  admired  in  the  cabinets  of  the  curious  and  scientific.  Near 
the  same  place  another  quarry  is  found,  in  which  yellow  predominates. 
White  marhle  abounds  in  Pennsylvania.  In  short,  marble  is  so  abun- 
dantly supplied,  that  taste  and  durability  may  be  combined  by  tbe  use  of 
this  material  in  elegant  edifices. 

The  United  States  Mint,  Custom-house,  and  Pennsylvania  Bank  in 
Philadelphia,  are  all  of  Peuusylvanian  marble  ;  the  Washington  Monu- 
ment, BaUimore,  is  also  of  while  niarble. 

SandsloitC,  usually  called  freestone,  is  found  of  variegated  colours,  from 
gray  to  red,  and  dark  brown.  It  is  easily  wrought,  and  much  used  in 
buildiug.  Extensive  quarries  of  red  freestone  are  worked  at  Chatham,  in 
Connecticut.  The  Potomac  freestone  is  extensively  used  ;  the  Presideut'a 
House,  Ibe  Capitol  at  Uashioglon,  aud  St.  Paul's  Church,  Boston,  are 
built  of  it.  Somelimes  it  is  employed  without  smoothing,  and  is  thus  a 
durable  and  economical  material  for  collages,  stables,  ftc.  It  is  in  general 
use  for  the  basement,  window-sills,  and  caps  of  brick  buildings. 

Gneiss,  a  stone  containing  a  large  proportion  of  mica,  splits  witb  ease, 
and  adords  a  beautiful  paving-stone. 

Slate  is  fuuud  in  great  abundance  in  this  country  ;  it  is  used  for  covering 
roofs,  and  should  he  unuer.sally  substituted  in  cities  for  shingles  or  other 
combustible  materials. 

No  country  in  tbe  world  is  more  abundantly  supplied  with  wood  of  every 
variety  Ihan  Ihe  United  States. 

The  white  oak  grows  lo  a  great  height  in  the  Middle  Slates  and  in  Vir- 
ginia. It  is  strong  aud  durable,  and  although  sometimes  employed  in 
domestic  architecluie,  is  more  generally  used  for  ship  buildiug.  The 
black  oak  rises  lo  a  still  greater  height,  but  is  not  so  large  in  circumfer- 
ence. .Several  other  kinds  of  oak  abound,  all  of  them  durable,  and  some 
of  Ihem  excellent  for  timber. 

Tbe  black  walnut  is  a  beautiful  wood  for  Ihe  interior,  being  susceptible 
of  a  fine  polish,  and  nol  liable  to  warp,  nor  lo  split.  In  Ohio  and  Ken- 
tucky this  wood  is  used  for  the  shingling  of  houses,  and  occasionally  for 
timbers.     It  is  admirably  adapted  for  doors  and  window -frames. 

Maple,  of  several  varieties,  is  also  susceptible  of  a  Hue  polish.  The 
curled  and  bird's-eye  maple  are  very  handsome  for  interior  finishing. 
Maples  grow  iu  alniost  every  part  of  the  Union ;  they  are  numerous  and 
luxuriant  in  Ihe  Western  Stales. 

Pine  is  a  soft  wood,  easily  worked,  and  has  for  this  reason  been  hitherto 
quite  loo  much  used  for  buildiug.  It  is,  however,  a  valuable  wood,  and 
will  long  continue  to  be  used  for  the  interior,  after  more  durable  materials 
are  subsliluted  lor  Ihe  exterior  of  buildiugs.  l-"rom  Maine  to  Florida 
pines  of  various  kinds  abi.und,  aud  are  exported  iu  large  quaulities  to 
Europe  aud  the  West  Indies. 

T'he  while  ash  is  a  strong  and  durable  wood,  which  sometimes  grows  lo 
Ihe  height  of  bO  feet.  It  splits  slraigLt,  aud  is  not  apt  lo  shrink,  it 
abounds  niosl  in  ihe  Norlhern  Stales. 

Biieh  is  not  much  used  in  building,  althiiUgh  it  abounds  in  New  Eng- 
land and  Ihe  Middle  Slates. 

The  6;«c7i:  bireh  luiuisbes  a  hard,  dark-coloured  wood,  that  receives  a  liue 
polish,  and  is  veiy  liaudsume  for  lulerior  finishing. 

The  eijiiress  grows  lo  a  great  size  in  the  Southern  Slates,  aud  is  fre- 
quently used  for  buildiug. 

The  «/ii(e  cc</(ir  grows  abundaully  in  the  Middle  and  Southern  Stales, 
and  being  a  soft  light  wood  is  used  for  shingles  aud  interior  fiuishing.  The 
red  cedar  is  a  durable  wood,  used  for  posts  and  fences." 

It  will  be  seen  from  the  e.xtracts  v.e  have  given  that  some  very 
respectable  works  have  been  lately  executed,  or  are  in  progress, 
but  there  is  no  great  architectural  monument  on  hand. 


Syllahns  of  Lectures  on,  Civil  Engineering,  for  the  use  of  the  Stu- 
dents at  Putney  OJlege.  By  W.  R.inoeh,  C'.E.,  lecturer  on  Civil 
Eiigineerinir  and  Architecture  at  Putney  College,  and  on  Civil 
Engineering  to  tlie  H.E.I.C.  Officers  at  the  Royal  Engineering 
Establishment,  Ciiath.am.     London  :  Taylor,  184.8. 

This  is  notliing  but  what  it  purports  to  he— the  syllabus  of  lec- 
tures ;  yet  it  may  be  very  usefully  referred  to  by  the  i)rofessional 
man.  '  It  seems  very  easy  to  put  down  tlie  heads  of  lectures  ;  but 
Mr.  Ranger  has  shown  in  the  arrangement  the  resources  of  a 
logical   niiiul,    and   his   intimate   aciiuiiintance   with   tlie   subject 
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which  he  teaches.  It  is  in  these  qualities  th;it  consists  the  use  for 
the  professional  man,  who  is  able  practically  to  supjily  the  de- 
tailed information,  and  may  refresh  his  memory  by  reading,  under 
each  head,  the  enumeration  of  the  various  resources  applicable  to 
the  work  intended. 


HYDROGEN  GAS  AS  A  MOTIVE  POWER. 

Among  the  patents  for  new  inventions  in  this  country  specified 
within  the  last  month,  is  one  (obtained  by  the  widow  of  a  French 
engineer,  at  the  request  of  her  late  husband,)  for  employing  the 
explosive  force  of  hydrogen  gas  as  a  motive  power.  In  the  arrange- 
ments for  ett'ecting  this  object  there  is  nothing  deserving  of  special 
notice,  the  explosive  force  being  made  to  act  against  pistons  work- 
ing in  two  cylinders,  wherein  the  explosions  of  the  gas  mixed  with 
atmospheric  air  take  place  alternatelj',  either  by  the  agency  of 
electricity  or  by  the  flame  of  a  gas-light.  To  what  extent  how- 
ever sucii  an  explosive  force  would  be  available,  supposing  it  could 
be  regulated  to  act  with  uniform  pressure,  is  a  question  deser\ing 
consideration,  as  the  attempt  has  been  previously  made,  and  may 
be  again  and  again  repeated. 

There  is  a  peculiarity  in  the  power  generated  by  all  explosions, 
which  renders  it  almost  impossible  to  employ  it  usefully  in  working 
machinery;  inasmuch  as  the  greatest  part  of  the  force  exerted  de- 
pends on  the  instantaneous  or  percussive  action,  which  enables  it 
to  overcome  resistances  that  would  not  yield  to  the  same  amount 
of  force  steadily  applied.  In  the  explosion  of  hydrogen  gas  there 
is  the  further  peculiarity,  that  the  resulting  product  occupies  so 
much  less  space  than  the  original  gases  as  to  result  in  a  partial 
vacuum ;  and  we  have  heard  a  popular  lecturer  when  noticing 
this  result  assert,  that  in  such  explosions  the  force  is  directed 
altogether  inwards,  and  that  there  is  no  external  force  whatever : 
this  assertion,  too,  was  made  in  defiance  of  the  common  experi- 
ment of  the  electrical  pistol,  w  ith  which  he  must  have  been  fami- 
liar. The  external  force  is  indeed  only  momentary,  and  depends 
upon  the  instantaneous  expansion  of  the  gases  by  the  heat  caused 
by  their  ignition  ;  consequently,  the  difficulty  of  regulating  such  a 
power  is  greatly  increased  ;  but  that  there  is  power  exerted  there 
can  be  no  doubt,  though  the  amount  of  it  we  believe  to  be  too 
small  to  be  ever  practically  available. 

VVith  a  view  to  ascertain  the  amount  of  force  generated  by  the 
explosion  of  hydrogen  gas,  we  some  years  since  made  several  expe- 
riments, which,  if  not  strictly  accurate,  were  sufficiently  so  to 
enable  us  to  conclude  that  the  force  generated  is  much  too  small 
to  be  of  use,  and  amounts  only  to  the  expansion  of  the  gases  em- 
ployed into  about  eight  times  their  original  volume;  or  to  the 
exertion  of  a  momentary  pressure  of  eight  atmospheres.  The  ex- 
periments were  arranged  in  two  different  ways,  but  the  results 
nearly  coincided.  The  first  method  adopted  was,  to  ascertain  the 
quantity  of  water  displaced  by  the  explosion  of  a  given  volume  of 
hydrogen  gas  mixed  with  atmospheric  air.  A  square  tin  vessel, 
open  at  the  bottom,  w  as  made ;  to  the  top  of  which  there  was  sol- 
dered a  smaller  tin  vessel  that  held  one  cubic  inch.  This  smaller 
vessel  for  holding  the  gas,  was  open  entirely  at  the  bottom,  so  as 
to  form  in  fact  only  a  projection  from  the  top  of  the  larger  one. 
Insulated  wires  were  introduced  into  the  small  gas-holder,  for  the 
purpose  of  causing  explosion  by  means  of  an  electric  spark.  The 
vessel  having  been  filled  with  and  inverted  in  water,  a  cubic  inch 
of  an  explosive  mixtKre  of  hydi'ogen  gas  and  atmospheric  air  was 
passed  up  into  the  small  reservoir.  A  small  trough,  into  which  the 
tin  vessel  was  inverted,  was  then  filled  exactly  to  the  brim;  and  the 
tin  was  held  firmly  on  supports,  which  raised  it  several  inches 
above  the  bottom  of  the  trough.  The  electric  spark  was  passed 
through  the  gas,  and  the  explosion  forced  over  a  quantity  of  water 
into  a  receiver.  By  measuring  the  water  thus  displaced,  the  ex- 
pansion of  the  gas  by  heat  during  the  explosion  was  ascertained. 
This  experiment  was  several  times  repeated  with  nearly  corre- 
sponding results  :  the  amount  of  water  displaced  being  about  eight 
times  the  volume  of  the  mixed  gas. 

In  the  second  method  the  experiments  were  made  in  the  dry  way. 
Under  the  impression  that  the  explosive  force  was  very  great,  a  gun 
barrel  was  procured ;  and  a  piston,  attached  to  a  small  rod,  was 
loosely  fitted  into  the  barrel.  The  mixed  gases  were  introduced 
from  a  bladder  through  a  hole  at  the  breach  ;  the  space  occupied  by 
the  gases  being  measured  by  the  height  to  which  the  piston  was 
drawn  up.  Tlie  explosion  of  the  gases  was  effected  by  an  electric 
spark:  and  the  space  in  the  gun-barrel  through  which  the  piston 
was  forced  was  ascertained  by  a  narrow  ribbon  attached  to  the 
piston  rod  ;  the  ribbon  being  drawn  out  with  the  rod  during  the  ex- 


plosion, and  left  loose  afterwards.  The  loose  part  of  the  ribbon 
indicated  the  extent  to  which  the  piston  had  been  forced  from  its 
first  position,  and  by  measuring  and  comparing  it  with  the  space 
of  cupied  by  the  gas,  the  expansive  force  of  the  explosion  was  de- 
termined, and  it  nearly  agreed  with  the  results  of  the  first  set  of 
experiments.  In  the  course  of  these  experiments  the  operator  had, 
unexpectedly,  personal  experience  of  the  force  exerted  by  tlie 
explosion.  The  bladder  containing  the  mixed  gases,  whilst  held 
under  his  arm,  was  inadvertently  brought  near  the  flame  of  a 
candle,  and  the  contents  exploded' with  a  loud  report  and  concus- 
sion, that  blew  out  the  candles  and  left  him  in  the  dark,  somewhat 
stunned,  indeed,  by  the  force,  but  without  inflicting  any  injury. 

Though  these  modes  of  experimenting  were  certainly  not  calcu- 
lated to  afiord  very  accurate  results,  yet  they  proved  that  the  ex- 
pansi^■e  force  of  hydrogen  gas  is  \ery  much  less  than  we  had  antici- 
pated, and  that  consequently  it  was  useless  to  pursue  our  attempts 
to  render  it  a\'ailable  as  a  motive  power.  It  is  very  probable  that,  by 
using  other  proportions  of  hydrogen  gas  and  atmospheric  air  than 
we  employed,  greater  force  may  be  obtained;  but  it  cannot,  we  feel 
convinced,  be  under  any  circumstances  at  all  comparable  to  the 
explosi\'e  force  of  gunpowder.  The  terrific  effects  so  frequently 
produced  in  coal  mines  by  explosions  of  carburetted  hydrogen 
gas,  may  probably  lead  to  the  supposition  that  the  explosive  force 
is  immense  ;  but  if  the  large  volumes  of  gas  exploded  in  producing 
such  disastrous  results  be  taken  into  consideration,  it  will  be  found 
that  the  power  exerted  is  insignificant,  compared  with  the  explo- 
sive force  of  other  agents. 


NEW  ELECTRIC  LIGHT. 

An  experiment  was  made  on  the  Great  Western  Railway,  on  the 
18th  ult.,  to  test  the  power  of  a  new  species  of  light  produced  by 
electricity,  particularly  with  a  view  to  its  being  used  by  railway 
trains.  The  light  is  produced  by  an  apparatus  invented  by  M.  Le 
Mott,  a  French  gentloman,  who  has  been  for  several  years  em- 
plo}  ed  in  electrical  experiments  in  Russia,  and  whose  discoveries 
in  that  department  are  well  known  to  the  scientific  world.  At  half- 
past  six  o'clock  a  truck,  containing  a  square  wooden  box,  about  the 
size,  though  not  the  shape,  of  a  sentry-box,  and  having  a  galvanic 
battery  of  some  60  or  70  small  jars  disposed  around  it,  was  attached 
to  the  last  carriage  of  the  tiain  then  about  to  proceed  from  Pad- 
dington.  The  light  was  produced  inside  the  box,  and  the  rays, 
condensed  and  heightened  by  a  powerful  reflector,  were  emitted  by 
an  aperture  contrived  for  the  purpose.  The  light  was  produced 
before  the  train  left  Paddington,  when  a  dazzling  blaze  filled  the 
whole  of  the  spacious  station,  casting  the  numerous  gas  lamps 
there  completely  into  the  shade.  As  the  train  proceeded  on  its 
way,  the  reflection  left  a  long  track  of  clear  bright  light  for  the 
distance  of  a  mile  and  more  behind  it,  in  such  a  manner  as  to  ren- 
der it  utterly  impossible  that  any  train  coming  up  behind  should 
run  into  it,  except  as  the  effect  of  deliberate  intention.  The  re- 
flection, as  seen  from  the  carriage,  was  very  beautiful,  the  pris- 
matic colours  being  distinctly  and  vividly  delineated  along  the 
outer  edge  of  the  circle  of  radiation;  and  as  these  fell  upi^n  the 
dense  column  of  smoke  ascending  from  the  engine,  the  effect  was 
singulai  and  striking.  The  night  was  dark,  but  clear,  and  so  far 
favourable  to  the  experiment ;  and  objects,  such  as  a  bridge,  were 
rendered  distinctly  visible  at  the  distance  of  about  two  miles.  The 
experiment  was  made  as  far  as  Slough,  on  arri\'ing  at  which  station 
the  truck  was  detaclied  from  the  train,  and  continued  there  for 
about  half-an-hoiu',  till  the  up-train  arri\ed,  with  which  it  returned 
to  town.  While  at  Slough,  the  light  was  turned  in  the  direction 
of  Windsor  Castle,  as  it  was  the  expectation  of  M.  Le  Mott, 
who  accompanied  the  experiment,  that  it  would  be  seen  from 
thence.  While  there  a  gentleman  stationed  himself  at  the  dis- 
tance of  200  yards  or  so  from  the  apparatus,  and  read  a  newspaper 
by  the  light  produced,  which  he  found  he  could  do  with  perfect 
ease.  Tlie  apparatus  then  returned  to  town  in  the  same  manner, 
the  light  being  continuously  intense  during  the  whole  of  the  jour- 
ney and  return ;  and  we  were  informed  by  the  ingenious  inventor 
that  thei'e  could  be  no  diflSculty  in  keeping  it  up  for  the  whole 
night.  The  experiment  afforded  great  satisfaction  to  all  who  wit- 
nessed it,  the  only  drawback  being,  that  the  apparatus,  having 
been  in  the  first  instance  adapted  for  stationary  e.xperiments,  suf- 
fered considerably  from  the  jolting-  inseparable  from  railway  mo- 
tion— a  defect  which  the  inventor  considered  might  be  with  ease 
overcome  in  any  future  experiment. 
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PROCESoiKras  op  scientific  societies. 

ROYAL  INSTITUTE  OF  BRITISH  ARCHITECTS. 

Nov.  20— Earl  De  Grey,  President,  in  the  Chair. 

This  was  the  opening;  mee'ing.  The  President,  in  presenting  tlie 
Royal  .Merlal  which  had  heen  awarderl  to  Mr.  Cockerell  by  the  Institiile, 
in  Febrnary  last, — but  which,  in  consequence  of  the  time  required  to  pre- 
pare the  dies,  made  expressly  for  this  purpose,  had  not  been  presented  ;it 
the  closing  meeting  of  the  last  session — complimented  that  gentleman  on 
his  being  the  first  individual  selected  by  his  professional  brethren  to  receive 
the  honour  which  the  Sovereign  had  placed  at  the  disposal  of  the  In- 
stiiute. 

Prof.  Do\ALnsoN  then  gave  a  description  of  the  Cathedral  Church  of 
St.  Isaac,  Petersburgh. 


SOCIETY  OF  ARTS,  LONDON. 
Nob.  22.— J.  Walker,  Esq.,  C.E.,  in  the  Chair. 

A  letter  from  the  Royal  Society  of  Edinburgh  was  read.  It  was  accom- 
panied by  a  medal  bearing  the  liligy  of  Napier  of  Merchiston,  and  was 
olfered  as  a  mark  of  respect  for  the  Society  of  Arts. 

The  Secretary  read  an  address  from  the  Council,  which  concluded  as 
follows: — "It  is  proper,  however,  that  the  Council  should  direct  special 
attention  to  a  new  feature  in  the  exhibitions  of  the  present  session.  It  has 
been  complained,  that  for  a  couple  of  years  the  Society  has  directed  atten- 
tion too  exclusively  to  the  Fine  Arts,  to  I  he  neglect  of  the  Mechanical  Arts 
and  Manufactures.  This  may,  perhaps,  be  in  part  true.  But  in  reforming 
the  opprations  of  the  Society,  it  was  necessary  to  do  one  thing  at  a  time. 
The  Council  have  postponed  the  mechanics — not  lost  sight  of  iheni ;  and 
have  availed  themselves  of  the  past  vacation  to  prepare  the  large  room  on 
the  ground  floor  for  the  reception  at  Christmas  of  an  exhibition  of  the 
models  of  large  inventions  of  recent  date  and  of  a  mechanical  nature.  This 
they  hope  will  allord  the  public  the  gratitication  of  having  laid  systema- 
tically before  them  all  that  is  most  important  in  the  records  of  modern  in- 
vention." 

"  0:i  a  plan  for  cnnstructing  a  Malkahle  Iron  Lever  Bridge."  By 
Mr.  T.  M.  Gladstone. — The  advantages  which  the  author  considers  it  to 
possess  over  other  plans,  are  that  of  enabling  bridges  of  any  span  to  be 
built  without  a  centering,  whereby  a  saving  is  effected  ;  also  enabling  a 
flatter  roadway  to  be  obtained  while  a  higher  waterway  is  insured  than 
can  be  got  by  any  plan  in  which  the  arch  springing  from  the  pier  is  made 
use  of.  The  paper  concluded  with  a  detailed  account  of  the  comparative 
cost  of  constructing  bridges  on  the  various  plans  hitherto  used,  and  also  of 
the  weights  of  metal  employed. 


INSTITUTION  OF  MECHANICAL  ENGINEERS. 

At  the  last  quarterly  meeting  of  the  members  of  this  institution,  held  at 
Birmingham,  the  recent  death  of  George  Stephenson,  the  lamented  Presi- 
dent  of  the  Society,  and  the  intimation  that  a  paper  relating  to  his  character 
and  life  would  be  read  at  this  meeting,  invested  the  proceedings  with  an  un- 
usual degree  of  interest. 

After  the  minutes  had  been  read  and  confirmed,  Mr.  M'Connell,  who 
occupied  the  chair,  said  that  in  consequence  of  the  absence,  from  illness,  of 
Mr.  Scott  Russell,  the  duty  devolved  upon  him  (the  chairman)  of  reading 
the  paper  on  the  character  of  their  late  worthy  and  much-iaraented  Presi- 
dent. They  had  met  for  the  lirst  time  since  the  death  of  the  great  man  who 
had  lately  presided  over  them — an  event  which  the  society  greatly  deplored, 
and  their  grief  was  shared  by  all  who  could  appreciate  honesty  and  genius. 
In  his  death  the  world  had  lost  one  of  its  brightest  ornaments.  He  had 
risen  by  the  force  of  his  own  talents  from  a  humble  rank  in  life.  He  was  a 
kind  friend,  and  not  less  distinguished  as  a  man  than  as  a  great  mechanical 
genius.  As  long  as  railways  existed,  the  name  of  Stephenson  would  live 
with  them. 

The  Chairman  then  proceeded  to  read  Mr.  Russell's  memoir,  the  length 
of  which  precludes  tlie  possibility  of  insertion  here. 

At  the  conclusion  of  the  paper,  Mr.  Gbach  then  said  he  rose  under  feel- 
ings of  no  ordinary  kind  to  propose  that  the  society  should,  at  this  the  earliest 
possible  moment,  place  on  their  minutes  an  expression  of  their  deep  regret 
at  the  loss  of  their  much  esteemed  friend  and  President,  Mr.  George  Ste- 
phenson. Really  when  they  remembered  his  last  appearance  amongst  them 
at  their  last  meeting,  in  high  spirits,  good  health,  and  indomitable  strength 
and  activity  of  mind,  it  was  not  easy  to  realise  the  full  extent  of  the  cala- 
mity that  had  befallen  them,  nor  to  speak  of  the  bereavement  without  feel- 
ings of  strong  emotion.  He  (Mr.  Geach)  had  not  known  their  late  Presi- 
dent so  long  as  many  present;  but  the  peculiarity  of  Mr.  Stephenson's  cha- 
racter was,  that  one  did  not  require  that  time  should  elapse  before  he  was 
known  and  loved.  It  was  impossible  for  any  one  younger  than  him  to  regard 
him  with  any  other  feelings  than  those  of  deep  affection.  There  was  some- 
thing in  his  manner,  in  the  very  tone  of  his   voice,  which  endeared  him  to 


all.  He  was  open,  honest,  manly,  and  stroightforward  in  all  his  dealings; 
sometimes  rough,  hut  that  peculiarity  never  could  hide  the  inherent  kind- 
ness of  his  disposition,  Peculiarities  he  had,  undoubtedly,  but  in  his  long 
battle  with  the  world  he  had  so  often  found  himself  right,  that  he  was,  as 
it  were,  privileged  to  speak  authoritatively ;  and,  moreover,  what  in  other 
men  would  have  been  unpardonable,  if,  in  him,  noticed  at  all,  only  made 
him  the  better  liked.  There  was  another  peculiarity  that  was  remarkable  : 
he  was  never  ashamed — nay,  he  was  proud  of  his  early  life.  He  never  at- 
tempted to  gloze  over  his  struggles  with  an  unfavourable  position  ;  and 
while  he  was  the  associate  of  peers  of  the  realm,  he  looked  hack  on  his 
early  associations  with  pleasure  and  pride.  And  this  was  almost  the  only 
pride  he  had,  for  his  greatest  delight  was  in  meeting  with  the  son  of  some 
early  friend  who  bad  laboured  alongside  of  him,  and  gladly  acknowledging 
the  claim  such  a  man  had  upon  his  kindly  aid.  He  (Mr.  Geach)  could  not 
refrain  from  giving  these  feelings  expression;  and,  in  conclusion,  he  would 
propose  the  following  resolution  : — "  That  the  members  of  this  institution 
desire  to  express  tlieir  deep  regret  at  the  decease  of  their  late  President, 
George  Stephenson,  whose  early  support  of  this  institution  has  greatly  con- 
tributed to  bring  it  to  its  present  state  of  success." 

Mr.  ForHERGiLL  briefly  seconded  the  motion,  which  was  carried  nnani- 
mously. 

Mr.  M'Connell  remarked,  that  immediately  after  the  death  of  Mr.  Ste- 
phenson, the  Council  of  the  institution  met  at  Manchester,  and  drew  up 
aufl  forwarded  a  letter  of  condolence  to  his  widow  for  the  great  loss  she 
had  experienced.  They  at  the  same  time  thought  that  the  best  tribute  thf  y 
could  pay  to  his  memory,  and  the  best  service  they  could  render  the  society, 
would  be  the  selection  of  Mr.  Robert  Stephenson  as  a  successor  to  his 
father.  Accordingly,  Mr.  FothergiU  and  Mr.  Buckle  had  put  themselves 
into  communication  with  that  gentleman,  and  the  result  was,  that  he  had 
consented  to  accept  the  ofBce  of  President.  The  announcement  was  re- 
ceived with  loud  applause. 

Mr.  Fothergill  detailed  the  steps  they  had  taken  to  bring  about  this  de- 
sirable consummation. 

Mr.  M'Connell  then  formally  proposed  the  election  of  Mr.  Robert  Ste- 
phenson. A  better  choice  could  not  have  heen  made,  and  the  active  connei'- 
tion  of  that  gentleman  with  their  society  would  give  their  proceedings  addi- 
tional lustre. 

The  motion  was  seconded  by  Mr.  Fothergill,  and  passed  by  acclamation. 

"  On  the  Adaptation  of  the  Cambrian  Engine  to  Locomotive  Purpofies.''* — 
A  paper  on  this  subject,  accompanied  by  drawings,  contributed  by  Mr.  John 
Jones,  of  Bristol,  was  then  read  by  the  Secretary.  The  advantages  claimed 
for  an  engine  constructed  on  this  principle  are  the  obtaining  a  long  stroke 
in  the  crank,  without  the  disadvantages  of  a  long-stroked  c\linder,  where 
high  velocities  are  required,  the  arrangement  of  the  levers  which  balance  the 
engine,  the  entire  disappearance  of  any  oscillating  motion  of  the  engine, 
and  doing  away  with  all  centre  pressure. — A  somewhat  lengthy  and  inte- 
resting discussion  followed  the  reading  of  this  paper,  in  which  the  Chair- 
man, Mr.  Cowper,  Mr.  Slate,  Mr.  Peacock,  Mr.  Crampton,  Mr.  Humphries, 
Mr.  Beyer,  and  others,  took  part.  Considerable  diflference  of  opinion 
existed  as  to  the  value  of  the  engine  described.  The  weight  of  the  argu- 
ment, which  we  have  not  space  to  follow,  was  against  the  presumption  that 
the  adaptation  would  be  advantageous  ;  but  at  the  suggestion  of  the  chair- 
man it  was  proposed  to  reserve  any  decision  on  its  merits  until  thei'e  was 
more  information  before  the  meeting. — This  suggestion  was  adopted,  and 
the  discussion  terminated. 

"  On  a  Railwaij  Elevator." — Mr.  Fothergill  read  a  paper  contributed  by 
Mr.  W.  L.  Kinmond,  of  Glasgow,  on  an  elevator  erected  for  the  Glasgow  and 
Ayr  Railway  Company.  Several  members  stated  that  they  had  seen  the  ma- 
chine at  work,  and  it  was  an  admirable  piece  of  mechanism.  It  had  been 
erected  in  1840,  and  had  never  required  repair,  except  in  one  instance  some 
few  years  ago. 

"  Brockeilon's  Patent  India  Rubber  Joints." — Mr.  Cowper  brought  this 
subject  before  the  meeting  in  a  brief  explanation  of  the  application  of  vul- 
canised India  rubber  to  pipe  joints,  and  their  economy  compared  with  those 
of  lead,  the  cost  being  about  half. — Mr.  Fothergill  apprehended  that  the 
practical  objection  to  the  adoption  of  the  joints  would  be  the  difficulty  of 
repairing  them. — Mr.  Richards,  of  Worcester,  said  he  had  had  more  than 
twelve  months'  experience  of  the  joints,  and  he  could  speak  in  confident 
terms  of  the  great  value  of  the  invention.  They  had  withstood  the  influ- 
ences of  ammonia  and  other  gases,  and  did  not  seem  to  be  at  all  alfected  by 
the  changes  of  temperature.  He  considered  that  the  repairs  could  be  done 
even  more  easily  with  joints  such  as  those  than  with  lead,  for  there  was  no 
use  for  the  shoulders  with  which  the  spigot  in  the  drawing  before  them  was 
encumbered.  He  intended  to  adopt  the  joints  extensively. — Mr.  Fother- 
gill said  that  Mr.  Richards's  explanation  had  removed  the  objection  stated. 
— .\fter  a  few  other  commendatory  remarks,  in  which  the  value  of  the  adop- 
tion of  India  rubber  was  unanimously  acknowledged,  the  Chairman  re- 
marked that  they  seemed  to  be  agreed  as  to  the  usefulness  of  these  joints, 
their  durability  being  the  only  point  on  which  the  society  could  not  give  an 
opinion. 
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NOTES  OF  THE   MONTH. 

Branch  Passenger  Locomotives. — Several  trips  were  made  on  Wednesday, 
15th  ult.,  on  the  West  London  Railway,  with  a  little  passenger-carriage 
engine,  the  Fairfield,  which  has  been  constructed  for  one  of  the  branches  of 
the  Bristol  and  Exeter  line.  The  engine,  "  tender,"  and  carriage,  which 
have  been  constructed  by  Mr.  Adams,  of  Fairfield  Works,  Bow,  are  con- 
nected together  upon  one  frame,  and  weigh,  with  coke  and  water,  about  10 
tons.  The  object  sought  is  to  economise  the  working  expenses  of  branch 
lines,  and  to  introduce  light  rails  and  light  engines  into  various  districts  of 
the  country,  the  p.issenger  and  goods  traffic  of  which  are  not  calculated  to 
pay  a  dividend  upon  the  ordinary  outlay  for  laying  down  the  present  cha- 
racter of  permanent  way,  and  supplying  the  present  locomotive  and  carriage 
stock.  The  engine  and  carriage  run  upon  six  wheels.  The  engine  has  but 
two  wheels — viz. :  the  driving-wheels,  which  are  in  front.  She  is  fastened 
to  the  carriage  by  longitudinal  side-plates,  which  are  screwed  together,  and 
also  by  bolts  and  screws  through  a  transverse  frame,  so  that  when  in  work- 
ing order  the  whole  may  be  said  to  run  upon  one  frame.  The  ongine  has 
an  upright  boiler  similar  to  the  little  22  cwt.  express  engine  belonging  to 
Mr.  Samuel,  the  resident  engineer  of  the  Eastern  Counties  Railway.  The 
boiler  has  150  tubes  of  1 J  inch  diameter  outside,  and  4  feet  long.  The  fire- 
box is  2  feet  6  inches,  by  2  feet.  The  diameter  of  the  driving  wheels,  which 
have  about  3  tons  upon  them,  is  4  feet  6  inches;  the  cylinder  8  inches,  and 
the  stroke  12  inches.  The  engine  is  to  be  worked  at  about  100  lbs.  pres- 
sure, and  the  consumption  of  coke  is  calculated  at  10  lbs.  per  mile.  In  front 
of  the  driving  wheels  is  the  tank,  which  holds  220  gallons  of  water.  The 
coke  is  carried  in  an  iron  box  attached  to  the  carriage.  The  carriage  is  a 
composite  one,  and  will  afford  sitting-room  for  16  first-class  and  32  second- 
class  passengers  ;  but  by  a  slight  alteration  the  same  compartments  might  be 
made  to  accommodate  60  persons.  The  cylinders  of  the  engine  communi- 
cate with  the  axle  through  an  intermediate  crank  shaft.  This  is  connected 
with  the  axle  by  side-rods.  The  trailing  and  centre-wheels  run  loose  on 
their  axles;  the  axles  also  run  loose  in  their  journals.  The  trips  were  run 
under  great  disadvantages.  Being  a  new  engine,  her  boiler  is  necessarily 
dirty,  and  she  runs  stiff.  It  was  not  till  three  or  four  journeys  had  been 
made  that  the  priming  could  be  kept  down  sufficiently  to  get  anything  like 
an  effective  working  pressure  in  the  cylinders.  But,  with  these  disadvan- 
tages, the  little  engine  and  carriage  maintained  a  speed  of  24  miles  an  hour 
up  1  in  100,  and  41  miles  per  hour  down  the  same  incline.  About  30  per- 
sons were  in  the  carriage  and  upon  the  engine  during  these  trips.  Another 
of  these  carriage  engines  is  in  the  course  of  construction  for  the  Eastern 
Counties  lines.  The  boiler  is  to  be  the  common  horizontal  one.  In  a  few 
days  the  Fairfield  will,  no  doubt,  be  in  pretty  good  working  order.  We  shall 
then  make  a  few  more  trips  upon  her,  and  be  able  to  oflTer  an  opinion  upon 
her  speed  and  power. — Herald, 

London  and  North-Western  Sailway — Deterioration  of  Permanent  Way. 
— It  is  staled  a  committee  has  been  appointed  by  the  directors  of  the  Lon- 
don and  North-AVestern  Railway  Company,  consisting  of  Mr.  Dockray, 
the  resident  engineer;  Mr.  IM'Connell,  the  locomotive  superintendent; 
Mr.  Madigan,  the  ballast-carrying  contractor  for  the  southern  division  of 
the  line  ;  and  Mr.  Crampton,  C.E. ;  for  the  purpose  of  discussing  by  what 
means  the  comparative  deterioration  of  the  permanent  way,  caused  by  heavy 
engines  of  different  classes,  may  be  ascertained. 

Certain  Prevention  of  Explosions  in  Steam  Engines. — It  is  impossible 
for  the  force  of  elastic  steam  to  produce  the  breaking  of  engines  and  rending 
of  boilers  that  so  frequently  occur,  they  are  the  work  of  the  explosive 
principle,  when  disengaged  from  its  combination  with  steam.  Similar  in 
its  effects  to  lightning,  it  is  identical  with  electricity  in  its  distinctive  pro- 
perties ;  its  velocities  are  in  effect  unlimited  ;  it  is  devoid  of  weight,  and 
not  subject  to  the  laws  of  gravitation,  which  are  inherent  in  all  matter  that 
has  weight,  and  it  is  hence  evident  that  it  may  be  conveyed  away  by  si- 
milar conductors.  It  is  absolutely  certain  that  the  explosive  principle  is 
disengaged  from  steam  as  it  is  let  into  the  cavity  of  the  nozzle,  or  valve 
chamber,  on  the  opening  of  the  steam  valve  ;  the  pressure  that  kept  them 
combined  is  then  in  great  part  taken  off,  until  the  cavity  is  filled  with 
steam.  There  is  no  proper  escape  of  the  explosive  element  frem  the 
nozzle,  which  is  heated,  and  in  effect  insulated,  and  the  accumulation  is 
highly  dangerous  ;  but  it  may  be  safely  carried  off  by  proper  conductors — 
those  most  convenient  are  small  copper  tubes.  One  end  of  a  tube  of  proper 
length  is  to  be  terminated  in  the  best  manner  for  the  diffusion  of  the  electric 
fluid — the  other  end  to  enter  the  cavity  of  the  nozzle,  and  have  over  its 
orifice  a  slight  valve,  kept  by  a  spring  a  little  open,  to  allow  the  explosive 
element  to  pass  oft"  by  the  tubular  conductor,  the  valve  to  close  by  the  force 
of  steam,  as  the  cavity  becomes  filled  therewith.  The  conductors  of  a  con- 
densing engine  should  be  carrit^d  high  enough  above  the  water  in  which 
they  terminate  to  preserve  the  vacuum.  The  security  from  explosions  and 
breaking  of  engines  must  be  complete,  the  cost  and  trouble  only  nominal. — 
J.  Wilder  :  N.  V.  Tribune. 

Testing  of  Metal  at  Woolwich  Dockyard.— The  trial  of  the  large  guns 
supplied  to  the  Board  of  Ordnance,  which  has  been  carried  on  during  the 
last  18  months,  for  the  purpose  of  ascertaining  the  best  description  of  gun, 
and  the  best  metal  supplied  by  contractors,  has  just  been  concluded,  and 
Colonel  Dundas,  C.B.,  and  Mr.  Monk,  deserve  great  credit  for  the  excel- 
lence of  their  models.  The  former  32-pounder  gun,  of  50  cwt.,  is  now 
reduced  on  Colonel  Dundas's  principle  of  construction  to  25  cwt.,  effect- 


ing a  saving  of  IJ  ton  on  each  gun  of  that  calibre — the  average  price  of 
the  metal  being  from  lOl.  to  12/.  per  ton.  There  is  also  a  saving  of  6  lb. 
of  powder  on  each  charge,  the  former  charges  being  10  lb.,  and  the  new 
pattern  being  found  equally  efficient  with  a  charge  of  41b.  The  guns 
cast  at  the  Low  INIoor  Foundry,  in  Yorkshire,  have  been  found  to  stand 
the  heaviest  charges  when  fired,  and  will  consequently  receive  the  largest 
orders.  The  expense  of  the  trials  has  been  considerable  ;  but  the  saving 
which  will  ultimately  be  effected,  and  the  knowledge  that  no  danger  is 
now  to  be  apprehended  from  the  bursting  of  guns  when  placed  on  board 
of  ships,  or  mounted  for  service  in  the  garrisons,  must  give  confidence  in 
working  them.  A  trial  has  also  been  made  of  a  wrought-irou  9-pounder 
gun,  submitted  by  Mr.  Morgan,  of  Bristol,  but  it  had  been  found  inappli- 
cable to  the  service,  in  consequence  of  the  great  recoil  breaking  the  cap 
squares,  or  coverings,  of  the  trunnions. 

Marine  Compass.— A  new  invention,  by  Captain  Sir  Samuel  Brown, 
K.H.,  patentee  of  the  chain  cables,  has  been  exhibited  in  the  Hortsmouth 
Dockyard.  It  is  a  compass  in  a  glass  box,  sustained  by  a  small  pillar 
with  telescope  slides,  by  which  it  can  be  elevated  or  lowered  to  any  desired 
height.  It  is  designed  to  obviate  the  local  attraction  of  the  ships.  The 
card  is  transparent,  and  the  whole  apparatus  will  supersede  the  use  of  the 
binnacle.  There  is  a  mirror  attached  to  it,  on  which  the  helmsman  will  be 
able  to  see  the  refiection  of  the  compass  card.  A  lamp  will  be  placed 
over  it  at  night.  The  whole  is  a  most  ingenious  contrivance,  and,  if  suc- 
cessful, will  effect  a  great  desideratum  for  the  nautical  world. 

Supply  of  Water  from  the  New  Red  Sandstone. — We  learn,  from  the 
Manchester  Guardian,  that  the  mayor  of  that  town  and  several  of  the  coun- 
cil, on  the  invitation  of  the  directors  of  the  Manchester  and  Salford  Water- 
works Company,  proceeded  lately  to  the  works  of  the  company  at 
Gorton,  to  witness  the  success  with  which  a  shaft  had  been  sunk 
into  the  new  red  sandstone.  After  inspecting  the  reservoir,  they  visited 
the  chief  object  of  attraction — the  splendid  new  and  powerful  Cornish  en- 
gine, wliich  has  just  been  put  down  by  the  company,  and  which  was  set  to 
work  to  exhibit  its  great  capabilities  in  pumping  up  a  vast  volume  of  the 
water  obtained  by  sinking  in  the  red  sandstone  to  a  depth  of  70  yards. 
The  water  is  stored  by  means  of  galleries  from  the  main  shaft,  which  serve 
as  internal  and  subterranean  reservoirs.  The  volume  of  water  thus  raised 
by  this  engine  is  estimated  to  be  equal  to  about  2,000,000  of  gallons  per 
day,  a  quantity  considerably  exceeding  the  cxpeclalious  of  the  company 
themselves. 

A  Neiv  Method  of  Extracting  Pure  Gold  from  Alloys  and  from  Ores. — 
The  following  method  of  obtaining  pure  metallic  gold  in  the  form  of  a 
spongy  mass,  has  been  practised  by  me  for  several  years,  and  no  account 
of  the  process  has,  to  my  knowledge,  heretofore  been  published.  It  is  very 
useful  to  the  chemist  and  to  the  manufacturer,  and  is  more  economical  than 
any  other  method  that  I  am  acquainted  with.  After  separating  the  gold 
from  silver,  by  means  of  a  mixture  of  nitric  and  hydrochloric  acids,  as  is 
usually  done,  the  solution  containing  gold  and  copper  is  to  be  evaporated 
to  small  bulk,  and  the  excess  of  nitric  acid  is  thus  driven  off.  A  little 
oxalic  acid  is  added,  and  then  a  solution  of  carbonate  of  potash,  sufficient 
to  take  up  nearly  all  the  gold  in  the  state  of  aurite  of  potash  is  gradually 
added.  A  large  quantity  of  chrystallised  oxalic  acid  is  now  added,  so  as 
to  be  in  great  excess,  and  the  whole  is  to  be  quickly  boiled.  All  the  gold 
is  immediately  precipitated  in  the  form  of  a  beautiful  yellow  sponge,  which 
is  absolutely  pure  metallic  gold.  All  the  copper  is  taken  up  by  the  excess 
of  oxalic  acid,  and  may  be  washed  out.  Boil  the  sponge  in  pure  water  so 
long  as  any  trace  of  acidity  remains,  and  the  gold  is  then  to  be  removed 
from  the  capsule,  and  dried  on  filtering-paper.  It  may  be  formed  into  rolls, 
bars,  or  thin  sheets,  by  pressing  it  moderately  in  paper.  I  have  made  se- 
veral useful  applications  of  the  gold  sponge  thus  prepared,  and  had  a  tooth 
plugged  with  it  in  October,  1846,  to  which  purpose  it  is  well  adapted.  By 
moderate  pressure  the  spongy  gold  becomes  a  solid  mass,  and  burnishes 
quite  brilliantly.  The  jeweller  or  goldsmith  will  find  spongy  gold  to  be 
quite  convenient  when  he  requires  it  for  a  solder,  and  it  is  a  convenient 
form  of  the  metal  for  making  an  amalgam  for  fine  gilding.  I  have  used  it 
for  some  years  in  soldering  platina,  and  prefer  it  to  the  tilings  of  gold  or 
foil  for  that  purpose.  This  method  of  separating  fine  gold  from  coarse  is 
very  simple,  and  cheaper  than  the  usual  processes.  It  is  applicable  in  the 
separation  of  gold  from  ores  that  may  be  treated  by  acids,  and  is  vastly 
preferable  to  the  method  commonly  used  by  chemists  and  assayers.  When 
making  oxide  of  gold  for  dentist's  use,  the  chemist  will  find  that  oxalic 
acid,  added  to  this  potassic  solution,  will  at  once  recover  all  the  gold  that 
is  dissolved  in  an  excess  of  the  alkaline  solution.  Many  other  applica- 
tions of  this  very  simple  method  will  occur  to  chemists  and  artisans. — C. 
T.  Jackson  :  Siltiman's  Journal. 

Extraordinary  Block  of  Granite.— K  block  of  granite,  containing  upwards 
of  12,000  cubic  feet  of  stone,  and  exceeding  in  weight  830  tons  was  lately 
dislodged  at  the  granite  quarries  of  Messrs.  Freeman  and  Co.,  at  Maen. 
A  hole  9  feet  deep  having  been  bored,  H  pound  of  powder,  with  which  it 
was  charged,  produced  a  slight  crack  ;  into  this  was  thrown  another  charge 
of  35  lbs.,  which,  on  explosion,  threw  out  this  immense  block  several  yards 
from  its  bed.  Considering  the  largeness  of  some  of  the  stones  produced  at 
these  quarries,  it  is  astonishing  in  how  comparatively  short  a  time  they  are 
prepared  for  exportation.  A  few  days  since,  another  large  rock  was  un- 
seated, measuring  when  wrought  150  feet,  and  in  weight  11  tons;  the 
preparing  and  working  of  which  was  performed  by  a  couple  of  men  in 
a  week. 
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Safety  Pressure- Gauge  for  Gas-Works.—ln  the  manufacture  of  gas  there 
are  raanv  circumstances  umler  which  accidents  are  very  hkely  to  occur;  for 
instance',  if  the  pipes  which  conduit  the  gas  happen  to  become  obstructed 
by  deposits  of  crystalised  napthaline,  or  carbonate,  or  hypo-sulpliate  of  am- 
)nonia,  there  are  great  dangers  of  explosions.  Any  negltct  in  the  compU- 
cated  arrangements  of  the  valves  will  form  an  obstruction,  and  by  preventing 
the  free  flow  of  the  gas  generated  in  the  retoris  into  the  gasometers,  an  ex- 
plosion is  the  result.  The  only  means  at  present  in  general  use  to  call  at- 
tention to  the  state  of  the  gas  in  the  tubes  is  the  ordinary  pressure  gauge, 
which  is,  under  many  circumstances,  insufficient.  M.  Magnier  communi- 
cated at  the  last  sitting  of  the  Paris  Academy  of  Sciences,  a  plan  for  an 
apparatus  for  giving  timely  warning  of  any  obstruction  to  the  passage  of  the 
gas,  which  is  simple  and  inexpensive.  He  terms  it  a  "  Safety  Pressure- 
Gauge,"  which  consists  of  a  small  bottle-shaped  vessel,  with  two  orifices,  one 
of  which  is  attached  to  the  glass  tube  forming  the  ordinary  pressure-gauge. 
•  To  the  other  of  these  orifices  is  attached  a  whistle,  in  such  manner,  that 
whenever  any  obstruction  or  excess  of  pressure  occurs,  a  loud  warning  is 
given.  Water  is  introduced  into  the  pressure  gauge,  which  communicates 
with  the  gas  apparatus,  on  which  the  pressure  is  reproduced,  and  all  the  va- 
riations of  pressure,  to  several  inches  of  water,  can  be  traced  ;  but  if 
greater  than  ordinary,  the  water  contained  in  the  pressure-gauge  is  forced 
into  the  bottle,  and  the  gas,  in  escaping  through  the  orifice,  acts  on  the 
whistle,  producing  a  sound  which  gives  notice  of  danger,  and  which  sound 
becomes  so  much  louder  as  the  pressure  increases,  thus  giving  sufficient 
timely  notice  to  avoid  danger. 

A  Novel  Steam  Engine. — Practical  Application  of  Water  in  the  Sphe- 
roidal State. — It  will  be  remembered  by  our  readers,  that  at  the  meeting  of 
the  British  Association  at  Cambridge,  a  considerable  sensation  was  produced 
by  M.  Bontigny,  who  brought  before  the  meeting  a  series  of  experiments  on 
•what  he  calls  the  spheroidal  state  of  water,  and  the  remarkable  phenomenon 
of  freezing  water  in  red-hot  crucibles,  under  the  influence  of  this  peculiar 
condition.  At  a  recent  meeting  of  the  Academy  of  Sciences  at  Paris,  M. 
Boutigny  announced,  that  by  the  persevering  efforts  of  a  young  engineer, 
M.  Testud  de  Beauregard,  a  steam-engine  bad  been  constructed,  which  was 
moved  by  the  vapour  of  water  in  its  spheroidal  state.  This  is  a  machine  of 
one-horse  power,  the  boiler  of  which  is  so  small  that  it  can  be  easily  carried 
in  the  pocket.  It  was  also  stated,  that  two  other  machines  were  in  progress, 
one  of  two,  and  the  other  of  four-horse  power ;  and  that  a  third,  of  four 
hundred  horse-power,  was  about  to  be  made  in  England.  From  a  commu- 
nication to  La  Presse,  we  learu  that  the  boiler  is  placed  in  a  bath  of  melted 
lead,  and  water  projected  in  small  quantities  at  a  time  upon  its  heated  sur- 
face. Tlie  spheroidal  state  is  produced,  and  although  the  temperature  of 
the  water  never  rises  above  190  degs.,  the  elastic  force  of  the  vapour  given 
off  is  found  to  be  very  far  superior  to  that  of  steam  in  its  ordinary  condi- 
tions; and  if  we  understand  the  somewhat  obscure  description  given,  a  por- 
tion  of  the  water  is  decomposed,  as  in  Professor  Grove's  beautiful  experi- 
ments, and  the  additional  force  of  the  gases  is  rendered  available.  We  may 
briefly  state,  for  the  benefit  of  those  who  may  not  be  familiar  with  Bou- 
tigny's  experiments,  that  if  water  is  projected  upon  a  metal-plate  heated  to 
dull  redness,  it  is  not  vaporised  at  once,  but  it  forms  itself  into  a  sphere, 
and  rolling  with  great  rapidity  over  the  heated  surface,  evaporates  with 
comparative  slowness.  This  is  the  spheroidal  state— a  remarkable  physical 
condition  is  produced,  in  which  eveu  the  ordinary  powers  of  chemical  affi- 
nity are  suspended,  but  the  vapour  of  which  appears  to  obey  other  laws 
than  those  of  steam.  We  may  therefore  hope  that  we  are  on  the  eve  of  a 
great  improvement  in  the  employment  of  heat  as  a  motive  power. —  [The 
above  French  invent  ion  h  not  new  in  England.  Patents  have  been  taken  out 
in   this  country  by  bmith,  Howard,  and   others. — Ed.  C.  E.  &  A.  Journal.] 


I.IST    OF    NE^V    PATBNTS. 

GRANTED    IN    ENGLAND    FROM    OCTOBER  26,    TO    NoVEMBEK  23,   1848. 

Sia?  Months  allowed  for  Enrolment^  unless  otheiivise  ejcpressed, 

Alfred  Vincent  Newton,  of  IG,  Chancery-lane,  mechanical  draughtsman,  for  "certain 
Improvements  in   the  manufacture  of  BLeel."— Sealed  Nov.  2. 

Charles  William  Kesaelmeyer,  of  Manchester,  warehouseman,  and  Thomas  Mellowdew. 
of  Olilham,  for  •' certain  Improvements  in  the  manufucture  of  velvets,  velveteens,  and 
other  similar  fabrics."— Nov.  2. 

Charles  Dawson,  of  Hardinge-street,  Islington,  professor  of  mOsic,  for  "certain  Im- 
provrnt^nts  in  musical  instruments,  and  in  apparatus  to  be  used  In  conoecLion  with  mu- 
sical instruments.*' — Nov.  2. 

Robert  Thom'^on  Pattison,  of  Glasgow,  printer,  for  "  an  Improved  preparation  or  mate- 
rial for  fixing  paint,  or  pigment  colours,  on  cotton,  linen,  woollen,  silk,  and  other  woven 
fabrics." — Nov.  2. 


James  Hart,  of  Bermondsey-square,  engineer,  for  "Improvements  In  machinery  for 
manuiatturing  brick,  sand,  and  tiles,  parts  of  which  machinery  are  applicable  to  mould- 
ing other  substances." — Nov.  2. 

William  Weitd,  of  RIanchester,  mechanical  draughtsman,  for  "certain  Improvements 
in  machinery  for  spinning  cotton  and  other  tJbrou3  substances." — Nov.  2 

Itichard  Bright,  of  Brutonstreet,  Middlesex,  lamp  manufacturer,  for  "  Improvements 
in  lamps,  wicks,  and  covers  for  vessels  for  holding  uii  and  other  tiit'ius.'* — Nov.  2. 

Robert  Walter  Winfield,  of  Birmingham,  manufacturer,  fur  "certain  improvements  in 
the  construction  and  manufacture  of  metallic  bedsteads,  couches,  and  sofas.'* — Nov.  2. 

John  Harris,  of  Richard's- terrace,  Rotlierliithe,  Surrey,  engineer,  for  "  a  mode  or  modes 
of  founding  type.  &c.,  and  of  casting  in  metal,  plaster,  and  certain  materials." — Nov.  2. 

James  Robertson,  of  Liverpool,  cooper,  for  "  a  mode  or  modes  of  consuming  smoke 
and  other  gaseous  products  arising  from  fuel  and  other  substances." — Nov,  2. 

Richard  Archibald  Brooman,  of  Pleet-street,  Loudon,  gentleman,  for  "certain  Im- 
provements in  the  manufacture  of  hinges,  and  the  machinery  or  apparatus  u»ed  therein." 
Nov.  2. 

William  Bullock  Tibbits,  of  Bramston,  Northampton,  gentleman,  for  "  Improvements 
in  obtaining,  applying,  and  controlling  motive  power,  parts  of  which  improvemeuls  are 
applicable  to  the  raising  and  lorcing  of  liquids."— Nov.  2. 

Francis  Gybbon  Spilsbury,  of  St.  John's  Wood,  gentleman,  for  "  Improvements  in 
paints  and  pigments." — Nov.  2. 

George  Arthur  Biddle,  of  Ipswich,  engineer,  for  "  Improvements  applicable  to  gas 
burners." — Nov.  2 

Meyer  Jacobs,  of  Spitalfields,  Middlesex, gentleman,  for  "certain  Improvements  In  the 
manutacture,  stamping,  and  treating  generally,  of  woven  fabrics  of  all  kinds.'' — Nov.  2. 

Thomas  John  Knowlys,  ot  Heysham  Tower,  near  Lancaster,  gentleman,  for  '*  Improve- 
ments in  the  ajiplication,  removal,  and  compression  of  atinijs,jheric  air." — Nov.  2. 

George  Henry  Bachhoffner,  of  the  Royal  Polytechnic  Institution,  London,  doctor  o  f 
philosophy,  professor  ol  natural  philosophy,  for  "  Improved  means  of  transmitting,  com- 
municating, or  conveying  intelligence."— Nov.  4. 

Joseph  Cooper,  of  Walworth,  tailor,  for  "  Improvements  in  fastenings  for  wearing  ap- 
parel."— Nov.  4. 

Charles  lies,  of  Birmingham,  machinist,  for  "  Improvements  in  the  manufacture  of 
certain  descriptions  of  dress  fastenings,  and  in  the  making  up  of  dress  iasteuiugs  and 
other  articles  for  sale.*'— Nov.    . 

Henry  Kempton,  of  Pentonville,  Middlesex,  gentleman,  for  "  Improvements  in  reflec- 
tors and  apparatus  for  artificial  lit^ht." — Nov.  7. 

Rloses  Poole,  of  the  patent  bill  office,  London,  gentleman,  for  "certain  Improvements 
in  machinery  for  making  nails."     (A  communicatiun.)— Nuv.  7. 

James  Napier,  of  Swansea,  operative  chemist,  for  "  Improvements  in  the  manufacture 
of  copper  and  other  metals,  and  alloys  ol  metals." — Nuv.  y. 

Richard  Goad,  of  Kennington,  Surrey,  chemist,  f-ir  "  Improvements  in  theconstniction 
of  blast  and  other  furnaces  and  fire-places." — Nov.  il. 

James  Anderson,  of  Abbotsford-place,  Glasgow,  starch  manufacturer,  for  "acertain 
Improved  mode  of  separating  the  ditferent  qualities  of  potatoes  and  other  vegetables." — 
Nov.  11. 

Alexander  Parkes  and  Henry  Parkes,  of  Birmingham,  fur  "  Improvements  in  the  ma- 
nufacture of  metals  and  alloys  of  metals,  and  in  the  treatment  ot  metallic  matters,  witli 
various  substances." — Nov.  11. 

John  Browne,  of  Osnabnrgh-street,  Middlesex,  gentleman,  for  "  Improvements  in  fire 
escapes,  and  in  apparatus  to  facilitate  persons  employed  in  cleaning  wmdows.'*— Nov.  II. 

Alexanfier  Balfour,  of  Dundee,  Scotland,  leather  merchant  and  manufacturer,  for  "  Im- 
provements in  apparatus  for  cutting  metal  washers  and  other  articks,  and  in  the  con- 
struction of  buffers." — Nov.  Iti. 

Samuel  Adams,  of  West  Bromwich,  StaflFord,  organist,  for  "  Improremeuts  in  mills  for 
grinding." — Nov.  16. 

William  Wilkinson,  of  Farrow,  near  Gateshead,  Durham,  coke  manufacturer,  for 
"  certain  ImprGvements  in  the  construction  of  coke  ovens,  and  in  the  machinery  or  ajipa- 
ratus  to  be  connected  therewith." — Nov.  Id. 

Thomas  Masters,  of  Regent-street,  for  "certain  Improvements  in  apparatus  for  making 
aerated  waters,  and  in  apparatus  for  charging  bottles  and  oUier  vessels  with  gaseous 
fluid  i  also  improvements  in  bottles  and  other  vessels,  anrl  in  apparatus  for  drawing  off 
liquids;  in  securing  corks  or  stoppers  in  butties  or  other  vessels,  and  in  taps  and  vent 
pegs." — Nov.  ly. 

Thomas  Cullen,  of  the  city  of  London,  gentleman,  for  "Improvements  in  apparatus 
for  steering  ships  and  other  vessels." — Nov.  18. 

John  Juckes,  of  Rosamond-cottage,  Fulham,  gentleman,  for  "Improvements  in  fur- 
naces  and  lire-places." — Nuv.  IS. 

Alexander  McDougal,  of  Longsight,  Manchester,  chemist,  and  Henry  Rawson,  of  Man* 
Chester,  agent,  for  "  Improvements  in  the  manufacture  of  sulphuric  acid,  nitric  acid, 
oxalic  acid,  chlorine,  and  sulphur.*'— Nov.  21. 

John  Oliver  York,  of  24,  Rue  de  la  Maideleiue,  Paris,  engraver,  for  "  Improvements  in 
tho  manufacture  of  metallic  tubes." — Nov.  21. 

William  Hood  Clement,  of  Philadelphiji,  for  "certain  improvements  in  the  ma"ufac- 
ture  of  sufjar,  part  of  which  improvements  are  applicable  to  evaporation  generally;  also 
improved  apparatus  for  preparing  the  cane  trash  to  be  uswd  as  fuel." — Nov.  21, 

Henry  Nevvsou,  of  Smethwick,  near  Birmingham,  for  "  Improvements  in  trusses." — 
Nov.  2X 

Hugh  Bell,  of  London,  gentleman,  for  "certain  Improvements  in  aerial  machines,  and 
maebinery  in  connection  with  the  buoyant  power  produced  by  gaseous  matter."— Nov.  2H 

Christian  Schiele,  ol  Manchester,  mechanician,  for  "  certain  Impiovements  in  the 
construction  of  cocks  or  valves,  which  im  provements  are  also  applicable  for  reducing  the 
friction  of  axles,  journals,  bearings,  or  other  rubbing  surfaces  in  machinery  in  general  '* 
Nov.  23. 

Peter  Llewellin,  of  Bristol,  brass  and  copper  manufacturer,  and  John  Hammons,  of  the 
same  place,  bra-s-fnunder,  for  "  Improvements  in  the  manufacture  of  cocks  or  valves  ft>r 
drawing  oli"  liquids." — Nov.  23. 

Henry  Archer,  of  Great  George-street,  Westminster,  gentleman,  for  "  Improvements 
in  facilitating  the  division  of  sheets  or  pieces  of  paper,  parchment,  or  other  similar  sub- 
stances."— Nov.  TA. 

Frederick  Bramvvell,  of  Mill-wall,  Poplar,  engineer,  and  Samuel  Collet  Honiffrsham,  of 
the  Adelphi,  gentleman,  for  "  Improvements  in  feeding  furnacts  with  fuel." — Nov.  2'i. 
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Ablon's  pat.  engine-furnaces,  372 

Academy,  royal,  exhibition,  183,  195,  218,  228, 
326 

Accidents  in  coal  mines,  prevention  of,  127 
„        on  railways,  prevention  of,  31 

Adams's  branch  passenger  locomotive 

Adie's  signal  balls,  C2 

Aerial  navigation,  223 

Affons'j,  Brazilian  nar-steamer,  317 

Agricultural  traffic  on  railways,  336 

Air  and  water  of  towns.  Dr.  Smith  on,  311 

Air-pump  and  atmospheric  railway  (rev.),  26 

Air-tight  granaries,  42 

Alarum  for  railways — Allen's,  30  ;  Baird's,  318  ; 
Brett  and  Little's,  30;  Brother's,  30;  Dutton's, 
30 ;  Hoare's,  30  ;  M'Coll's,  32 ;  Moflalt's,  32 ; 
Tattersall's,  191 

Alban's  high-pressure  steam-engine  (rev.),  211 

Algiers,  iron  ore  in,  191 

Alleged  steam  propulsion  in  1543,  319 

Allen's  railway  alarum,  30 

Amalgamation  of  railway  companies,  373 

American  lakes,  319 

American  plough,  Slocum's,  31 

Analysis  of  phosphates,  192 

„  wrought-iron  produced  by  cementa- 

tion from  cast-irou,  315 

Ancient  and  modern  art,  by  G.  Cleghorn  (rev.),  73 
„  book-binding,  Cundall  on,  29 

„  enamel,  Wyatt  on,  156 

Ancient  Buddhist  architecture,  J.  Fergusson  on, 124 

Ancient  Greek  vases.  Dr.  Harding  on,  90,  91 

Ancient  pottery,  Dwyer  on,  91 

Anemometrical  researches,  by  Prof,  Phillips,  310 

Angell's,  Mr.,  conversazione,  186 

Annealing  glass  tubes,  127 

Ansted's  geological  lectures,27 

Antimony,  manufacture  of  white  paint  from,  128 

Antiquarian  and  genealogist's  companion  (rev.), 
27 

Apparatus  for  supplying  boilers  with  water,  179 

Application  of  sculpture  to  architecture,  by  H,  B. 
Garling,  201 

Application  of  steam-power  to  mills,  Hastie's  pat., 
115 

Arch  at  Buckingham-palace,  7 

Arch  bridge,  Cowper's  inverted,  8 

Arched  timber  viaducts.  Green's,  33 

Archer,  on  monumental  brasses,  30 

Arches,  Snell  on  the  stability  of,  132 

Architects,   Royal  Institution  of  British,  29,  60, 
89,124,150,186,221,380 


Architectural  benevolent  fund,  186 
Architectural  knowledge,  Society  for  publication 

of,  137,  326 
Architecture,  ancient  Buddhist,  121 
Architecture  and  painting,  165 
Architecture  and  the  "Art- Journal,"  218 
Architecture,  application  of  sculpture  to,  201 
Architecture  at  the  Royal  Academy,  163,  195, 

218,  228,  327 
Architecture,  Greek,  Penrose  on,  150 
Architecture,  letters  on  Elmes's  history  of,  8, 58, 65 
Architecture,  Griffiths  on  natural  system  of,  91 
Architecture,  pointed,  Gwilt  on,  29 
Architecture,  history  of,  Tuthill  (rev.),  377 
Arch,  oblique,  Bashforth  on,  4 
Art,ancient  and  Modern, by  G.CIeghorn(rev.),  73 
Art,  occasional  notes  upon,  F.  Lush,  356 
Artificial  fuel,  Azulay's  pat.,  52 

,,        stone,  Ransome  on,  61,  90 
"  Art-Journal"  v.  Architecture,  218 
Art  of  enamel,  ancient  and  modern,  156 
Arts,  decorative,  Wallace's  pat.,  303 
Arts,  London  Society  of,  29,  61,  90,  156 
Arts  manufacture  exhibition,  101,  380 
Arts,  Scottish  Society  of,  31 ,  62,  91, 125, 148,  153, 

184 
Art-Union  distribution,  160 
Ashbury's  pat.  wheels,  369 
Assistant-engineer's  railway  guide  (rev.),  213 
Atmospheric  air,  dilatation  of,  238 
„  jets,  velocity  of  110 

„  railway  and  air-pump  (rev.),  26 

„  low-pressure,  248 

„  new,  294 

„  valves,  Fronde's  pat.,  248 

Atmospheric    pile-driving  machine,  Clarke  and 

Varley's,  311 
Atmospheric  waves,  Birt  on,  311 
Attwood's  pat.  iron  manufacture,  371 
Austria,  mineral  produce  of,  190 
Authorship  of  "  Letters  of  Junius  "  (rev.),  213 
Auxiliary  steam-power  for  vessels,  126 
Axle-boxes  and  journals,  Normanville's  pat.,  369 
Axle-guards  and  buffers,  De  Bergue's  pat.,  247 
Axles,  railway  carriage,  Berger's  pat.,  46 
Azulay's  pat.  artificial  fuel,  53 

Bacon  and  Dixon's  pat.  steam-engine,  111 
Baine's  electro-magnetic  musical  instruments,  192 
Baird's  railway  alarum,  318 
Baker's  pat.  steam-boiler  furnaces,  247 
Baker's  railway  engineering  (rev.),  74 


Bakewell's  copying  electric  telegraph,  191,  317 
Balance  bridge,  Sadler's  pat.,  75 
Balancing  of  wheels,  222 
Balloon,  improved  Archiraedian,  223 
Banks's  pat.  steel  tyres,  184 
Bann  reservoirs,  Bateman  on,  185 
Baptist  chapel,  Bloomsbury,  129 
Barber's  pat.  paddle-wheels,  168 
Bar-iron,  Russell's  pat.,  286 
Barlow's  pat.  railway  keys,  304 
Baron  de  Goldsmid's  house,  190 
Bashforth  on  oblique  arch,  4 
Bashforth  on  laying  out  widths  of  land  for  rail- 
ways, 327 
Bashforth's  earthwork  tables  (rev.),  296 

„         machine  for  forming  teeth  of  wheels, 
182 
Baleman  on  the  Bann  reservoirs,  18S 
Bateman's  pat.  valves  and  plugs,  286 
Batlersea,  new  park  at,  320 
Beams  or  girders,  deflection  and  strain  of,  258 

Fielder's  pat.,  189 
Beauland's,  on  setting  out  railway  junctions,  124 
Beauty,  symmetrical.  Hay  on,  31 

„  Purdie  on  the  fallacy  of,  148 

Beche,  De  la,  on  geology  of  South  Wales,  313 
Beechey,  on  the  tides  of  the  English  and  Irish 
channels,  147 

Bennett,  on  Irish  flax,  31 

Benson,  on    relative  position    of  coal  in  South. 
Wales,  313 

Berger's  pat.  railway  carriage  axles,  46 

Bergue's  pat.  axle-guards  and  buffers,  247 

Beyer's  cylinder-boring  machine,  88, 182 

Birkenhead  docks,  318 

Birkenhead  port  and  docks  (rev.),  68 

Birkrayre's  pat.  for  smelting  ores,  215 

Birt,  on  atmospheric  waves,  31 1 

Blackburn  new  market-house,  96 

Black's  pat.  steam-boilers,  304 

Blackwall  extension  railway,  300 

Blackwall  railway  machinery,  83 

Blast  furnace,  accident  to,  359 

Blasting  rocks,  288 

Blewitt's  pat.  manufacture  of  iron,  46 

Bloomsbury  baptist  chapel,  129 

Blowing-machines  and  furnaces,  Lloyd's  pat.,  34$ 

Boiler  and  condenser,  Craddock's  pat.,  182 

Boiler  furnaces.  Baker's  pat.,  247 

Boilers  and  engines,  Exall's  pat.,  342 

Boilers,  apparatus  for  supply  of  water  to,  179 

Boilers,  high-pressure,  Smith  on,  283 


Boilers,  marine,  Dundouald's  pat.,  286 

Boilers,  steam,  Black's  pat.,  304 

Bone-crushing  machine,  283 

Bookbinding,  ancient  and  modern,  Cundall  on,  29 

Boppart,  gothic  window  at,  129 

JJoring  and  sinking,  Card's  pat.,  170 

ftowstring  girder-bridges,  1,  200 

Brandreth,  Lt.-col.,  death  of,  96 

Brasses,  monumental,  Archer  on,  30 

Brazilian  war-steamer,  Affonsv,  317 

Break  and  engines,  Taylor's  pat.,  76 

Break,  Chaplin's  pat.,  114;  Heath's,  304  ;  Hep- 
burn's, 32  ;  Laignet's  triple,  92  ;  Lister's,  304 

Breakwater  in  Plymouth  sound  (rev.),  121 

Brees's  railway  practice  (rev.),  57 

Brett  and  Little's  railway  communicator,  30 

Briant  on  overcoming  break  of  gauge,  30 

Brick  and  tile  traffic  on  railways  333 

Bridge  at  Saltash.  for  the  Cornwall  railway,  96 

Bridge,  balance,  Sadler's  pat.,  75 

Bridge,  bowstring  tubular,  1,300 

Bridge-building,  improvements  in,  318 

Bridge,  Clifton  suspension,  3l8 

Bridge,  Conway  tubular,  95, 126,  154,  161,  318, 
351 

Bridge,  Cowper's  inverted  arch,  8 

Bridge,  Graiuger's  cast-iron  skew,  62 

Bridge,  Huugerford  suspension,  3,  292 

Bridge,  overarch  suspension,  Milne's,  32 

Bridge  over  the  Wye,  127 

Bridge,  suspension,  at  the  falls  of  Niagara,  199 
288 

Bridges,  Buchanan  on  strength  of,  125,  153 

Bridges,  Clark,  on  wing  walls  of,  43 

Bridges,  construction  of,  Moulton's  pat.,  23 

Bridges,  on  the  most  ecoDomical  forms  of  sus- 
pension, 2 

Bristol,  sewage  and  drainage  of,  90 

Britain,  alteration  of  outline  of  coast,  186 

British  architects,  royal  institution  of,  29,  00,  89, 
124,150,186,221,380 
„       association,  proceedings  of,  284,  308 

British  isles,  hydrographic  map  of,  315 

Brittern's  pat.,  heating,  lighting,  and  ventilating, 
370 

Britton,  on  "  Letters  of  Junius"  (rev.),  315 

Broad  and  narrow  gauge,  Briant  on  uniting,  30 

Broad  gauge,  litigation  on,  96 

Brockedon's  pat.  india-rubber  joints,  380 

Bronzing  metal  surfaces,  Salzedes  pat.,  169 

Bronzing  of  metals  by  electricity,  127 

Brown,  on  Irish  wants  and  remedies  (rev.),  214 

Brown's  improvement  in  compass,  381 

Bruce's  antiquarian  and  genealogist's  companion 
(rev.),  27 

Brunton's  pat.  for  dressing  ores,  214 

Brussels  lace,  32 

Bryson's  lubricant  for  machinery,  155 

Buchanan,  on  strength  of  materials,  125,  153 

Buchanan's  marine  hydrometer,  91 

Buckingham-palace,  7.  36,  257 

Buckle,  on  the  fan  blast,  18 

,,      on  bone-crushing  machine,  283 

Buddhist  architecture,  Fergusson  on,  124 

Buft'er,  Be  Bergue's  pat.,  247 
„      Cheshire's  safety,  184 

Buflers,  effects  of,  197,  292 

Builders'  foremen,  institution  of,  96 

Building  traffic  on  railways,  334 

Buildings  in  towns,  regulation  of  (rev.),  27,  55 

Bunnell's  pat.  sewer  trap,  25 

Burgess,  on  theatres  of  ancient  Rome,  233 

Cai!n,  its  quarries  and  buildings,  89 

Caen  stone,  Donaldson  on,  94 

Cambrian  engine,  380 

Candidus,  on  the  rival  palaces,  36 

Candidus's  note-book,  5,  41,  65,  97, 130, 162,193, 

220,257,290,321,354 
Carbonic-acid-gas  engine,  178 
Carbonising  wood  by  high-pressure  steam,  320 
Carlton-club  designs,  127 
Carriages,  railway,  collision  of,  197, 292 

„  Dunn's  pat.,  169 

Carriage  traffic  on  railways,  307 
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Carriage-wheels,  railway,  Evans's  pat.,  189 

Carrying  stock,  Loudon  and  North-Western  Rail- 
way, 367 

Caserta,  palace  at,  7,  36 

Casks  or  vats,  nose-cock  for,  185 

Cast  and   wrought-iroa  bridges,  Buchanan   on, 

125, 153 
Casting  wrought-iron,  Rocke'spat.,  216 
Cathedral  at  Florence,  29 

„        of  LlandafT,  Wyatt  on,  141 
„         St.  George's,  290 

Cattle  traffic  on  railways,  243 

Cement,  experiments  on,  294 

Cement,  newly  discovered,  319 

Central    railway  station,  Newcastle-upon-Tyne, 
353 

Centre-vent  reaction  water-wheel,  110,  171 

Centrifugal  force,  eliect  of,  261 

Chance's  pat.  reverberatory  furnace,  304 

Channel,  English,  floating  tunnel  across,  218 

Channels,  English  and  Irish,  on  the  tides  of,  147 

Chapels,  new,  255 

Chaplin's  pat.  railway  break,  114 

Chapman,  on  gothic  window  at  Boppart,  129 

Chat-moss,  drainage  of,  315 

Chemical  and  electrical  forces,  Faraday  on,  219 

Chemical  character  of  steel,  314 

Chemical  principles  of  geology,  Daubeny  on,  146 

Chemistry  of  the  sea,  160 

Chesshire's  safety-buffer,  184 

Chloroform,  a  substitute  for  steam,  191 
„  solvent  power  of,  188 

Chrimes'  pat.  firecock,  107 

Church,  new,  South  Hackney,  255 

Circular  sawing,  318 

Cisterns,  stop  cock  for,  185 

Civil  engineers'  college.  Putney,  192,  256 

Civil  engineers'  institution,  61,  90, 122, 155,  185, 
221,  283 
„  at  the  Hague,  127 

„  Irish,  63 

Civil  and  military  surveyors,  198,255 

Clamps,  jointing,  Kimberley's  pat.,  373 

Clarke  and  Varley's  pile-driving  machine,  341 

Clarke's  railway  statistics,  241,  268,  333, 366 

Clark,  on  cross-sections  of  railways,  67,  137 
„      on  embankments  for  reservoirs,  197 
„       on  isometrical  perspective,  294 
„      on  level  of  distant  objects,  230,  264 
„       on  wing-walls  of  bridges,  43 

Clegg's  pat.  gas  meters,  368 

Cleghorn's  ancient  and  modern  art  (rev.),  73 

Clifton  suspension  bridge,  318 

Clock  registering  machine.  Sharp's,  63 

Coad's  pt.  for  combustion  of  fuel,  216 

Coal  beds  in  South  Wales,  313 

Coal  bed  on  fire,  320 

Coal  drops  at  Bliddlesbro'  docks,  105 

Coal  formation,  fossil  footmarks  in,  86 

Coal  gas,  Hoffman  on  composition  of,  157 

Coal  mines,  prevention  of  accidents  in,  127 

Coal,  report  of  experiments  on,  273 

Coal  traffic  on  railways,  208 

Coast  levels,  Portlock  on,  314 

Coast  of  Great  Britain,  alteration  of  outline,  180 

Coffeepot,  Waller's  pal.,  115 

Coflerdam,  portable,  Stevenson's,  02,  231 

Coinage,  observations  on,  315 

Coke  ovens,  Blichaut's  pat.,  246 

Coke  traffic  on  Railways,  270 

Cole's  pat.  high-pressure  steam-engine,  342 

Coleraine,  removal  of  a  mill  at,  63 

College  for  engineers  at  Putney,  192,  256 

Collision  of  trains,  196,  292 

Colonial  railways,  96 

Colonial  surveying,  AVhiteheadon  (rev.),  140 

Colouring  and  preserving  wood,  Renard's  pat.,  143 

Commission  of  sewers,  32,  39 

Compass,  Brown's  improvement  in,  381 

Composite  ellipse.  Hay  on,  185 

Composition  of  coal  gas,  Hoffmann  on,  157 

Compound  beams  or  girders.  Fielder's  pat.,  189 

Condenser  and  boiler,  Craddock's  182 

Condenser,  dry,  Price's  284 

Condenser,  Schiele's  pat.,  114 


Construction  of  bridges,  Moulton's  pat.,  23 

„  Greek  architecture,  Penrose,  ISO 

Consuming  smoke,  Kyan's  pat.,  113 
Contributions  to  railway  statistics,  241,  268,  333, 

366 
Conversazione,  Mr.  Angell's,  186  ;   Mr.  Field's. 

221 
Conway  tubular  bridge,  95, 126, 154,161,  318,351 
Cooper's  glass-blowing  apparatus,  92 
Copper  ores,  Rivot's  smelling  process,  347 
Copper  sheathing,  256 
Copper  smelling  furnace,  estimate  of  cost,  340 

„  in  Norway,  320 

Copper  traffic  on  railways,  270 
Copying  electric  telegraph,  191,  317 
Council  of  health  of  Paris,  345 
Coupling-irons,  Pratt's  pal.,  372 
Cousens,  Mr.,  charge  of  extortion  against,  255 
Cowper's  inverted  arch  bridge,  8 
Cox,  on  study  of  mechanics,  223 
Cox,  on  suspension-bridges,  2 
Cox's  notes  on  engineering,  2,  199,  258,  292 
Craddock's  boiler  and  condenser,  182 
Craddock,on  workingexpansive  steam-valves,  141 
Crampton's  pat.  locomotive-engine,  48 
Crane's  improvement  in  railways,  32 
Cresy's  evidence  before  sanitary  commissioners, 

59,81,115 
Cundall,  on  book-binding,  29 
Cutler's  pat.  iron-tubes,  248 
Cylinder- boring  machine,  Beyer's,  88, 182 

Dagcerreotype  CAMERA,  plate-holder  for,  155 
„  plates,  223 

„  effects  of  light  on,  248 

Daubeney,  on  geological  chemistry,  146 
Davidson's  elevator  and  fire  escape,  92 
Davies's  pat.  rotary  steam-engine,  370 
Decomposing  power  of  water  181 
Decorative  arts,  ^t'allace'spat.,  303 
Decoration,  lectures  ou,  at  school  of  design,  96 
Decoration,  polygonar,  91 
Dee  viaduct,  317 
Deflection  or  vibration  gauge,  1 
Denne's  pat.  lubricating  composition,  169 
Designs  for  Carlton  club  house,  127 

„         schools  and  schoolhouses  (rev-),  57 
Design,  government  school  of,  96 
Diamagnetic  condition  of  flame  and  gases,  187 
Diamond,  conversion  of,  into  coke,  287 
Diaphragm  double  sewer,  Moffatl's  pat.,  372 
Dinting  vale  viaduct,  by  A.  S.  Jee,  35 
Dissertation  on  torrents,  by  Guglielmini,  59 
Dividends,  railway,  90 
Divining  rod.  Penny  on,  224 
Docks  and  port  of  Birkenhead  (rev.),  68 
Docks,   Birkenhead,  318;    Grimsby,  318;  Mid- 
dlesbro',  105;  Plymouth,  318  ;  Sunderland,  288 
Docks,  on  the  entrances  to,  by  J.  Redman,  123 
Dog  traffic  on  railways,  367 
Donaldson,  Prof.,  on  caen  stone,  94 
Dotting  electric  telegraph,  256 
Douche's  pat.  application  of  heat,  303 
Doull,  on  railways  and  railway  legislation  72 
Dover  refuge  harbour,  287 
Drainage  and  sewage  of  Bristol,  J.  Green  on,  90 
Drainage  of  part  of  chat-moss,  315 

„         Niagara  river,  191 

„  marshes  by  steam,  301 

Drain-tiles,  new  trenches  for,  320 
Dry  condenser.  Price's,  284 
Dublin  terminus,  fall  of  roof,  63 
Dundonald,  Earl  of,  pat.  steam-boiler,  286 
Dunn's  pat.  railway-wheels  and  jacks,  169 
Dutlon's  railway  communicator,  30 
Duty  on  timber,  160 
Dwyer,  on  ancient  pottery,  91 
Dyer,  Charles,  death  of,  90 
Dyer's  tincloria,  on  the  cultivation  of,  31 

Earthwork  tables,  Baker's  (rev.),  74 

„  Bashforth's  (rev.),  296 

„  Cox's,  199 

„  Sibley  and  Rutherford's,  (rev.) , 

27 


Earthenware  piping,  381 

Economising  fuel,  in  gas-works,  155 

Elasticity,  defect  of,  263 

Electrical  and  chemical  forces,  Faraday  on,  219 

Electricity,  lighting  by,  Staite's  pat.,  49 

,,        of  mineral  veins,  189 
Electric  light,  Le  Mott's,  379 
Electric  telegraphs,  9,  217 

„  (rev.),  176 

Electric  telegraph  company,  9G 

,,  copying,  191,  317 

„  dotting,  256 

„  employed  by  publicans,  127 

„  Holmes's  improvements  in,  224 

„  Hydraulic,  127 

Electro-bronzing  of  raetals,  127 
Elevator  for  raising  building  materials,  David- 
son's, 92 
Elevator,  railway,  Fothergill's,  3S0 
Elmes,  Harvey,  death  of,  61, 64 
Elmes's  history  of  architecture,  letters  on,  8,58,65 
Embankment  for  reservoirs  of  waterworks,  197 

„  widths  of,  Bashforth  on  laying-out, 

327 
Enamel,  art  of  ancient  and  modern,  156 
Engine  and  breaks,  Taylor's  pat.,  76 
„        boilers,  Exall's  pat.,  342 
„        carriages,  Taylor's  pat.,  23 
,,  „  Pearson's  pat.,  167 

„         propellers,  Maudslay's  pat.,  305 
,,         trains,  Samuel's,  223 
Engine,  Bacon  and  Dixon's  pat.,  Ill 
„      counter,  Richmond's,  61 
,,      Crampton's  pat.  locomotive,  48 
Engine  furnaces,  blast  of,  Ablon's  pat.,  372 
„     governors,  255 

„    Gustafsson's  vibratory  piston-rod,  24 
„     high-pressure,  Alban  (rev.),  211 
„    hydraulic  pressure,  Glyn's,  314 
„    propelled  by  carbonic-acid-gas,  178 
„    Heaton's  pat.,  189 
„     Ritchie's  pat.,  306 
„     rotary,  fallacies  of,  284 

„  Wilson's  pat-,  285 

„     steam,  Regnault's  theory,  236,  268,  338 

„  Sienien's  pat.  249 

„     AVicksteed's,  104 
Engineer's,  civil  College,  Putney,  195,  240 

„  institutionof,  01,  90,  122,  155, 

185,221 
„  Irish  institution  of,  63 

„  institution  at  the  Hague,  127 

„  of    mechanical,    87,    182, 

221,  283 
„  railway  guide,  HaskoU  (rev.),  213 

Engineering,  notes  on.  No.  VIII.,  2  ;    IX.,  199  ; 
X.,  258;  XI.,  292 

„         of  the  Rhine  and  Moselle,  155 
„         railway.  Baker  on  (rev.),  74 
English  and  Irish  channels,  on  the  tides  of,  147 
„       patents,  new,  lists  of,  32,  64, 96, 128, 160, 
192, 224,  256,  288, 320, 352,  382 
Entrances  to  docks,  Redman  on,  123 
Ericsson,  on  supply  of  water  to  steam-engine 

boilers,  179 
Erskine's  cocks  for  cisterns  and  casks,  185 
Essay  on  the  air-pump  and  atmospheric  railway 

(rev.),  W.  Turnbull,  26 
Ether,  a  substitute  for  steam,  191 
Evans's  pat.  railway  carriage  wheels,  189 
Evaporation,  Black's  pat.  for,  304 
Exall's  pat.  steam-boilers  and  engines,  342 
Exhibition,  Royal  Academy,  163,  195,  218,  228, 
326 

„  Society  of  Arts,  101 

Expansive  and  high-pressure  steam-engine.  Cole's 
ptt,  342 
„        rotary  steam-engine,  Wilson's  pat.,  285 
„        steam-valves,  improved  mode  of  vrork'- 

ing,  141 
„        working  of  steam,  158 
Experiments  on  coals,  273 

„  cements,  294 

Explosions  of  steam-boilers,  Wilder  (rev.),  178 
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Explosions  in  steam-engines,  prevention  of,  381 
Export  and  import  of  metals,  198 
E.tpress,  steam-boat,  launch  of,  319 
Extension  of  south-western  railway,  254 
Extinguishing  fires  at  sea,  mode  of,  318 
Extraction  of  silver  from  its  ores,  Perry  on,  315 
E.\traction  of  gold,  new  method,  381 

Fall  of  rain,  Homersham  on,  449 

Fan-blast,  Buckle  on,  19 

Faraday,  on  chemical  and  electrical  forces,  219 
„  diamagnetic  condition  of  flame  and 

gases,  187 

Fenwick's  vibration  or  deflection  gauge,  1 

Fergusson,  on  ancient  Buddhist  architecture,  124 

Fielder's  pat.  beams  or  girders,  189 

Field's,  (Mr.)  conversazione,  221 

Findley,  on  lighthouses,  61 

Fires  at  sea,  mode  of  extinguishing,  318 

Fire-cock,  Chrime's  pat.  107 

Fire,  curious  phenomena  of,  127 

Fire-escape  and  elevator,  Davidson's,  92 

Fire-proof  buildings,  357 

Fire-proof  wood,  Payne's  pat.  287 

Fishes,  effects  of  weight  of  water  upon,  160 

Fish  traffic  on  railways,  334 

Flame  and  gases,  diamagnetic  condition  of,  187 

Flax  (Irish)  Bennett,  on  the  growth  of,  31 

Flaxman's  works,  96 

Fletcher's  pat.  for  silvering  speculums,  115 

Floating  bodies,  on  the  stability  of,  357 

Floating  tunnel  across  the  channel,  218 

Florence  cathedral,  29 

Fluids  (elastic)  dilatation  of,  213 
"      resistance  to  bodies  in,  106 

Fontainemoreau's  pat.  tubes,  216 

Fossil  footmarks  in  the  coal  formation,  86 

Foreland  lighthouses,  319 

Fothergill's  jacquard  perforating-machine,  88, 225 

Fothergill's  railway  elevator,  380 

Fox's  (Dr.),  fire-proof  buildings, 

France,  steam-power  of,  352 

French  railways  and  French  revolutions,  119 

Friction-hammer,  Jones's,  128 

Froude's  pat.  atmospheric  railway-valves,  248 

Fuel,  Azulay's  pat.,  artificial,  52 

Fuel,  combustion  of,  216 

Fuel,  economy  of,  Douche's  pat.,  303 

Fuel  in  gas-works,  Kemp,  on  economising,  155 

Furnaces  and  blowing-machines,  Lloyd's  pat.,  343 
„        application  of  healed  gases  from,  284 
„        reverberatory.  Chance's  pat.,  304 
„        steam-boiler,  Baker's  pat.,  247 

Fyfe,  on  value  of  gases,  184 

Gallery,  National,  97,  291 

Gard's  pat.  bor  boring  and  sinking,  170 

Garling,  on  the  application  of  sculpture  to  archi- 
tecture, 201 

Gas  apparatus,  Watson's  pat.  self-acting,  342 

Gas  and  flame,  on  the  diamagnetic  conditioB  of, 
187 

Gases,  density  of,  265 

Gases,  Fjfe,  on  the  value  of,  184 

Gases,  heated,  application  of,  284 

Gas  from  water,  293 

Gas  improvements.  Palmer's  pat.,  25 
„    meters,  Clegg's  pat.,  368 

Gas  motive-power,  128 

Gas,  purifying  with  sulphate  of  iron,  128 

Gas-stove,  Brockedon's  pat.,  143 

Gas,  Taylor,  on  the  purity  of,  89 

Gas  thermometers,  Regnault  on,  339 

Gas-works,  economising  fuel  in,  155 

Gas-works,  natures,  288 

Gas-works,  safety  pressure-gauge,  382 

Gauge,  broad  and   narrow,   Bryant's  plan  for 
uniting,  30 

Gauge  for  steam-boilers,  Newton's  pat.,  98 

Gauge  question,  compromise  of,  223 

Gauge  question,  litigation  on,  96 

Genealogist  and  antiquarian's  companion,  by  W. 
Bruce  (rev.),  27 

Geological  chemistry.  Prof.  Danbeny  on,  146 


Geological  discovery,  352 

Geological  lectures,  by  Prof.  Ansted,  27 

Geology  of  South  Wales,  313 

Geometry  for  the  million,  Tate's  (rev.),  138 

Geometrical  lines  and  optical  corrections  of  the 
Greek  architects,  150 

Georges  (St.)  cathedral,  2W 

Gilbert's  pat.  sack-holder.  111 

Girders  or  beams,  deflection  and  strain  of,  258 

Girders  or  beams,  Fielder's  pat.,  189 

Girders,  wrought-iron  bowstring,  1,  200 

Gladstone's  iron  lever  bridge,  380 

Glass-blowing  apparatus.  Cooper's,  92 

Glass,  Chance's  pat.  improvements,  304 

Glass  painting,  by  M.  de  Ron,  30 

Glass  perforating,  Lockhead's  pat.,  307 

Glass,  plate,  Hartley's  pat.,  144 

Glass,  plate,  trade,  316 

Glass  tubes,  on  annealing,  127 

Glyn,  on  draining  marshes  by  steam,  301 

Glyn,  on  hydraulic-pressure  engines,  314 

Goldsmid's  (Baron  de)  house,  190 

Gold,  new  method  of  extracting,  381 

Gooch,  on  resistance  to  railway  trains,  155,  185 

Good's  traffic  on  railways,  366 

Gothic  window  at  Boppart,  on  the  Rhine,  129 

Governors,  steam-engine,  255 

Grainger's  cast-iron  skew-bridge,  (i2 

Grain  traffic  on  railways,  335 

Granaries,  air-tight,  42 

Grandi,  on  the  motion  of  water,  81 

Granite,  extraordinary  block  of,  381 

Great  Britain  steamer,  sale  of,  320 

Great-we«tern  docks,  Plymouth,  318 

Greek    architecture,  Penrose,  on  the  peculiari- 
ties of,  150 

Greek  vases,  Dr.  Harding  on,  90,  91 

Green's  arched  timber  viaducts,  33 

Green,  on  the  sewage  and  drainage  of  Bristol,  90 

Green  sand  formation,  phosphates  in,  191 

Gregory's  mathematics  (rev.),  209,  249 

Gresliani  professorship,  286 

Grifliths,  on  the  natural  system  of  architecture, 
91 

Grimsby  docks,  318 

Guano,  mineral,  285 

Guglielmini  on  torrents,  59 

Guide  to  the   regulation  of  buildings  in  towns 
(rev.),  27,  55 

Gun  metal,  testing  of,  381 

Gustafsson's  vibrating  piston-rod  engine,  24 

Gutta  percha  boats,  319 

Gwilt,  on  pointed  architecture,  29 

Gypsum,  indurated,  288 

Hackney,  (south)  church,  255 

Hague,  institution  of  civil  engineers  at  the,  127 

Haigh's  pat.  for  measuring  water,  371 

Hammer,  Jones's  friction,  128 

Hammer,  steam,  Nasmyth's  pat.,  302 

Hann's  theoretical  and  practical  mechanics  (rev.), 

375 
Harbour,  Dover,  287 

Harbours  of  refuge.  Earl  Lovelace  on,  222 
Harbours,  on  shoals  at  the  entrances  of,  186 
Harding,  on  greek  vases  near  Hexamili,  90, 91 
Harding,  on  progress  of  the  railway  system,  308 
Harlow's  atmospheric  railway,  224 
Harmonic  ratios,  Purdie  on  the  fallacy  of  Hay's 

theory,  148 
Harmony  of  form,  Hay  on,  150,  185 
Harrison,  on  the  coast  of  Great  Britain,  186 
Harrison's  wrought-iron  tabular  bow-bridge,  1 
Hartley's  patent  plate-glass,  144 
HaskoU's    assistant    engineer's    railway    guide 

(rev.),  213 
Hastie's  pat.,  application  of  steam-power  to  mills, 

115 
Hay,  on  symmetrical  beauty,  31 
Hay's  theory  of  symmetrical  beauty,  Purdie,  on 

the  fallacy  of,  148 
Hay,  on  the  harmony  of  form,  150, 185 
Health  of  towns  bill,  120 
Health  of  towns  commission,  30 


Health  of  towns,  Dr.  Smith  od,  311 

Health   of   towns,  the  government  and  the  pro- 
fession, 17 

Heath's  pat.  railway-break,  304 

Heating,  lighting,  and  ventilating,  Briltern's  pat., 
370 

Heatou's  pat.  locomotive-engines,  189 

Height  of  waves,  Captain  Stanley  oo,  310 

HenwooU's  pat.  for  steering  vessels,  47 

Hepburn,  on  the  prevention  of  accidents  on  rail- 
ways, 31 

Hepburn's  railway-break,  32 

Heppell,  on  resistance  to  bodies  in  fluids,  106 

High-pressure  boilers,  Smith  on,  283 

High-pressure  steam  for  carbonising  wood,  320 
„  generator.  Lean's,  360 

High-pressure  and  expansive  engines.  Cole's  pat., 
342 

Hints  to  planters,  03 

History  of  architecture,  letters  on  Mr.  Elnies's, 
8,  58,  65 

Hoare's  railway  telegraph  and  alarum,  30 

Holfnian,  on  the  composition  of  coal  gas,  157 

Holmes's  electric  telegraph,  224 

Holyhead  steam-packet,  Ueii-elbjn,  190 

Homersham,  ou  tlie  fall  of  rain,  349 

Homersham,  on  supply  of  v.ater  to  Manchester, 
6>:c.,  (rev.),  177 

Horse  traffic  on  railways,  367 

Hosking's  guide  to  the  regulation  of  buildings  in 
towns  (rev,),  27,  55 

Hotel  de  V'ilie,  Paris  (rev.),  99 

Houses  of  parliament,  245,  278,  295 

Houses  of  parliament,  expenses  of,  92,  228 

Howard,  on  plate-glass  trade,  316  { 

Humphrey's  pat.  screwpropellers  and  pumps,  247 

Huagerford  suspension  bridge,  3,  292,  364 

Hunt's  pat.  gas-burners,  114 

Hunt,  on  tiie  electricity  of  mineral  veins,  189 

Hydraulic  lifting  jack,  Thornton's,  87,  217 

Hydraulic  pressure  engines,  314 

Hydraulic  starling  apparatus,  183 

Hydraulic  telegraph  127 

Hydraulic  or  steam-wheel,  .Sims's,  351 

Hydrograpliic  map  of  the  Brititli  Isles,  315 

Hydrogen  gas  as  a  motive  power,  379 

Hydrometer,  marine,  Buchanan's,  91 

l'ANSON,on  mural  paintings  in  Lingfield  church, 29 
I'ausuu,  ou  building  sewers,  29 
Ice,  comparative  value  of,  352 
Illumination  of  lighthouses,  173,  205 
Illuminating  power  of  gas,  mode  of  estimating, 

184 
Imperial  insurance-office,  Old  Broad-street,  193 
Import  and  export  of  metals,  IBS 
Improvements  in  bridge  building,  318 
Improvenieols  of  inland  navigation,  53 
Improvement  of  steam  navigation,  311 
Indian  railways  (rev.),  103 
India-rubber  tube-cocks,  Jennings's  pat.,  144 
India-rubber  joints,  Brockedon's  pat.,  380 
Indian  waterfall,  319 
Indurated  gypsum,  288 
Inland  navigation,  by  A.  P.  Perceval,  53 
Inlaying  metals,  iNIotay's  pat..  217 
Institute  of    British   architects,  29,  CO,  89, 

150,  186,221,283,  380 
Institution  of  builders  foremen,  90, 
Institution  of   civil  engineers,  01,  90,  122, 

185,221,283 
Institution  of  civil  engineers  of  Ireland,  63 
Instilulioa  of  engineers  at  the  Hague,  127 
Institution,  Royal  Polytechnic,  96,  159 
Institution  of  mechanical  engineers,  87,  182,  222 

283,380 
Invention  of  tubular  bridges  disputed,  218 
Inverted  arch  bridge,  Cowper's,  S 
Invisible  musicians,  192 

Irish  and  English  channels,  on  the  tides  of,  147  • 
Irish  wants  and  remedies  (rev.),  214 
Irisli  flax,  Bennett  on,  31 
Ireland,  institution  of  civil  engineers  of,  63 
Ireland,  railwaja  in  (rev.),  214 
Iron,  manufacture  of,  Attwood's  pat.,  371 


124, 


155, 
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Iron,  Manufacture  of,  Blewitt's  pat.,  46;  New- 
ton's, 170;     Russell's,  286;     Vickers,  47 
Iron  bridges,  Buchanan  on,  125, 153 
Iron  lever  bridge,  Gladstone's,  380 
Iron,  Norton's  machine  for  rolling,  191 
Iron  ore  in  Algiers,  191 
Iron  produce  of  I'ennsylvania,  284 
Iron,  Rocke's  pat.  for  casting,  210 
Iron,  sulphate  of,  for  purifying  gas,  128 
Iron  skew  bridge.  Grainger's,  02 
Iron,  the  elfects  of  zinc  on,  187 
Iron  tubes,  Cutler's  pat.,  248 
Iron  tubular  bowstring  bridges,  1,200 
Iron  traffic  on  railways,  270 
Iron  truss  railway  bridge.  Rider's,  30 
Iron  vessels,  construction  of,  225 
Isometrical  perspective,  230,  294 

.Jack,  Thornton's  hydraulic,  87,  217 

Jackson  ou  engineering  of  the  Rhine  and  Moselle, 

150 
Jackson's  hydraulic  starting  apparatus,  183 
Jacquard  perforating  machine,  88,  225 
Jee's  Dinting  Vale  viaduct,  35 
Jenuing's  pat,  india-rubber  tube-cocks,  144 
Joues's  friction  hammer,  128 
Johnson's  pat.  fur  refining  silver  and  lead,  143 
Junius's  letters,  authorship  of  (rev.),  213 

Kay,  IMr.,  death  of,  61 

Kemp,  on  economising  fuel  in  gas-works,  155 

Kendall's  designs  for  schools  and  school-houses, 

57 
Keys,  railway.  Barlow's  pat.,  304 
Kiln,  porcelain,  Newton's  pat.,  145 
Kimberley's  pat.  jointing  clamp,  373 
Kinsman's  pat.  rotary-engines,  216 
Kyan's  pat.  for  consuming  smoke,  113 

Lace,  Brussels,  32 

Lakes  of  America,  319 

Lautliorn,  new  mining,  255 

Lap  and  lead  of  the  slide-valve,  14,  37 

Launch  of   tlie  Express,  319;     New  Star,  319; 

Llewelhjn,  193  ;  Taman,  366 
Law's  mathemotics  for  practical  men  (rev.),  209, 

219 
Lii\ard"s  rem.TiUs  on  Nii;cveh,  60 
Lead  and  silver,  Johnson's  pat.  for  refining,  143 
Leather  hangings,  Foynter  on,  61 
Lecture,  I'layfair's  iiiiroductory,  376 
Lectures  on  geology,  by  Prof.   Ansted,  27 
Lectures  on  civil  engineering,\V.  Ranger  (rev.),  378 
Leon's  high-pressure  steam  generator,  360 
Letters  of  Junius,  authorship  of  (rev.),  213 
Lifting-jack,  Thornton's  hydraulic,  87,  217 
Light,  effects  of,  in  photography,  284 

,,     engines  and  trains,  223 
Lighthouse  on  tlie  Skerryvore  rock  (rev.),  173, 

205 
Lighthouses  at  the  South  Foreland,  319 

„         Findlay  on, 01 
Lighting,  heating,  and  ventilating,  Brittern's  pat., 

370 
Lighting  by  electricity,  Staite's  pat.,  49 
Lime,  traffic  ou  railways,  270 
Linglield  church,  mural  paintings  in,  29 
Lists  of  new   patents,  32,  64,  96,  128,  160,  192, 

224,  256,  288,  320,  352,  382 
Lister's  railway  breaks,  304 
Little  and  Brett's  railway  communicator,  30 
Liverpool,  supply   of  water  from  the    new  red 

sandstone,  188 

„         survey,  278 
„        waterworks,  127 
Lockhead's  pat.  for  perforating  glass,  307 
Locomotive  carriage  apparatus,  Wrighton's  pat., 

246 

„  wheels,  Evans's  pat.,  189 

Locomotive-engines  and  breaks,  Taylor's  pat.,  70 
„  carriages,  Taylor's  pat., 

23  ;     Pearson's,  167 
Locomotive-engines,  Crampton's  pat.,  48;     Hea- 

ton's,  189;     Ritchie's,  306 
Locomotive  propelled  by  manual  labour,  192 


Locomotivee,  branch  passenger,  382 

London    and    North-Western    railway    carrying 

stock,  307 
London,  ordnance  survey,  90,  198,  255 
„        society  of  arts,  29, 61,  90,  150 
Lovelace,  Earl,  on  harbours  of  refuge,  222 
Lowe's  pat.,  manufacture  of  ores,  214 
Low-pressure  atmospheric  railway,  284 
Lubricant,  new,  for  machinery,  155 
Lubricating  composition,  Denne's  pat.,  169 
Lush's  notes  upon  art,  356 

Lyell,  ou  fossil  footmarks  in  the  coal  formation,  86 
Llandafl' cathedral,  Wyatt  on,  141 
Lkweltyn  steam-packel,  190 
Lloyd's  pat.  furnace  and  blowing-machine,  343 

M'Coll's  railway  alarum,  32 
M'Connell,on  balancing  of  wheels,  222 
Machine  for  rolling  iron,  Norton's,  191 

„       for  quarrying,  100 
Machinery,  Blackwall  railway,  83 
,,  new  lubricant  for,  155 

Madder,  colouring   property  of,  284 
Mail  conveyance  on  railways,  33S 
Malleable  iron  railway  chair,  Robb's,  31 
Malleable  iron  lever  bridge,  Gladstone's,  380 
Mammoth  machine,  192 

Manchester,  &c.,  supply  of  water  to  (rev.),  177 
„         and  Sheffield  railway,  goods  traffic  on, 
307 
Manual  power  locomotive,  192 
Manure  traffic  on  railways,  330 
Map,  bydrographic,  of  the  British  isles,  315 
Maps  of  the  ordnance  survey,  287 
Marble  arch  at  Buckingham  palace,  7 
Marine  engines  and  propellers,  Maudsley's  pat., 
305 
,,       hydrometer,  Buchanan's,  91 
,,       steam-boilers,  Dundonald's  pat.,  286 
Market-house  at  Blackburn,  96 
Marshes,  drainage  of,  by  steam,  301 
Mathematics  for  practical  men,   Gregory's  (rev.) 

209,  249 
Maudsley's  pat.  engines  and  propellers,  305 
Measurement  of  temperatures,  338 
Mechanical  engineers,  institution  of,  87,  182,  222, 

283 
Mechanics,  study  of,  323 

„         theoretical  and  practical,  Hann's  (rev.), 
375 
Mechanism,  new  element  of,  315 
Medals  of  R.  I.  B.  A.,  award  of,  124,  125 
Mercury,  density  of,  207 
Metals  bronzed  by  electricity,  127 
„      import  and  export  of,  198 
„      Motay's  pat.  for  inlaying,  217 
,,      process  for  uniting,  187 
„      Salzede's  pat.  for  bronzing,  169 
Metropolitan  sanitary  commission,  17 

„  sewers  act,  287 

Micbaut's  pat.  for  manufacture  of  coke,  246 
Middlesbro'  docks  and  coal  drops,  105 
Mill,  removal  of,  near  Coleraine,  63 
Miller,  on  analysis  of  wrougbt-iron, 
Mills,  application  of  steam-power,  Hastie's  pat., 

115 
Military  surveyors  and  civil  surveyors,  198,  255 
Milne's  overarch  suspension  bridge,  32 
Mineral  guano,  285 

„        produce  of  Austria,  190 

„        traffic  on  railways,  334 

„        veins,  electricity  of,  189 

Mines,  ventilation  of,  Wilcock's  pat.,  22 

Mining  apparatus,  Puis's  pat.,  248   - 

„       lanthorn,  new,  255 
Mints,  observations  on,  by  Mr.  Smith,  315 
Miscellaneous  goods  trafiic  on  railways,  366 
Mitchell's  safety-wheel  ring-revolver,  63 
,,        screw-pile  and  moorings,  122 
Mode  of  extinguishing  fire  at  sea,  318 
MoflTat's  railway  alarum,  32 

„       pat.,  improvements  in  sewers,  372 
Monumental  brasses,  Archer  on,  30 
Moselle  and  the  Rhine,  engineering  of,  155 
Motay's  pat.  for  inlaying  me'.als,  217 
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Motion  of  water,  by  Guido  Grandi,  81 
Motive  power  obtained  by  gas,  128 
Moulton's  pat.  for  costruction  of  bridges,  23 
Mural  paintings  in  Lingfield  church,  I'anson,  29 
Musical  instrumenta  played  by  electro-magnetism, 
192 

Nasmyth,  on  chemical  character  of  steel,  314 

„         on  the  efl'ects  of  zinc  on  iron,  187 
Nasmylh's  pat.  steam-hammer,  302 

„         steam  pile-driver,  289 
National  Gallery,  new,  96,  291 
Natural  gasworks,  298 

„       system  of  architecture,  by  W.Griffiths,  91 
Navigation,  inland,  Perceval  on,  53 

„  steam,  Scott  Russell  on,  311 

Navy,  steam,  75 
Newall's  pat.  sash-line,  150 
New  baptist  chapel,  Bloonisbury,  129 
Newcastle-upon-Tyne  central  railway  station,  353 
New  cement,  319  „   r,  <. 

New  element  of  mechanism,  by  R.  Roberts,  315 
New  electric  light,  Le  Mott's,  379 
New  houses  of  parliament,  92,  228,  245,  278 
New  lubricant  for  machinery,  155 
New  market-house  at  Blackburn,  96 
New  method  of  cutting  trenches  for  drain-tiles,  329 
New  method  of  treating  the  ore  of  platinum,  123 
New  National  Gallery,  96,  291 
New  palace  of  Westminster,  245,  278,  295 

„  expenses  of,  92,  228 

New  park  at  Battersea,  320 
New  patents,  lists  of  English, 32, 64, 96, 128,160, 

192,  224,  256,  288,  320,  352,  382 
New  patents,  register  of,  22,45,75, 111,143,167, 

214,  246,  285,  302,  342,  368 
New  red  sandstone,  supply  of  water  from,  188,381 
New  rifle  barrel,  192 
New  Star  steamboat,  319 
New  steam  or  hydraulic-wheel,  351 
New  steam-ship  basin,  Portsmouth,  191 
New  theatre  at  the  Polytechnic  Institution,  96, 

159 
Newland,  on  survey  of  Liverpool,  278 
Newton's  pat.,  manufacture  of  iron,  170 

„  manufacture  of  pigments,  215 

,j  porcelaiu  kiln,  144 

„  railway-wheels,  114 

„  water-gauge,  52 

Niagara  river,  sudden  draining  of,  191 

„         suspension  bridge,  191,  288 
Nineveh,  remarks  on,  by  iMr.  Layard,  60 
Normauville's  pat.  axle-boxes  and  journals,  369 
Norton's  machine  for  rolling  iron,  191 
Note-book,  Candidus's,  Fasciculus  LXXVII,  5  ; 
LXXXIII.,  41;   LXXIX.,  65;  LXXX.,  97; 
LXXXI.,  130;    LXXXII.,  162;    LXXXIII., 
193;       LXXXIV.,      226;      LXXXV.,    257; 
LXXXVI.,       290;  LXXXVII,,       321; 

LXXXVIII.,  354 
Notes  of  the  month,  32,  95,  127,   160,  190,  223, 

255,287,317,  351,381 
Notes  on  engineering,  No.  VIII.,  2  ;     IX.,  199 ; 

X.,  258  ;     XI.,  292 
Notes  upon  art,  by  F.  Lush,  356 

Obituary  :  Harvey  L.  Elmes,  61,  61 ;  Mr.  Kay, 
01 ;  Charles  Dyer,  96  ;  Henry  Brandreth,  R.E., 
90  ;  George  Stephenson,  297,  329,  361 
Oblique  arch,  Bashforth  on,  4 
Occurrence  of  vanadium  in  the  refinery  slag,  319 
Oniotf's  rotary  engine,  284 
Ordnance  maps,  287 

,,         survey  of  London,  96,  198,  255 
Ore,  copper,  Norwegian  mode  of  smelting,  320 

„  Rivot's  process  for  smelting,  317 

Ore  of  platinum,  new  method  of  treating,  128 

„  Wall's  pat.  for  separating  iron  from,  144 
Ores,  Birkmire's  pat.  for  smelting,  215 
„      Brunton's  pat.  for  dressing,  214 
,,       manufacture  of.  Low's  pat.,  214 
Ormerod  on  drainage  of  Chat-moss,  315 
Overarch  suspension-bridge,  Jlilne's,  32 
Oxides  of  zinc,  Rochaz's  pat.,  343 


Paddle-wheels,  Barber's  pat.,  168 

Paint  manufactured  from  antimony,  128 

Painting  and  architecture,  letters  on,  165 

Paintings  in  Lingfield  church,  I'Anson,  29 
„        on  glass,  by  M.  de  Ron,  30 

Palace  at  Caserta,  7,  36 

,,        Buckingham,  7,  36, 257 

„        of  Westminster,  245,  278,  295 

»  „  expences  of,  92,  228 

Palmer's  patent  gas  improvements,  25 

Paper-hangings  coloured  with  nitrate  of  silver  100 

Parcels  traffic  on  railways,  336 

Paris,  council  of  health  of,  345 
,,     Hotel  de  Ville  (rev.),  99 

Park  at  Battersea,  new,  320 

Parker  on  the  velocity  of  atmospheric  jets,  110 

Parker's  reaction  water-wheels,  110,  171 

Parliament  houses,  new  (rev.),  295 

„  „         „     92,  228,  245,  278,  295 

Passengers  and  fares  on  railways,  241 

Passenger  locomotives,  382 

Patents,   English,  lists  of,  32,  64,  96,  128,  160, 
192,  224,  256,  288,  320,  352,  382 
„        register  of   new,  22,  45,  75,111,143, 
167,  214,  216,  235,  302,  342,  368 

Patests  : — 

Atmospheric  railway  valves,  Froude,  2-18 

Axle- boxes  and  journals,  Normanville,  369 

Axle  guards  and  buffers.  Ue  Bergue,  247 

Balance  bridge,  Sadler,  75 

Bar  iron,  Russell,  2^6 

Beams  or  girders.  Fielder,  189 

Boring  and  sinking,  Gard,  170 

Bridge,  balance,  SadUr,  75 

Bridges,  construction  of,  i^IouItOH,  23 

Bronzing  metal  surfaces,  Salzede,  \Gy 

Coke  ovens,  Jlit-haut,  24G 

Condensing  steam,  Schiele,  114 

Coupling  irons.  Pratt,  372 

Decorative  arts,  Wallace,  303 

Electricity,  lighting  by,  Steite,  49 

Engines,  rotary,  I-iiusman,  2V} 

Fire  cock,  Chrinies,  167 

Fuel,  artibcial,  Azulay  and  Solomons,  52 

„     combustion  of,  Coad,  21G 
Furnaces  and  blowing  machines,  Lloyd,  .'^3 
Furnaces,  blast  of,  Abion,  372 
Gas  apparatus,  self-acting,  Watson,  342 
Gas  burners.  Hunt,  114 
Gas,  improvements  in.  Palmer,  2J 
Gas  meters,  Clegg,  3G8 
Gas  stove,  Brockedon,  143 
Gauge  for  steam-boilers,  Newton,  52 
Glass  manufacture.  Chance,  304 
Glass,  perforating,  Lockhead,  307 
Iron,  manufacture  of,  Atwood,  371^  Blewitt,  4G ;  Newton, 

170,  Vickers,  47 
Iron,  wrought,  casting  of,  Rocke,  21G 
Jointing  clamps,  Kimberley,  373 
Locomotive  carriage  wheels,  Evans,  189 
Locomotive  engines,  Crampton,  48;     Heaton,  189;  Rit- 
chie, 30(5 
Locomotive  engines  and  breaks,  Taylor,  76 
Locomotive  engines  and  carriages,  Pearson,  ir,7;    Taylor, 

Lubricating  composition,  Denne,  169 

flietals,  inlaying  and  coating,  Motay,  217 

JMills.  application  of  steam  power  to,  Hastie,  115 

Mining  apparatus,  Puis,  248 

Ores,  dressing,  Brunton,  214  ;     Low,  214 

Ores,  smelting,  Birkmyre,  215 

Ores,  separating  iron  Irom,  Wall,  144 

Paddle  wheels.  Barber,  168 

Pigments,  manufacture  of,  Newton,  215 

Plate  glass,  Hartley,  1+4 

Pneumatic  spring.  Poole,  45 

Porcelain  kiln,  Newton,  145 

Propellers,  Maudslay,  S05 

Propelling  blades,  Stow,  266 

Rails,  laying  down  of,  Gordon,  370 

Railway  apparatus,  Wrighton,  246 

Railway  bars  and  chairs,  Shaw,  170 

Railway  break,  Chaplin,  114  ;    Heath,  304  ;  Lister,  304 

Railway  carriage  axles,  Berger,  46 

Railway  carriages,  De  Bergue;  247;  Dunn,  169 

Railway  keys.  Barlow,  804 

Refining  silver  and  lead,  Johnson,  143 

Rotary  engines.  Kinsman,  216;  Wilson,  285  ;  Davies,  370 

Sack  holder,  Gilbert,  111 

Screw  propellers  and  pumps,  Humphreys,  347 

Sewer,  diaphragm  double-acting,  Moffatt,  372 

Sewer  trap,  Bunnett,  23 

Silvering  speculums,  Fletcher,  115 

Smoke  consuming,  Kyan,  113 

Steam  boilers.  Black,  304;  Earl  of  Dundonald,  286; 

Steam  boilers  and  engines,  Exall,  342 

Steam  boiler  furnaces,  Baker,  247 

Steam  engines.  Bacon  and  Dixon,  111 ;  Siemen,  249 

Steam  engines,  high-pressure.  Cole,  342 

Steam  furnaces,  economy  ol  fuel  in,  Douche,  303 


Patents  C^oniinuedJ  .- — 

steam  hammer,  Nasmyth  and  Gaskell,  302 

Tubes,  lap-welded.  Cutler.  248 

Tubes,  manufacture  of,  Fontainemoreaii,  216 

Tubular  flues.  Pott,  368 

Turntables,  Thorold,  303 

Valves  and  plugs,  Bateman,  286 

Valves,  self-acting,  Walmsley,  371 

Ventilation  and  lighting,  Brittern,  370 

Ventilation  of  mines,  Wilcock,  ^2 

Vibrating  piston-rod  engine,  Gustafsson,  24 

Water  gauge,  Newton,  52 

Water,  measurement  of,  Haigh,  371 

Wood,  preserving  and  colouring,  Renard,  143 

Wheels,  manufacture  of,  Ashbury,  369 

Zinc,  oxide  of,  Rochaz,  307,343 

Paving  of  streets,  272 

Pavement,  wood,  action  for  infringement  of  pafent, 
256 

Payne's  pat.  fireproof  wood,  287 

Pearson's  pat.  locomotive  engines  and  carriage3,16T 

Peck  and  Pardee's  pat.  lever  vice,  373 

Peculiarities  in   the  construction  of  Greek  archi- 
tecture, by  F.  Penrose,  150 

Penny,  on  the  divining  rod,  224 

Penrose,  on  the  geometrical  lines  and  optical  cor- 
rections of  the  Greek  architects,  150 

Pennsylvania,  iron  produce  of,  284 

Perceval,  on  inland  navigation,  53 

Percy,  on  extraction  of  silver  from  its  ores,  315 

Perforating  glass,  Lockhead's  pat.,  307 
„  machine,  Jacquard,  88,  225 

Permanent-way  deterioration  of,  381 

Perspective,  isometrical,  230,  294 

Peterraan's  hydrographic  map  of  the  British  isles, 
315 

Phenomena  of  fire,  127 

Phillips's  prof,  anemometrical  researches,  310 

Phosphates  in  the  green  sand  formation,  191 
„  Analysis  of,  192 

Photography,  etl'ectof  light  in,  284 

Pigments,  manufacture  of,  Newton's  pat.,  215 

Pile  driver,  steam,  Nasmyth's,  289 
„     driving  machine,  Clark  and  Varley's,  341 

Pipes  for  sewage,  90 

Piston,  on  the  influence  of  the  rapid  motion  of,  158 
„       rod  engine,  Gustafsson's  vibrating,  24 

Pitter's  archimedian  balloon,  223 

Plan-pricking  instrument,  272 

Planters,  hints  to,  63 

Plants,  salt  a  poison  to,  312  ' 

Plate-glass,  Hartley's  pat.,  144 

„  trade,  Howard  on,  316  /* 

Plate-holder  for  the  daguerreotype  camera,  155        % 

Platinum,  new  method  of  treating  the  ore  of,  128     ■* 

Playfair's  introductory  lecture,  370 

Plough,  American,  Slocum's,  31 

Plymouth  docks,  318 

„         sound,  breakwater  in  (rev.),  121 

Pneumatic  spring,  Poole's  pat.,  45 

Pointed  architecture,   Gwilt's  remarks  on,  22 

Pole's  translation,  Alban's  high  pressure  steam- 
engine,  (rev.),  211 

Poole's  pat.  pneumatic  spring,  45 

Polygoaar  decorations,  91 

Polytechnic  institutions  96,  159 

Porcelain  kiln,  Newton's  pat.,  145 

Port  and  docks  of  Birkenhead  (rev.),  68 

Portable  cofferdam,  Stevenson's,  62,  231 

Porticoes  of  ancient  Rome,  233 

Portland  cement,  294 

Portlock,  on  coast  levels,  314 

Portsmouth,  new  steam-ship  basin  at,  191 

Pott's  pat.  tubular  flues,  368 

Pottery,  ancient,  Dwyer  on 

Poynter,  on  leather  hangings,  61 

Pratt's  pat.  coupling  irons,  372 

Precautions  on  railways,  Harding's,  32 

Preservation  of  wood  for  sleepers,  224 

Preserving  and  colouring  wood,  Renard's  pat.,  143 

Pressure  engines,  hydraulic,  314 

Pressure-gauge  for  gas-works,  382 

Prevention  of  accidents  iu  coal  mines 

Prevention  of  explosions  in  steam-engines,  381 

Price's  dry  condenser,  284 

Principles  and  practice  of  building  sewers,  I'ansoa 
on,  29 


Principles  of  geometry,  &c.,  T.  Tate  (rev.),  1 38 

Proceedings  of  scientific  societies, 29 ,60,  87,123, 
182,221,  283,  380 

Production  of  tlie  beautiful,  Purdie  on,  142 

Progress  of  tlie  railway  system,  W.  Harding,  308 

Propellers  and  engines,  Maudslay'spat.,  305 
,,        pumps,  Humphrey's  pat.,  247 

Propelling  blades,  Stow's  pat.,  2SG 
,,         by  means  of  gas,  128 

Provision  traffic  on  railways,  335 

Publication  of  architectural  knowledge,  society 
for,  137 

Puis's  pat.  mining  apparatus,  248 

Pulley,  a  new  application  of,  92 

Pumps  and  screw  propeller."!,  Humphrey's  pat., 
247 

Punching  machine,  .Jacquard,  88,  225 

Purdie  on  the  fallacy  of  Hay's  theory  of  symme- 
trical beauty,  148 

Purdie,  on  the  production  of  the  beautiful,  148 

Quadrant,  Regent's,  removal  of,  291 
Quarrying  machine,  160 

Railway  Companies,  amalgamation  of,  373 
Railway  alarum,  Allen's,  30  ;  Baird's,  318  ;  Brett 
and  Little's,  30  :  Brothers's,  30  ;  Button's,  30  ; 
M'Coll's,  32;  Moffat's,   32;  Tattersal's,  191 
Railways  and  railway  legislation,  Doull  (rev.),72 
Railway  and  steam  navigation  defences,  43 
„        apparatus,  Wrighton's  pat.,  246 
„         average  rate  and  mileage  on,  367 
„         bars  and  chairs,  Shaw's  pat.,  169 
„         break,  Chaplin's  pat.,  114;  Heath's,  304; 
Hepburn's,  32  ;  Laignet's  triple,  192;  Lister's 
pat.,  304 
Railway  bridge,  iron  truss.  Rider's,  30 

„        broad  and  narrow  gauge,  Briant's  plan 

for  uniting,  30 
„        buffers,  De  Bergue's  pat,,  247 
„        carriage  axles,  Berger's  pat.,  46 
„        carriages  and  locomotive  engines,  Tay- 
lor's pat.,  23 
„        carriage-wheels,  Evans's  pat.,  189 
„        Heaton's  pat.,  189  ;  Newton's,  pat.,  114 
„        chair,  malleable  iron,  31 
Railways,  Crane's  improvements,  32 

„         Colonial,  96 
Railway  dividends,  96 

„        engines,  Heaton's  pat.,  189 
„  „    and  breaks,  Taylor's  pat.,  76 

„  „    and  carriages,  "Taylor's,  23 

Railway  elevator,  Fothergill's  380 
Railway  engineering,  Baker's  (rev.),  74 
Railways,  formulje  for  laying  out  widths  of,  327 

,,  to  calculate  area  of  cross-section  on,  137 

Railway  girders,  dellectioa  and  strain  of,  258 
,,        guide  for  assistant  engineers  (rev.),  213 
„         Gordon's  pat.  improvements,  370 
„         government  system  in  Ireland  (rev.),  214 
Railways,  Hepburn  on  the  prevention  of  accidents, 

31 
Railway  junctions,  on  setting  out,  by  A.  Bean- 
land,  124 
„         keys,  Barlow's  pat.,  304 
,,        machinery,  Blaclcwall,  83 
Railways,  negotiation  of  directors  of,  352 
„         new  atmospheric,  224,  284 
„        of  India  (rev.),  103 
„         opened,  223,  254,  288, 351,  352 
„         passengers  and  fares,  241 
„        practice,  Brces  (rev.),  57 
,,        precautions  o:i,  by  W.  Harding,  32 
„        progress.  South- Eastern,  318 
Railway  rescue  (rev.),  346 

,,         sections  in  sidelong  ground,  37, 67 
„        signals,  Baird's  pat,,  318 
„        sleepers,  preservation  of  wood  for,  224 
„        station,  Newcastle-upon-Tyne,  account 
of,  353  - 

Railways,  Smith  dR  goveroment  loan  to,  127 
Railway,  South-Western,  extension  of,  254 

„         statistics,  by  H.  Clarke,   241,  268,  333, 
366 
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Railway  statistics,  V,',  Harding,  308 

„        switches,  NicoU's,  32 

„        telegraph  and  alarum,  Hoare's,  30 

,,         time  signals,  250 

,,         trains,  collision  of,  196 

„         Gooch,  on  the  resistance  to,  155, 186,203 

„         wheels  and  jacks,  Dunn's  pat.,  169 

„        wheels,  Asbbury's  pat.,  369 
Rain  gauges,  on  the  construction  of  (rev.),  177 

„         Homersham,  on  the  fall  of,  349 

,,         the  cause  of,  191 
Ramsay,  on  submergence  of  land  in  M'ales,  314 
Randall,  on  salt,  a  poison  to  plants,  312 
Ranger's  lectures  on  civil  engineering  (rev.),  378 
Rankine,on  the  construction  of  sea-walls,  123 
Ransome,  on  artificial  stone,  61,  90 
Rare  shot,  127 

Reaction  water-wheels,  Parker's,  110,  171 
Red  sandstone,  new,  supply  of  water  from,  188 
Redman,  on  entrances  to  docks,  123 
Refinery,  slag,  occurrence  of  Vanadium  in,  319 
Refining  silver  and  lead,  Johnson's  pat.,  143 
Regent's  quadrant,  removal  of,  291 
Register  of  new  patents,  22,  45,  75,  111,  143,167, 

214,  246,  285,  302,  342,  368 
Registering  machine.  Sharp's,  63 
Regnault's  theory  of  steam-engines,  236,265,338 
Regulation  of  buildings  in  towns  (rev.),  27,  55 
Renard's  pat.  for  colouring  and  preserving  wood, 

143 
Rennie,  on  breakwater  in  PIvmouth  Souud  (rev.), 

121 
Reports  on  coals  for  the  steam  navy,  273 
Report  on  supply  of  water  to  Manchester,   Sec. 
(rev.),  177 

„         steam-engine  boilers,  179 

„        survey  of  Liverpool,  278 
Reservoirs  at  Bann,  Ireland,  185 
Reservoirs,  embankments  for,  197 
Resistance  to  bodies  in  fluids,  106 

„         railway  trains   at  dilferent  velocities, 
155.  186,  203 
Reverbratory  furnaces,  Chance's  pat.,  304 
Reviews,  26,  55, 68,  120,  138,  173,  205,  295 

Reviews  : — 

Air  pump  and  atmospheric  railway,  Turnball,  2fi 

Antiquarian  and  genealogist's  companion,  Bruce,  27 

Architecture,  history  of,  Tuthill,  377 

Art,  ancient  and  modern,  Cleghorn,  73 

Birkenhead  port  and  docks,  Webster,  GS 

Breakwater  in  Plymouth  Sound,  Rennie,  121 

Buildings  in  towns,  guide  to  the  proper  regulation  of, 

Hosking,  27,  55 
Earthwork  tables.  Baker,  74 ;  Bashforth,  296  j  Sibley  and 

Rutherford,  27 
Engineering,  syllabus  of  lectures  on.  Ranger;  37B 
Geometry,  principles  of,  Tate,  138 
Gregory's  mathematics  for  practical  men.  Law,  209,  241) 
Hotel  de  Ville,  Paris,  Calliat,  K'J 
Indian  Railways,  Old  Indian  Postmaster,  103 
Irish  wants  and  practical  remedies.  Brown,  214 
Junius's  letters,  on  authorship  of,  Britton,  213 
Lecture  at  College  of  Civil  Engineers,  Playfair,  376 
Lighthouse  on  bkerryvore  rock,  Stevenson,  173,  20a 
Liverpool,  sewerage  of,  Newland.  278 
Mechanics,  theoretical  and  practical,  Hann,  375 
IMlnts,  observations  on,  Smith,  315 
Plymouth  sound,  breakwater  in,  Rennie,  121 
Palace  of  Westminster,  *  *  *  2y5 
Railway  engineering.  Baker,  7-1 
Railway  guide,  assistant  engineer's,  213 
Railway  practice,  Brees's,  b7 
Railways  and  railway  legislation,  Doull,  72 
Railway  rescue,  *  *  *,  3-47 

Schools  and  schoolhouses,  designs  for,  Kendall,  57 
Steam-boiler  explosions,  causes  of,  Wilder,  17S 
Steam-engine,  Alban's  high-pressure,  Pole,  211 
Steam-boiler,  studies  of,  Templetoc,  21Hi 
Ship- building,  theory  and  practice  of.  White,  120 
Skerryvore  lighthouse,  account  of,  Stevenson,  173,  205 
Surveying  a  treatise  on,  colonial.  Whitehead,  140 
Telegraphs,  electric,  17') 

Water,  supply  of  to  Manchester,  &c.,  Homersham,  177 
Young  surveyor's  preceptor,  Reid,  122 

Rhine  and  Jloselle,  engineering  of,  155 
Richards's    letter    on    Cowper's     inverted   arch 

bridge,  8 
Richmond's  engine  counter,  61 
Rider's  iron  truss  railway  bridge,  30 
Rifle-barrel,  Lancaster's  pat.,  192 
Ritchie's  pat.  locomotive  engines,  306 
Rival  palaces,  by  Candid  us,  36 


Rivers  and  harbours,  on  shoals  at  the  enti'socei 

of,  186 
Roberts's  new  element  of  mechanism,  315 

„       Jacquard  perforating  machine,  225 
Robertson  on  Blackwall  railway  machinery,  83 
Robb's  malleable  iron  railway  chair,  31 

„        stop-cook  for  corrosive  fluids 
Rochaz's  pat.  for  obtaining  oxide  of  zinc,  307,343 
Rocks,  blasting  of,  288 
Rocke's  pat.  for  casting  wrought  iron,  216 
Rolling  iron,  machine  for,  191 
Rome,  ancient  theatres  and  porticoes  of,  233 
Roof  of  the  D  iblin  terminus,  fall  of,  63 
Rope,compara  ive  strength  of  wire  and  hemp,  352 
Rotary  engine^,  expansive,  Wilson's  pat.,  285 
„  Davies's  pat.,  370 

„  fallacy   of,  284 

„  Kinsman's  pat.,  216 

Rotary  heels,  192 
Royal  Academy  exhibition,  163,  195,  218,228, 

326 
Royal  institute  of  British  architects,  29,  60,  89, 
124,  150,  186,221,380 
„       Institution  of  engineers  at  the  Hague,  127 
„       Polytechnic  institution,  96,  159 
„       Scottish   society  of  arts,    31,  62,   91,  125, 
148,153,184 
Russell's  pat.  bar  iron,  286 

„     on  improvements  in  steam  navigation,  311 
Rutherford  and  Sibley's  earthwork  tables  (rev.),  27 

Sack-holder,  Gilbert's  pat..  Ill 
Sadler's  pat.  balance  bridge,  75 
Safety  lamp,  history  of,  329 
„      valves,  Wilson's,  285 
,,      wheel  ring-revolver,  63 
Salta  poison  to  plants,  312 
Saltash  bridge  for  the  Cornwall  railway,  96 
Salt  spring  atDroitwich,  319 
Salzede's  pat.  for  bronzing  metals,  169 
Samuel's  light  engines  and  trains,  223 
Sandstone,  new  red,  supply  of  n ater  from,  188,381 
Sand  traffic  on  railways,  333 
Sanitary  commissioners,  Cresy's  evidence  before, 
59,81.115,  17 
„      improvements  in  the  sewage,  252 
,,      laws,  at  home  and  abroad,  252 
Sash-line,  Newall's  pat.,  156 
Saws,  circular,  318 

Schools  and  schoolhouses,  designs  for  (rev.),  57 
Schiele's  pat.  condenser,  114 
Scottish  society  of  arts,  31,  62,  91, 125,  148, 153, 

184 
Screw  cutting  machine,  295 

„      pile  and  moorings,  Mitchell's,  122 
„      propellers  and  pumps,  Humphrey's  pat.,247 
Sea-walls,  Rankine  on  the  construction  of,  123 
Self-acting  gas  apparatus,  Watson's  pat.,  342 
Separating  iron  from  ore.  Wall's  pat.,  144 
Setting  out  railway  junctions,  Beauland  on,  124 
Sewage  and  drainage  of  Bristol,  93 

„  Liverpool,  278 

„       pipes,  96 

„      sanitary  improvements  in,  76 
Sewers,  commission  of,  32 

„      diaphragm  double,  Moffatt's  pat.,  372 
„       (metropolitan)  act,  287 
„      On  the  principles  and  practice  of  building, 
by  E.  I'Anson,  29 
Sewer  trap,  Bunnell's  pat.,  25 
Sharp's  letter  on  Buckingham  palace,  7 

„     registering  machine,  03       , 
Shaw's  pat.  railway  bars  and  chairs,  170 
Sheathing  for  ships,  256 

Ship-building,  theory  and  practice  of  (rev.),  120 
Ships,  Kenwood's  pat.  for  steering,  47 
Ships  without  keels,  Zerman's,  375 
Shrewsbury  and  Chester  railway,  opening  of,  SSI 

engine,  382 
Sibley  and  Rutherford's  earthwork  tables  (rev.),  27 
Sidelong  ground,  a  theorem  to  calculate  the  area 
of  a  cross  section,  67,  137 
„  Cox's  tables  for  calculating  of 

earthworks  io,  199 
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Sidelong  ground,  railway  sections  in,  Clark's,  67 
Sieinen's  pat.  steam-engines,  249 
Signal  balls,  Adies,  02 
Sims's  new  hydraulic  wheel,  351 
Silver  and  lead,  Johnson's  pat.  for  refining,  143 
„      extraction  from  its  ores  by  the  "  wet  way," 

315 
„      nitrate  of,  colouring  paper-haogings  with, 
100 
Silvering  speculums,  Fletcher's  pat.,  115 
Skerry vore  lighthouse,  account  of,  173,  205 
Skew  bridge,  Grainger's,  02 
Slag,  occurrence  of  vanadium  in,  319 
Slate  traffic  on  railways,  333 
Sleepers,  preservation  of  wood  for,  224 
Slide  valve  on  the  lap  and  lead,  14.  37 
Slocum's  American  plough,  31 
Smelting  copper  ores,  Birkmyre's  pat.,  215 
„  furnace,  cost  of,  340 

,,  Norwegian  method,  320 

„  Rivot  and  Phillips's  process, 

347 
Smith,  Dr.,  on  air  and  water  of  towns,  311 
„  observations  on  mints,  315 

„  on  government  loans  to  railways,  127 

„  on  high-pressure  boilers,  283 

Smoke  consuming,  Kyan's  pat.,  113 
Snell,  on  stability  of  arches,  132 
Soap  plant,  255 

Society  of  Arts,  London,  29,  61,  90, 156,  380 
„  exhibition,  101 

„  Scottish,   31,   02,    91,   125.   148, 

153,  184 
Society  for  the  publication  of.  Architectural  know- 
ledge, 137 
Solomon's  pat.  artificial  fuel,  52 
Solvent  power  of  chloroform,  1S8 
Somerset-house,  257 
Somersetshire,  geology  of,  313 
Sound  made  visible,  128 
South-Eastern  railway,  318 
South-foreland  lighthouses,  319 
Spain,  opening  of  first  railway  in,  352 
Sparke's  plate-holder  for  the   daguerrotype  ca- 
mera, 155 
Speculums,  Fletcher's  pat.  for  silvering,  115 
Spheroidal  state  of  water,  application  of  to  steam- 
Springs,  Poole's  pat.  pneumatic,  45 
Stability  of  arches,  by  G.  Snell,  132 
Stability  of  floating  bodies,  357 
Stanley,  Captain,  on  height  of  waves,  310 
Slaite's  pat.  lighting  by  electricity,  49 
Starting  apparatus,  Jackson's  hydraulic,  183 
Statistics  of  railways,  241,  268,  333,  366 
Steam-boilers  and  engines,  Exall's  pat,,  342 
„  Black's  pat.  304 

„  furnaces.  Baker's  pat.,  247 

„  Douche's  pat.,  303 

,,  tubes.  Cutler's  pat.,  248 

„  marine,  Dundonald's  pat.,  286 

Steam-carriages,  collision  of,  197,  292 
„     condenser,  Schiele's  pat.,  114 
„     drainage  of  marshes  by,  301 
Steam-engines, Bacon  and  Dixon'spat.,  Ill 

„  boilers,  supply  of  water  to,  179 

„  causes  of  explosions  in  (rev.),  178 

„  Cole's  pat.  high  pressure,  342 

„  governors,  255 

,,  high  pressure,  Alban  (rev.),  211 

„  Regnault's  theory,  236, 265,  338 

„  rotary,  Davies's  pat., 

370 
„  rotary,  Wilson's,  286 

„  Samuel's,  223 

„  Siemen's  pat.,  249 

„  studies  of,  Templeton  (rev.),  296 

,,  treatises  on,  172 

„  Wicksteed's,  104 

Steam  for  carbonising  wood,  320 

„    generator,  high  pressure,  Leon's,  360 
„     hammer,  Nasmyth's,  289 
„    navigation  defences,  43 
„     Scott  ussell  on,  311 
navy,  75 


Steam-engine,  application  of  water  in  spheroidal 

slate,  382 
Steam  or  hydraalic-wheel,  Sims's,  2.51 
Steam    pile-driver,   Clarke    and  Varley's    341 ; 

Nasmyth's,  289 
Steam-power,  auxiliary,  126 
Steam-power  of  France,  352 
Steam-power  to  mills,  Hastie's  pat.,  115 
Steam  propulsion  in  the  year  1543,  319 
Steam-ship     Ajfonso,      317  ;       Express,     319  ; 

Llcwfllyn,  190;  New  Star,  319  i  Ta>nan,36G 
Steam-ship,  Great  Britain,  sale  of,  320 
Steam-valves,  expansive,  improved  mode  of  work- 
ing, 141 
Steam  working  expansively,  158 
Steel,  chemical  character  of,  314 
Steel  tyres,  Banks's  pat.,  184 
Steering  vessels,  Kenwood's  pat.,  47 
St.  George's  cathedral,  290 
Stephenson,  George,  life  of,  297,  329,  361 
Stevenson's  account  of  the  Skerryvore  lighthouse 

(rev.),  173,  205 
Stevenson's  portable  cofferdam,  02,  231 
Stone,  artificial,  Ransome  on,  61,  90 
Stone,  caen.  Prof.  Donaldson  on,  94 
Stone  drilling  machine,  160 
Stone  traffic  on  railways,  271 
Strength  of  Hungerford-bridge,  on  the,  364 
Strength  of  materials,  Buchanan  on,  125,  153 
Slruve's  low-pressure  Atmospheric  railway,  284 
Study  of  mechanic,  323 
Stowe,  258 

Stow's  pat.  propelling-blade,  286 
Submarine  foundations,  Mitchell  on,  122 
Sudden  draining  of  the  Niagara  river,  191 
Sulphate  of  iron  for  purifying  gas,  128 
Sunderland  docks,  2SS 

Supply  of  water  from  new  red  sandstone,  188,  381 
Surveying,  a  treatise  on,  by  A.  M'hitehead  (rev.), 

140 
Surveyors,  civil  and  military,  96,  198,  255 
Surveyors  preceptor,  by  J.  Reid  (rev.),  1^ 
Survey  of  London,  Ordnance,  96,  198,  255 
Survey  of  Liverpool,  278 
Suspension  bridge,  Clifton,  318  ;  Hungerford,  3, 

292,  364  ;  near  the  falls  of  Niagara,  191,  288  ; 

overarch,  Milne's,  32 
Suspension  bridges,    on   their  most  economical 

form,  2 
Switches,  NicoU's  improved,  32 
Symmetrical  beauty,  Hay  on,  31 

„  Purdie  on  the  fallacy  of,  148 

Taderxacle  of  Israel,  95 

Tables  for  calculation  of  earthworks,  Cox's,  199 

,,  Baker's  (rev.),  74 

Tables  for  earthworks,  Sibley  and  Rutherford's 

(rev.),  27 
Tate's  principles  of  geometry  (rev.),  138 
Tattersall's  railway  communicator,  191 
Taylor,  on  the  dyer's  tinctoria,  31 
Taylor's  pat.  engines  and  breaks,  76 

„  railway  carriages,  23 

Teeth  of  wheels,  machine  for  forming,  182 
Telegraph  and  alarum  for  railways,  30 
„         dotting  electric,  256 
„  electric,  9,  217 

„         electric,  company,  96 
,,  copying,  191,  317 

„  employed  by  publicans,  127 

(rev.),  176 
„  profits,  224 

Temperatures,  Regnault  on  measurement  of,  338 
Templeton's  studies  of  the  steam-engine  (rev.), 

296 
Testing  gun  metal,  381 

Theatres  and  porticoes  of  Ancient  Rome,  233 
Theatre,  new,. Royal  Polytechnic  Institution,  96, 

159 
Thermometer,  gas,  Regnault  on,  339 
Theorem  to  find  the  area  of  cross  section  of  rail- 
way on  sidelong  ground,  137 
Theoretical    and    practical    mechanics,    Hann's 
(rev.),  375 


Theory  and  practice  of  ship  building,  (rev.),  120 
Theory   of  steam-engines,  Regnault's,  236,  265, 

338 
Thornton's  hydraulic  lifting-jack,  87,  217 
Thorold's  pat.  turntables,  303 
Tides  of  the  English  and  Irish  channels,  147 
Tile  and  brick  traffic  on  railways,  333 
Tilghman,on  the  decomposing  power  of  water.lSl 
Timber  duties,  160 
Timber  traffic  on  railways,  270 
Timber  viaducts,  by  J-  and  B.  Green,  33 
Time  signals,  256 
Tin  traffic  on  railways,  270 
Torrents,  dissertation  on,  by  Guglielmini,  59 
Torrop's  time  signals,  256 
Towns,  air  and  water  of,  by  Dr.  Smith,  311 

„       bill  of  health,  120 

„      health  of,  17,  39 

„       regulation  of  buildings  in  (rev.),  27,  55 

„       ventilation  of,  188 
Trains,  collision  of,  196,  292 
Treatise  on  practical  surveying,  by  A.  Whitehead 

(rev.),  140 
Treatises  on  the  steam-engine,  172 
Trenches  for  drain  tiles,  White's  pat.,  320 
Trigonometrical  formula;,  230 
Triple  railway-break,  192 
Tube-cocks,  india-rubber,  Jennings's  pat,,  144 
Tubes,  lap-welded,  Cutler's  pat.,  248 

„    manufacture  of  Fontainraoreau's  pat.,  21S 
Tubular  bowstring  bridges,  1,300 

„       bridge  at  Conway,  95,  126,  154,  161,  351 

,,       bridges,  disputed  invention  of,  218 

„      flues,  Pott's  pat.,  368 
Tunnel  across  the  channel,  218 
Turnbull's  essay  on  air-pump  and  atmospheric  rail- 
way, (rev.),  26 
Turnbull  on  Middlesbro'  docks,  105 
Turn-table,  Thorold's  pat.,  303  ;  Tnriflt's,  288 
Tuthill's  history  of  architecture  (rev.),  377 
Tyres,  steel,  Banks's  pat,  184 

Unio»  and  division  of  running  waters,  by  B.  Zen 
drini,  115 

Uniting  metals  and  metallic  alloys,  processes  for, 
187 

Valve,  slide  on  the  lap  and  lead,  14,  37 

Valves  and  plugs,  Bateman's  pat.,  286 

Valves,  atmospheric,  Froude's  pat.,  218 

Valves,  expansive,   Improved    mode  of  working, 

141,285 

„      self-acting  safety,  Walmsley's  pat.,  371 
Vanadium  in  the  refinery  slag  of,  Staffordshire,  319 
Vases,  ancient  greek.  Dr.  Harding  on,  90,  91 
Vegetable  wax,  352 
Velocity  of  atmospheric  jets,  110 
Velocity  of  waves,  by  Capt.  Stanley,  310 
Ventilation,  lighting,  and  heating,  Brittern's  pat,, 

370 
Ventilation  of  mines,  Wilcock's  pat.,  22 
Ventilation  of  towns,  188 
Ventilometer,  the,  127 

Viaducts,  arched  timber,  by  J.  and  B.  Green,  33 
Viaducts,  Dinting  vale,  by  A.  S.  Jee,  35 
Viaducts  across  the  Dee,  317 
Vibrating  piston-rod  engine,  Gustafsson's,  24 
Vibration  or  deflection  gauge, 
Vice,  Peck  and  Pardee's  pat.  lever,  373 
Vickers's  pat.,  manufacture  of  iron,  47 

Wales,  South,  geology  of,  313 

„  „       qualities  of  coal  in,  313 

„    submergence,  and  re-appearance  of  ancient 
land  in,  314 

Wallace's  improvements  in  decoration,  303 

Waller's  pat.  coffee-pot,  115 

Walls  and  embankments  for  waterworks,  197 

Wall's  pat.  for  separating  iron  from  ore,  144 

Walmsley's  pat.  self-acting  safety-valve,  371 

War  steamer  Affonso,  317 

Water  and  air  of  towns.  Dr.  Smith  on,  31 
„    cisterns,  stop  cock  for,  185 


Watsr,  decomposing  power  of,  181 
Waterfall  in  India,  319 
Water,  flow  of,  by  Zendrini,  115 
„      gas,  293 

„     gauge,  Newton's  pat.,  52 
„|    instrument  for  ascertaining  the  comparative 

saltness  of,  91 
,,     measuring  of,  Haigh's  pat.,  371 
„     motion  of,  by  Guido  Grandi,  81 
„     pressure  of,  upon  fishes,  ICO 
„      Supply  of,  to  steam-engine  boilers,  179 
„  „        from  the  new  red  sandstone,  188, 

381 
„     Supply  of,  to  Manchester,  &c.,  report  on, 
(rev.),  177 
Waterloo- bridge,     extension     of    South-Western 

railway  to,  254 
Water-wheels,  Parker's  reaction,  110,  171 
Waterworks,  96 

„  at  Liverpool,  127 

„  embankments  for  reservoirs,  197 

Watson's  pat.  self-acting  gas  apparatus,  342 
Wax,  vegetable,  352 
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Waves,  atmospheric,  by  Mr.  Birf,  311 

„      velocity  and  height  of,  by  Capt.  Stanley,  310 
Webster,  on  port  and  docks  of  Birkenhead  (rev.), 

68 
Welding  iron  and  steel,  256 
M'estern  gas  company,  82 
Westminster,  expenses  of  new  palace  at,  92,  228 
„  review,  No.  XCVII.,  245 

„  new  palace,  245,  278,  295 

Wheels,  balancing  of,  222 

„      machine  for  forming  the  teeth  of,  182 
„      railway,  Evans's  pat.,  189;   Newton's,  114 
White  lead,  manufacture  of,  192 

„     paint  from  antimony,  128 
White's  new  trenches  for  draining  tiles,  320 
White's  theory  and  practice  of  shipbuilding  120 
Whitehead,  on  practical  surveying  (rev.),  140 
Whishaw's  telegraph  inventions,  217 
Wicksteed's  engine,  104 
Williams,  on  the  chemistry  of  the  sea,  160 
Wilson's  pat.  rotary  steam-engine,  285 
Wind,  instrument  for  indicating  the  direction  and 

force  of,  127 


Window,  gothic,  at  Boppart,  on  the  Rhine,  129 

Window-tax,  1,  96 

M'ing  walls  of  bridges,  Clark  on,  43 

Wire  and  hemp  rope,  comparative  strength  of,  352 

Wood  and  stone  pavement,  272 

„     carbonized  by  high-pressure  steam,  320 

„     for  sleepers,  preservation  of,  224 

„     Payne's  pat.  fire-proof,  287 

„    pavement,  action  for  infringement  of  pat., 
256 

„    Renard's  pat.  for  colouring  and  preserving, 

Wrighton's  pat.  apparatus  for  railways,  246 

Wrought-iron,  analysis  of,  315 

„  Roche's  pat.  for  casting,  216 

„  tubular  bowstring-bridges,  1,  300 

Wyatt,  on  the  art  of  enamel,  156 

Wyatt,  on  Llandaflf  Cathedral,  141 

Wye,  wooden  bridge  over,  127 

Yoong's  atmospheric  railway,  224 

Young  surveyor's  preceptor,  by  J.  Reid  (rev.),  122 
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Arches,  oblique,  1  cut,  4 
Arches,  sUbility  of,  1.1  cuts,  132 
Axle-boxes  and  journals,  1  cut,  :i*>0 
Boring  and  sinlcing,  2  cuts,  170 
Bridges,  construction  of,  7  cuts,  2,  23 
Bridges,  Sadler's  pat.  balance,  7  cuts,  75 
Bridges,  wing  walls  of,  2  cuts,  43 
Buckingham  palace,  1  cut,  7 
Cement,  experiments  on,  3  cuts,  21*4 
Cofferdam,  2  cuts,  2.'i2 
Coffee-pot,  Waller's,  1  cut,  ll.i 
Condenser  for  steam-engines,  2  cuts,  1 U 
Coupling  irons,  1  cut,  372 
Deflection  or  vibration  gaige,  2  cuts,  1 
Docks,  liliddtesborough,  I  cut,  10.5 
Earthworks,  2  cuts,  119 
Electiicity,  lighting  by,  5  cuts,  4i) 
Embankments  and  cuttings,  4  cuts,  327 
Fan  blast,  1  cut,  18 


Fire  cock,  2  cuts,  IfiS 

Fluids,  resistance  to  bodies  in,  1  cut,  107 

Furnaces,  blast  of,  I  cut,  372 

Gas  apparatus,  self-acting,  1  cut,  342 

Gas  burners,  2  cuts,  114 

Gas  meters,  2  cuts,  369 

Girders  for  bridges,  I  cut,  300 

Gothic  window,  1  cut,  129 

Hydraulic  lifting  jack,  1  cut,  217 

India-rubber  tube  cocks,  2  cuts,  144 

Iron,  manufacture  of,  1  cut,  171 

Isometrical  peispectlve,  4  cuts,  230,  294 

Jointing  clamp,  1  cut,  373 

Lighthouses,  2  cuts,  207 

Locomotive  carriage  wheels,  1  cut,  180 

Locomotive  engines  and  breaks,  4  cuts,7fi 

Locomotive  engines  and  carriages,  4  cuts, 

48,  167,  307 
Mining  lanthorn,  1  cut,  255 


Paddle  ivheels,  1  cut,  168 

Paving,  1  cut,  272 

Perforating  machine,  1  cut,  88 

Pile-driving  machine,  2  cuts,  341 

Plan-pricking  instrument,  1  cut,  272 

Pneumatic  spring,  2  cuts,  4', 

Propellers,  6  cuts,  3'ir) 

Railway  bars  and  chairs,  2  cuts,  170 

Railway  buffers,  1  cut,  24'I 

Railway  carriage  axles,  b  cuts,  46 

Railway  sections  in  sidelong  ground, 

cuts,  07,  137 
Railway  wheels,  1  cut,  114 
Reservoirs,  embankments  of,  4  cuts,  11*7 
Rotary  steam-engine,  1  cut,  285 
Sack-holder,  1  cut.  111 
Sewers  and  drains,  15  cuts,  41,  279,  372 
Sewer  traps,  2  cuts,  25,  372 
Slide  valves,  21  cuts,  14,  37 


Smoke  consuming,  2  cuts,  113 

Steam-boiler  fire-bars,  1  cut,  304 

Steam-boiler  furnaces,  1  cut,  247 

Steam-engines,  5  cuts.  111 

Steam  generator,  4  cuts,  360 

Steam  valves,  23  cuts,  14,  37,  141 

Steering  vessels,  1  cut,  47 

Stephenson  (Geo.),  portrait  of,  329 

Vibrating  piston-rod  engine,  1  cut,  24 

Vice,  1  cut,  373 

Water,  flow  of,  9cuts,  81,  115 

Water  gauge,  2  cuts,  62 

Water-wheels,  2  cuts,  110, 172 

Wheels,  2  cuts,  369 

Window,  Gothic.  1  cut,  129 

Wood,  preserving  and  colouring,    1  cut, 

143 
Zinc  ores,  G  cuts,  343 


DIRECTIONS  TO  BINDER. 


Plate  I.  Wrouglit-iron  Tubular  Bow  Bridge 

II.  Palmer's  Improvements  in  Gas  .. 

III.  Willingtun  and  Ouse  Burn  Viaduct 

IV.  Dinti:ig  Vale  Viaduct 

V.  Sanitary  Improvements,  Plan  of  Drainage 
Vli  Coal  Staitli,  Widdlesborough-on-Tees  .. 


opposite  page 


I 

25 
33 
35 
.80 
105 


Plate  VII.    Baptist  Chapel,  Bloomsbury       

„      VIII.  Conway  Tubular  Bridge 

„      IX.      Imperial  Insurance  OlBce 

,,  X.  XI-  Jacquard  Perforating  Machine    ..         .. 

„      XII.    Nasmyth  and  Co. 's  Steam  Plle-Driver 

,,      XIII,  Railway  Station,  Newcastlc-on-Tyne,  Plan  of 


opposite  page  129- 
161 
191 
225 
28D 
353 


■i 


NORTHEASTERN  UNIVERSITY  LIBRARIES 


3  9358  00828804  2 


!iiiii;-,iniiin!inn!!iiHiii!iMi'Mi:;iiiiriii!iv 


M 


NORTHEASTERN  UNIVERSITY  LIBRARIES 


3  9358  00828804  2 


t    ,'    :  /;, 


ulllllllJliiitlil 


